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Keypoints:
1. We develop a preliminary earthquake catalog for the Mozambique Channel
2. Catalog shows magnitude of completeness of Mr3.5 and b-value of 0.76

3. Earthquakes collocate with known active plate boundaries and submarine volcanoes

Abstract

The Mozambique Channel is a 1,600-km long, 950 — 1,000-km wide deep-water arm of
southwestern Indian Ocean, located between Mozambique and Madagascar Island. The channel
hosts the offshore continuation of the East African Rift System, an active divergent plate boundary
that has propagated from the African continent, across Mesozoic continental rifted margins, into
Mesozoic oceanic lithosphere. The earthquake and tsunami hazards posed by the network of active
plate boundaries in the Mozambique Channel necessitates a regional seismic database to aid
scientific investigations, hazard analysis, and mitigation efforts. However, the Mozambique
Channel lacks a systematic regional-scale analysis of event distribution, thus limiting advances in
seismological investigations of the region. Here, we utilize 256 seismic stations onshore mainland
Africa and in Madagascar to detect and locate earthquakes in the Mozambique Channel between
1990 and 2021, to produce its first regional earthquake catalog. The stations comprise two
permanent (Africa Array and the Malagasy seismic networks) and six temporary seismic networks
distributed across the two land masses. We detected and located 178 high-quality events with a
magnitude of completeness of ML3.5, and b-value of 0.76. In the catalog, the events collocate with
the known active plate boundaries and associated Quaternary submarine volcanic centers in the
Mozambique Channel.

Keywords: Mozambique Channel, Earthquakes, Rift, Earthquake Catalog, Intra-oceanic rifting
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1 Introduction

The Mozambique Channel, located between eastern Africa and western Madagascar, constitutes a
key tectonic domain within the southwest Indian Ocean, recording both the legacy of Gondwana
breakup and ongoing deformation associated with the East African Rift System (EARS) (Reeves
and de Wit, 2000; Stamps et al., 2008; Saria et al., 2014; Stamps et al., 2018). Despite its
geodynamic importance, seismicity in the Mozambique Channel remains incompletely
documented, largely due to the offshore nature of the region and historically sparse seismic station
coverage, which has resulted in significant uncertainties in earthquake locations within existing
catalogs (Hartnady et al., 1990; Engdahl et al., 1998; Craig et al., 2011). The opening of the
Mozambique Channel during the Jurassic-Cretaceous was driven by the separation of Madagascar
from the African continent, accompanied by transform faulting and seafloor spreading in the
adjacent Mozambique and Somali basins (Malod et al., 1991; Rabinowitz and Woods, 2006).
Inherited structures formed during this period, particularly the NNW-SSE-trending Davie Fracture
Zone, are widely interpreted as major continent-ocean transform faults and are thought to exert a
first-order control on present-day deformation within the channel (Mahanjane, 2014; Franke et al.,
2015). More recent tectonic processes related to the southward propagation of the EARS and the
development of microplates, including the Rovuma and Lwandle plates, further contribute to the
complexity of the regional stress field and plate boundary configuration in southeastern Africa and
adjacent offshore regions (Stamps et al., 2008; Saria et al., 2014; Stamps et al., 2021).

Previous studies of seismicity in the Mozambique Channel (Grimison and Chen., 1986; Delavaux
and Barth., 2010), have relied on heterogeneous datasets characterized by uneven spatial and
temporal coverage, limiting their ability to resolve the geometry and continuity of active structures
across the channel (Hartnady et al., 1990; Hartnady, 2002). Deployments of permanent and
temporary broadband seismic networks in Madagascar and East Africa, together with the
availability of international waveform archives such as IRIS, now provide an opportunity to
systematically reassess regional seismicity and improve earthquake locations (Nyblade, 2010;
Wysession et al., 2011; Helffrich and Fonseca., 2011; Riimpker, 2015).

In this contribution, we present a revised seismic catalog for the Mozambique Channel covering
the period 1989-2021. The catalog is based on waveform data recorded by a dense network of
permanent and temporary seismic stations distributed across Madagascar and East Africa and
includes rigorously relocated hypocenters using a uniform methodology (Lienert and Havskov,
1995). This revised seismic catalog provides an improved foundation for future investigations of
regional tectonics, seismic hazard, and lithospheric structure within the Mozambique Channel and
the broader East African plate boundary zone.

2 Regional Tectonics of the Mozambique Channel
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The Mozambique Channel, located between eastern Africa and western Madagascar, represents a
key tectonic domain within the southwest Indian Ocean, recording both the legacy of Gondwana
breakup and ongoing deformation related to the East African Rift System (EARS) (Reeves and de
Wit, 2000; Stamps et al., 2008; Saria et al., 2014). The region formed during the Mesozoic breakup
of the Gondwana supercontinent, when East Gondwana, including Madagascar and India,
separated from the African margin (Konig and Jokat., 2010). Leading to seafloor spreading in the
Mozambique and West Somali basins between the Jurassic and Early Cretaceous (180—120 Ma)
and establishing the Mozambique Channel as an oceanic corridor between Madagascar and East
Africa (Flores , 1971; Malod et al., 1991; Rabinowitz and Woods, 2006; Reeves and de Wit, 2000).
This tectonic evolution was accompanied by significant transform faulting, most prominently
along the NNW-SSE-trending Davie Fracture Zone (Davie Ridge) (Franke et al., 2015; Fig.1),
which is widely interpreted as a continent—ocean transform fault formed during the relative motion
between Madagascar and mainland Africa during the Jurassic—Cretaceous (Malod et al., 1991;
Rabinowitz and Woods, 2006; Mahanjane, 2014). The Davie Ridge separates crustal domains
within the Mozambique Channel and remains a first-order inherited structure influencing later
deformation (Klimike and Franke., 2016; Klimike et al, 2016).

In the broader regional framework, the EARS defines the active divergent boundary between the
Nubian and Somali plates and has led to the development of several microplates, including the
Rovuma and Lwandle plates, within a wide zone of diffuse deformation extending into
southeastern Africa and offshore regions (Stamps et al., 2008; Saria et al., 2014, Stamps et al.,
2021). Several active or reactivated tectonic boundaries have been proposed within and around the
Mozambique Channel, including the NNW-SSE Davie Rift interpreted as the eastern boundary of
the Rovuma microplate, an approximately E-W-striking structure in the Comoros region proposed
to accommodate deformation between the Somali and Lwandle plates, and a NE-SW-trending
structural zone near the Bassas da India—Europa region interpreted as part of the Rovuma—Lwandle
plate boundary (Deville et al., 2018, Famin et al., 2020; Stamps et al., 2021; Berthod et al., 2022;
Boymond et al., 2025).

The southern Mozambique Channel, particularly the Bassas da India region, has been
characterized by clustered seismicity, which has been interpreted as evidence for active
deformation along this NE-SW-trending zone (Hartnady et al., 1990; Hartnady, 2002). These
observations are consistent with recent bathymetric, volcanic, and seismic studies that document
linear volcanic alignments and tectono-magmatic features in the southern channel, suggesting
ongoing lithospheric deformation superimposed on inherited Mesozoic structures (Deville et al.,
2018; Courgeon et al., 2018; Berthod et al., 2022). Together, these studies highlight the
Mozambique Channel as a region where ancient Gondwana breakup structures interact with
present-day plate boundary processes, resulting in a complex and spatially distributed pattern of
seismicity and deformation (Stamps et al., 2008; Vormann et al., 2020).
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3 Data and Methods

3.1 Seismic Station Network

To comprehensively characterize the study area, we use eight seismic networks (figure 2)
comprising a total of 266 permanent and temporary stations. These include AFRICAARRAY
project (FDSN code: AF, Penn State University 2004), RHUM-RUM project (FDSN code: X1,
Rumpker 2015), Seismic Investigations of the Lithospheric Structure of the Tanzanian Craton
(FDSN code: XD, Tom Owens and Andy Nyblade 1994), MACOMO project (FDSN code: XV,
Wysession et al. 2011), AFRICAARRAY project (FDSN code: YH, Andrew Nyblade 2010) ,
SEISM project (FDSN code: ZD, Leeds/GFZ Potsdam), MOZART project (FDSN code: 6H,
George Helffrich and Fonseca 2011), and the Malagasy seismic networks distributed across the
Mozambique Channel. The networks comprise both temporary deployments (X1, XD, XV, YH,
ZD, 6H) and permanent stations the Malagasy network, providing a dense spatial and temporal
coverage of seismic activity from 1989 to 2021. The combination of broad geographic coverage
and high station density on both sides of the Mozambique Channel is critical for accurate event
detection, location. Detailed lists of all stations included in this study, separated by Malagasy and
East African locations, are provided in the supplementary material.

3.2 Data processing and Catalog development

Data acquisition was performed in three successive stages to ensure consistent waveform coverage
across the Mozambique Channel. First, we compile a reference seismic catalog from the National
Data Center for Seismic and Infrasonic in Madagascar (NDC-Madagascar), Institute and
Observatory of Geophysics in Antananarivo (IOGA). This catalog includes 178 seismic events
recorded between 1990 and 2021 using only seismic stations located in Madagascar. For these
events, waveform data were available in a different format but converted into the common
MiniSEED format to ease the computation. In the second stage,we submit the same event catalog
to the IRIS (Incorporated Research Institutions for Seismology) Data Management Center to
retrieve waveforms recorded from seismic stations located in East African countries bordering the
Mozambique Channel, including Mozambique, Tanzania, Malawi, and South Africa. While
requesting for waveforms for each station, the start time was computed from event origin time
with respect to the epicentral distance from each event location. For each event, waveform length
was extended by 1200 s to ensure sufficient waveform duration for signal analysis and to match
the time window of the waveforms recorded by Malagasy stations. Data retrieval was carried out
through automated requests to the IRIS archive and other available databases. For the third and
final stage we merge waveform datasets recorded by seismic stations in Madagascar with those
obtained from East African stations. All waveforms were standardized and stored in MiniSEED
format, then we imported into the event location and processing software to form a unified dataset
suitable for hypocentral location and subsequent seismic analyses.
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3.3 Event location

For each event, four parameters were determined: origin time, hypocenter coordinates (latitude
and longitude), focal depth, and magnitude. We perform event location using the Fortran-based
program HYP, implemented within the SEISAN software package. HYP is an enhanced version
of the HYPOCENTER algorithm developed by Lienert and Havskov (1995), designed to
iteratively refine hypocenter positions using travel-time data. The location procedure employed an
iterative inversion of P- and S-wave arrival times. For each event, HYP calculates partial
derivatives of observed arrival times with respect to hypocentral parameters and minimizes
residuals between observed and predicted travel times. Input data included the initial catalog
locations, precise station coordinates, and a 1D seismic velocity model. The AK135 global velocity
model (Kennett et al., 1995) was used because no regional velocity model is currently available
for the Mozambique Channel. The program outputs updated hypocentral parameters and the
associated root mean square (RMS) travel-time residual, which serves as a quantitative measure
of location quality. To further reduce residuals and improve accuracy, phase picking was carefully
refined for each event through iterative adjustment of P- and S-wave arrivals. The combination of
high station density and broadband waveform data maximized the robustness and precision of the
located catalog, producing a consistently improved dataset suitable for subsequent seismic
analyses.

4 Results
4.1 Event distribution and statistics

Between 1990 and 2021, we detected and located 178 high-quality events. All events were initially
located using the seismic network configuration, and was performed using the HYP program, with
preferred solutions selected based on the minimization of root mean square (RMS) travel-time
residuals. The spatial distribution of the hypocenters shows a defined clustering along the axis of
the Mozambique Channel. The clusters continue south-southeastwards from the northwestern
Mozambique coastal margin (10.85°S, 40.62°E), to the western coastal areas of southern
Madagascar (24.64°S and 43.30°E). The events appear to be concentrated within a narrow
corridor, forming a continuous NNW-SSE-oriented zone of seismicity between the eastern
African margin and the southwestern margin of Madagascar. The persistence of this spatial pattern
throughout the seismicity record period highlights the tectonic origin of the observed seismicity.
The frequency-magnitude distribution of the catalog (Figure 4) produced a b-value of 0.76,
suggesting a predominance of relatively larger magnitude events in the catalog compared to
smaller ones. The cumulative distribution closely follows the Gutenberg Richter law for M>3.5,
indicating that the magnitude of completeness of the catalog (Mc) is M3.5. The cumulative
distribution shows the actual frequency of events per magnitude bin, confirming that the majority
of events are clustered around moderate magnitudes (M3 — 4), while large events (M>5) are rare.
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The horizontal errors in the locations of the events are 0 - 46 km in E-W direction and 0 - 48 km
in N-S direction. Most of the events are in the crust (<60 km), however, some outlier events appear
deeper but have much larger depth uncertainties

5 Synthesis

We present here a new seismic catalog for the Mozambique Channel that comprises high-quality
manual event detections based on >9 station detections in mainland eastern Africa and Madagascar
(Fig. 3a, 5a). The catalog has a Mc of M3.5, suggesting that the microseismic events are not
captured in the catalog, likely due to the large distance of the stations used for event detection.
However, the detected and located events colocate with known active plate boundaries in the
Mozambique Channel, and primarily along the bathymetric trace of the NNW-SSE striking Davie
Rift (Fig. 3). More broadly, the detected events only occur along the northern and central segments
of the Davie Rift, and more sparsely in the southern segment. Although our catalog detected more
events in the southern Davie Rift than global catalogs (Fig. 1b), the rift segment remains relatively
seismically quiet. We interpret that the consistency of seismicity sparseness of the southern Davie
Rift across the different seismic catalogs suggest that active deformation in this rift segment may
be aseismic, or that there is significant strain accumulation on the active faults in the rift segment.
Away from the Davie Rift, several of the events occur in the Zambezi Basin, defining a NE-SW
trend that splay southwestward from the Davie Rift towards the Mozambique coastal margin,
which we interpret to be associated with the Rovuma-Lwandle plate boundary (see Fig. 1a).
Furthermore, a few of the events are colocated with the Comoros volcanic island chain which
defines an active tectonic plate boundary along the southwestern boundary of the Somalian Plate.

6 Uncertainties

Hypocentral locations and associated uncertainties depend strongly on the assumed velocity model
and the geometry of the seismic network. In this study, the global one-dimensional AK135 velocity
model was used for all events. Although AK135 provides a stable and internally consistent
reference model, it does not fully represent the complex crustal and upper-mantle structure of the
Mozambique Channel. As a result, earthquake depths are generally less well constrained than
epicentral locations, as reflected by large depth uncertainties. The mean location uncertainties are
approximately ~15.70 km N-S, ~16.45 km E-W, and ~22.74 km in depth, with the larger depth
errors primarily attributed to limitations of the global velocity model rather than station coverage,
which is relatively good on both sides of the channel. In the absence of any local or regional
velocity models for the Mozambique Channel, AK135 represents the most appropriate available
choice. The use of a single velocity model ensures internal consistency across the dataset, and the
reported uncertainties primarily reflect relative location errors rather than absolute mislocations.
Within these constraints, the colocation of the earthquakes with known active plate boundaries
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suggests that within the extents of the stated location uncertainties, the catalog is useful for first-
order investigations of tectonic deformation at a regional scale. Future work to advance the catalog
should include event location tests using a variety of available crustal and lithospheric velocity
models with an assessment and comparison of the resulting location error distributions.
Furthermore, a relative relocation approach that is compatible with large inter-station distances
may provide a reduced uncertainty in the event locations.

Conclusions

We present a first regional seismic catalog for the Mozambique Channel, using a combination of
seismic station networks on mainland eastern Africa, and Madagascar island. We detected and
located 178 of high-quality events with a magnitude of completeness of Mi3.5, and b-value of
0.76. The uncertainties in the event location generally range 0 - 48 km, given the large station
distances. However, the events collocate with the known active plate boundaries and associated
Quaternary submarine volcanic centers in the Mozambique Channel. The presented seismic
catalog is preliminary but provides a useful framework for future investigations of seismicity and
the associated tectonics of the Mozambique Channel.
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Figure 1:(a) Tectonic framework of the East African Rift System, illustrating GPS velocity vectors (after
Saria et al., 2014; Stamps et al., 2018), plate boundaries (after Stamps et al., 2021 and Wedmore et al.,

2021), and active faults (after Styron and Pagani, 2020). (b) Seismicity of the Mozambique Channel 1989-
2021 from USGS catalog in red and ISC catalog in white.
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Figure 2: Spatial distribution of seismic stations used in this study, comprising stations in mainland eastern
Africa and in Madagascar.
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Figure 3: Spatial distribution of seismic events located in this study overlaid with location uncertainties in
xy-direction (in map), and depth uncertainties in cross-sections. The cross-sections are projected along a
central longitude 41°E (right panel) and along a central latitude 16°S (bottom panel). Note that we exclude
events located at >70 km depths as they have large (>50 km) location uncertainties.
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Figure 4: Frequency—magnitude distribution of events in the catalog, showing a b—value of 0.76.
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Figure 5: Spatial distribution of events in the seismic catalog from (a) this study (excluding events with
>50 km location uncertainties), (b) public domain catalog from USGS, and (c) public domain catalog from
ISC.
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1 Table 1: List of events detected and located in this study
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Date Time latitude |longitu |depth |mag erlat erlon |erdepth |erlat deg |erlon_deg
de

21/10/1992 | 21:32:11.760 |-17.3 42.62 12305 |2.8 18.98 41.9 77.8 0.17 0.4
22/07/1994 | 19:54:36.650 | -11.09 40.72 71.9 3.7 48.32 57.1 238.3 0.44 0.52
19/08/1994 | 05:50:47.260 | -12.6 41.48 79.4 43 97.44 114.7 |100.6 0.88 1.06
03/10/1994 | 01:46:03.360 |-12.92 41.37 77.5 3.6 83.03 110.6 {2269 0.75 1.02
04/02/1995 |20:41:17.870 | -10.26 40.29 15.0 3.7 614.87 |788.5 |25.22 5.54 7.22
08/06/199S5 | 16:11:58.590 |-13.24 41.53 24.7 32 8.88 8.8 50.0 0.08 0.08
12/06/1995 | 19:49:50.100 |-13.33 41.46 18.8 3.0 15.16 17.3 50.0 0.14 0.16
17/06/1995 | 22:24:09.200 | -14.89 41.25 15.0 3.0 24.02 13.8 50.0 0.22 0.13
24/06/1995 | 17:38:20.670 |-12.9 42.14 61.4 4.2 0.0 1034 |24.26 0.0 0.1
20/07/1995 | 05:08:33.420 |-13.17 4192 |0.6 43 0.0 1495 |12.39 0.0 0.14
10/08/1995 | 00:41:16.000 |-16.38 41.9 45.1 4.5 0.0 1122 |19.44 0.0 0.11
21/08/1995 | 22:08:30.490 | -20.71 42.35 2.5 2.5 0.0 14.4 27.74 0.0 0.14
27/09/1995 | 11:05:35.080 | -15.55 41.37 55.6 24 14.02 10.3 50.0 0.13 0.1
04/10/1995 | 23:19:42.220 |-11.88 42.12 76.9 3.0 0.0 16.84 |22.75 0.0 0.16
17/10/1995 |20:05:32.470 |-17.15 41.83 3.6 2.6 39.16 53.5 53.0 0.35 0.5
22/08/1996 |07:14:56.310 |-14.93 42.24 15.0 3.7 15.19 12.7 50.0 0.14 0.12
27/08/1996 |20:29:40.600 |-17.43 42.15 43.6 2.5 0.0 10.98 |24.59 0.0 0.1
04/05/1998 |07:04:37.120 | -17.04 41.98 15.0 3.0 34.33 334 75.8 0.31 0.31
26/10/1998 | 08:46:13.160 | -20.44 41.81 34.5 2.9 20.46 16.2 34.6 0.18 0.16
17/06/2000 |07:39:26.230 |-20.25 42.28 321.1 |26 62.09 138.3 |192.6 0.56 1.33
29/06/2000 |23:29:32.410 |-16.63 43.05 45.1 3.7 23.38 15.4 19.5 0.21 0.14
06/07/2000 |03:53:42.560 | -24.11 40.37 78.8 3.8 0.0 13.05 |16.5 0.0 0.13
11/09/2000 |02:52:17.220 |-12.31 4326 0.1 3.1 0.0 18.08 |16.22 0.0 0.17
03/10/2000 | 01:24:33.870 |-17.25 42.13 15.0 3.0 43.32 70.8 95.8 0.39 0.67
21/10/2000 |02:12:08.590 | -19.01 42.62 188.7 3.1 19.66 33.8 91.4 0.18 0.32
03/11/2000 |20:23:40.490 | -12.66 43.82  |48.9 2.9 0.0 19.66 |11.27 0.0 0.18
20/11/2000 |22:32:11.930 |-20.23 41.83 20.7 4.0 22.11 46.4 16.62 0.2 0.45
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11/09/2001 |01:12:16.780 |-23.03 39.08 15.0 4.0 0.0 19.49 |22.47 0.0 0.19
03/10/2001 |22:42:56.510 | -11.8 41.48 1409 (3.9 18.49 16.58 |21.37 0.17 0.15
07/10/2001 |23:33:43.400 | -19.59 42.69 126.5 |43 13.25 17.46 |22.99 0.12 0.17
27/10/2001 | 01:50:46.200 | -23.06 41.33 71.7 3.5 12.24 17.12 | 14.74 0.11 0.17
28/11/2001 |03:18:14.720 | -12.8 42.02 74.2 4.8 15.49 16.92 |23.04 0.14 0.16
09/12/2001 | 09:22:35.300 | -13.4 41.73 206.1 |52 16.64 10.05 |13.22 0.15 0.09
15/12/2001 |06:16:25.970 |-12.78 42.48 15.0 3.6 0.0 10.65 |27.26 0.0 0.1

16/12/2001 |10:46:37.830 |-13.36 41.16 75.8 4.5 16.06 10.09 |12.03 0.14 0.09
16/01/2002 |23:57:25.520 | -16.83 42.04 27.2 4.1 45.16 43.5 110.3 0.41 0.41
09/04/2002 | 01:11:23.480 | -12.95 42.61 14.9 3.8 44.66 414 0.0 0.4 0.38
06/05/2002 | 06:30:30.700 | -24.6 41.98 76.5 4.1 10.84 11.62 |27.97 0.1 0.12
13/06/2002 |05:37:06.350 | -18.69 40.99 75.3 39 18.87 17.8 22.84 0.17 0.17
16/06/2002 |03:00:36.690 |-17.28 40.67 76.9 3.6 13.49 1726 |27.94 0.12 0.16
16/07/2002 |14:50:27.320 |-12.28 42.29 15.1 5.0 0.0 11.71 |12.32 0.0 0.11
25/07/2002 | 08:48:21.600 | -11.93 41.45 71.7 4.6 19.0 1633 |16.78 0.17 0.15
04/08/2002 | 11:31:37.960 | -17.35 42.25 21.5 4.1 68.48 30.1 29.3 0.62 0.28
16/09/2002 |14:49:12.810 |-20.89 41.19 15.0 4.7 0.0 16.08 |17.17 0.0 0.16
14/10/2002 | 19:54:59.760 | -16.63 42.61 41.6 3.7 20.21 17.6 12.8 0.18 0.17
26/10/2002 | 09:49:49.570 | -13.41 41.29 78.3 3.8 12.42 10.93 |27.94 0.11 0.1

08/11/2002 | 05:04:40.330 | -17.05 41.82 59.7 39 0.0 1046 |11.48 0.0 0.1

15/11/2002 |08:27:12.260 |-21.13 40.17 77.9 49 18.17 15.55 |20.59 0.16 0.15
14/12/2002 | 14:21:22.670 |-17.36 42.93 189.8 [3.6 18.77 12.58 |23.2 0.17 0.12
24/12/2002 | 02:18:10.640 |-17.13 40.66 15.7 4.5 0.0 1592 |25.43 0.0 0.15
02/01/2003 | 16:04:43.520 | -15.71 42.01 3.4 39 19.58 127.0 | 1225 0.18 1.19
06/01/2003 | 02:15:57.870 | -15.42 41.86 38.1 43 0.0 15.14 |24.58 0.0 0.14
03/02/2003 | 19:54:50.390 | -15.49 41.84 11.9 4.0 14.27 84.2 79.9 0.13 0.79
18/04/2003 |00:27:04.900 |-12.78 4251 15.0 39 0.0 12.0 24.14 0.0 0.11
18/05/2003 |23:08:11.070 |-17.46 42.66 18.0 3.5 0.0 17.85 ]26.31 0.0 0.17
28/05/2003 | 12:33:49.130 | -19.27 40.74 34.9 3.7 0.0 14.56 |10.11 0.0 0.14
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01/06/2003 | 22:29:49.390 | -22.21 40.82 0.1 43 0.0 13.66 |13.97 0.0 0.13
29/07/2003 | 01:29:27.460 | -15.89 41.96 354 3.8 0.0 12.92 |25.44 0.0 0.12
10/08/2003 | 23:56:28.530 |-20.84 40.56 15.0 3.1 21.89 9.6 50.0 0.2 0.09
17/08/2003 |12:12:08.750 |-16.06 40.61 37.1 3.6 0.0 11.39 |29.74 0.0 0.11
18/08/2003 |11:15:33.740 |-17.19 42.12 59.3 32 0.0 16.12 | 11.49 0.0 0.15
26/08/2003 | 12:16:53.750 | -17.22 41.88 16.4 32 0.0 1291 |26.04 0.0 0.12
01/09/2003 | 02:07:08.030 | -13.06 41.69 14.3 4.2 0.0 1432 |12.82 0.0 0.13
21/09/2003 |20:41:26.570 | -20.39 42.49 15.8 3.5 47.95 24.4 50.0 0.43 0.23
09/10/2003 | 03:16:46.110 | -16.95 42.06 25.2 3.5 28.11 332 69.8 0.25 0.31
19/10/2003 |01:50:58.520 |-12.0 4231 9.4 4.9 0.0 15.25 |20.85 0.0 0.14
23/11/2003 |20:01:01.620 | -17.04 42.55 15.0 3.5 0.0 13.04 |15.62 0.0 0.12
01/12/2003 | 04:31:48.780 | -16.12 42.38 3.1 3.7 34.24 433 52.2 0.31 0.41
05/12/2003 | 05:25:31.940 | -20.3 41.52 31.8 5.0 130.88 |129.9 |[254.1 1.18 1.25
17/07/2012 |10:13:45.910 |-20.84 40.97 172.6 3.7 13.41 11.13 |28.49 0.12 0.11
12/08/2012 | 19:11:13.600 |-14.58 41.25 2348 (4.0 20.25 43 29.5 0.18 0.04
13/08/2012 |04:14:05.470 | -14.37 41.39 57.6 39 20.94 5.3 17.14 0.19 0.05
28/08/2012 | 16:07:53.640 | -11.84 42.17 15.0 4.1 28.7 4.8 50.0 0.26 0.04
07/11/2012 | 11:26:14.730 | -16.26 41.35 0.1 4.5 17.82 6.0 193.2 0.16 0.06
08/11/2012 | 10:21:40.650 | -17.74 41.6 16.4 3.8 29.1 7.3 144.2 0.26 0.07
13/11/2012 | 17:19:58.570 |-16.98 44.23 15.0 2.9 69.05 11.5 50.0 0.62 0.11
19/11/2012 | 00:37:55.670 | -14.6 41.37 38.5 4.0 21.15 4.4 50.0 0.19 0.04
29/11/2012 | 02:41:59.880 | -17.07 41.31 15.0 3.8 33.65 11.0 343.8 0.3 0.1

14/12/2012 | 15:18:46.040 | -16.13 41.59 15.0 5.4 9.7 5.4 142.7 0.09 0.05
18/12/2012 | 17:39:40.520 | -14.11 41.79 44.8 3.6 13.39 24 50.0 0.12 0.02
08/03/2013 | 15:23:47.380 | -23.24 39.05 36.3 42 25.52 9.4 43.0 0.23 0.09
20/03/2013 | 05:21:53.630 | -11.96 42.19 10.2 52 9.65 3.6 0.0 0.09 0.03
03/05/2013 | 09:58:25.980 | -18.14 41.41 10.4 3.8 0.0 11.83 |26.57 0.0 0.11
05/05/2013 | 12:12:05.990 | -23.36 38.87 15.0 4.1 6.74 1.9 50.0 0.06 0.02
06/06/2013 | 09:37:27.860 | -16.43 41.43 1652 |4.4 18.91 8.9 79.2 0.17 0.08
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20/06/2013 | 05:47:41.770 | -21.66 39.71 40.6 43 8.41 42 59.2 0.08 0.04
09/08/2013 | 19:23:23.160 | -12.94 41.07 19.2 4.5 14.45 5.6 0.0 0.13 0.05
11/08/2013 |06:48:18.680 |-12.93 41.09 15.0 4.1 7.45 2.3 0.0 0.07 0.02
12/08/2013 |21:58:14.460 | -12.43 42.76 75.9 3.8 16.45 11.74 |23.82 0.15 0.11
13/08/2013 |01:29:39.650 | -23.83 39.64 147.1 4.0 5.85 2.6 48.9 0.05 0.03
12/11/2013 | 12:25:14.540 |-15.1 41.84 27.1 5.1 0.0 11.82 |15.43 0.0 0.11
03/02/2018 | 05:51:04.890 | -17.71 42.32 15.0 3.4 0.0 12.12 | 17.77 0.0 0.11
04/02/2018 | 12:09:13.340 | -22.43 39.71 15.0 4.2 0.0 18.32 |16.51 0.0 0.18
08/03/2018 | 08:50:06.640 | -17.81 37.24 15.1 5.0 246.34 | 8419 |613 222 7.97
17/04/2018 | 04:04:45.400 | -19.05 40.48 0.01 39 138.9 98.7 120.1 1.25 0.94
10/07/2018 |23:45:28.780 |-21.75 41.77 2234 |42 10.17 15.12 | 14.53 0.09 0.15
16/07/2018 |01:11:22.950 |-21.07 41.85 98.8 4.9 10.41 1591 |23.55 0.09 0.15
29/07/2018 | 08:58:24.250 | -15.02 43.26 19.2 3.6 46.18 136.5 |121.0 0.42 1.27
29/07/2018 | 12:33:07.300 | -16.68 41.77 145.8 |3.2 18.35 13.21 |13.73 0.17 0.12
20/11/2018 | 19:33:32.390 | -13.25 41.56 15.0 4.6 0.0 19.7 10.9 0.0 0.18
21/02/2019 | 09:37:17.290 | -21.06 40.88 15.0 4.5 16.91 34.7 38.1 0.15 0.33
13/04/2019 |09:21:04.460 |-19.94 42.32 19.4 3.5 14.04 41.7 45.5 0.13 0.4

13/05/2019 | 14:59:45.000 |-19.92 41.02 0.01 4.7 22.66 53.5 57.4 0.2 0.51
13/05/2019 | 14:59:45.000 |-19.8 41.2 160.1 4.0 13.87 1937 |12.75 0.12 0.19
31/07/2019 | 08:18:58.550 | -23.84 40.42 77.6 4.0 16.34 1536 |11.81 0.15 0.15
08/10/2019 |21:50:17.890 | -12.09 43.11 76.7 4.5 17.28 13.68 |22.65 0.16 0.13
08/10/2019 |21:50:21.550 | -13.08 42.03 167.6 |4.4 16.72 17.62 | 14.75 0.15 0.16
14/10/2019 | 18:16:56.610 |-17.8 42.16 22.1 34 200.55 |754.5 |55.1 1.81 7.14
30/10/2019 | 16:21:58.100 | -13.66 46.05 249.2 |35 14.89 19.86 |14.84 0.13 0.18
20/11/2019 | 18:33:19.680 | -17.57 42.17 15.6 3.6 45.16 61.5 83.8 0.41 0.58
21/11/2019 | 02:39:10.170 | -18.01 40.57 0.2 33 38.61 61.6 67.7 0.35 0.58
04/12/2019 | 11:58:34.250 | -17.34 42.42 0.01 3.6 261.5 965.1 |13.92 2.36 9.11
11/03/2020 |22:09:16.130 |-20.22 41.96 15.0 3.6 40.29 252.0 |301.4 0.36 242
18/03/2020 |22:06:58.080 |-15.68 41.86 18.9 3.6 36.46 104.1 |96.4 0.33 0.97
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01/04/2020 |22:18:21.990 | -13.7 41.38 76.5 4.8 656.09 |598.7 |[11.77 591 5.55
25/04/2020 |03:52:25.600 | -20.35 40.78 163.0 [4.7 19.08 12.4 12.9 0.17 0.12
01/05/2020 |23:20:34.340 | -17.76 42.32 0.1 3.1 0.0 10.21 |28.44 0.0 0.1

16/05/2020 |16:49:10.550 |-20.82 41.29 260.1 (3.2 15.03 10.51 |15.57 0.14 0.1

17/05/2020 |08:14:38.590 |-20.55 41.96 0.1 3.0 0.0 17.08 |21.96 0.0 0.16
29/05/2020 |21:51:14.730 | -16.35 41.93 262.5 (3.0 12.85 10.37 |22.19 0.12 0.1

11/06/2020 | 14:52:03.650 | -16.95 42.08 22.1 33 98.68 121.6 |293.2 0.89 1.15
14/06/2020 |01:25:19.240 |-16.89 42.14 0.1 3.5 46.95 64.9 84.3 0.42 0.61
30/06/2020 |21:54:24.690 | -19.49 42.79 513 3.6 12.52 14.97 |16.02 0.11 0.14
05/08/2020 | 03:02:04.070 | -11.57 42.05 2633 |39 13.64 19.72 |29.25 0.12 0.18
11/08/2020 |05:10:27.190 |-14.58 41.0 75.5 52 13.23 15.19 |24.06 0.12 0.14
12/08/2020 |(17:13:31.470 |-8.07 41.26 37.9 4.9 11.2 13.38 |28.86 0.1 0.12
12/08/2020 |18:01:45.640 |-7.59 41.61 78.5 5.0 15.11 14.17 |14.44 0.14 0.13
13/08/2020 | 14:55:09.890 |-8.36 40.74 389 4.7 620.89 |272.6 [27.9 5.59 2.48
13/08/2020 |14:55:13.730 |-8.29 41.78 15.0 4.5 56.58 97.7 50.0 0.51 0.89
20/08/2020 | 08:58:04.050 | -11.96 41.86 15.0 32 24.56 31.7 50.0 0.22 0.29
18/09/2020 |05:39:43.110 | -21.65 40.81 11.1 34 64.81 181.9 |213.5 0.58 1.76
21/09/2020 | 04:11:21.150 | -20.48 41.61 42.0 3.7 29.41 18.6 27.9 0.26 0.18
21/09/2020 | 09:37:51.490 | -20.69 42.09 432 3.6 35.25 33.6 91.4 0.32 0.32
21/09/2020 | 09:56:54.010 | -20.45 42.37 78.1 2.9 18.18 18.61 |10.14 0.16 0.18
21/09/2020 | 14:22:25.390 | -20.63 41.72 27.4 3.6 17.32 87.4 169.4 0.16 0.84
06/10/2020 | 19:11:51.390 | -8.56 40.59 454 4.8 111.41 |109.2 |[54.5 1.0 0.99
25/10/2020 | 15:45:27.860 | -17.48 42.13 1.3 2.8 90.36 168.5 |227.9 0.81 1.59
28/10/2020 |01:28:33.150 | -19.67 43.21 0.5 2.6 170.49 |974.6 |28.79 1.54 9.32
10/11/2020 |02:40:13.310 |-20.46 41.83 15.0 33 0.0 16.01 |25.5 0.0 0.15
20/11/2020 |13:06:25.510 |-18.26 42.25 27.5 3.1 160.44 |806.7 [29.39 1.45 7.65
02/12/2020 |01:36:53.370 | -21.18 41.06 29.5 3.7 0.0 18.66 |13.7 0.0 0.18
02/12/2020 |01:36:54.070 | -21.25 41.07 176.1 3.5 11.1 12.28 |18.54 0.1 0.12
16/12/2020 | 04:50:59.890 | -20.18 42.86 0.5 3.1 0.0 10.58 |20.93 0.0 0.1
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16/12/2020 |04:51:00.970 |-19.12 42.43 119.7 (3.0 18.07 18.96 |16.36 0.16 0.18
06/01/2021 | 03:17:32.270 | -23.11 40.1 15.0 3.7 0.0 11.56 |20.4 0.0 0.11
16/01/2021 |10:09:15.290 |-13.9 43.94 15.0 33 19.51 15.0 50.0 0.18 0.14
25/01/2021 | 04:01:51.130 | -20.44 41.9 15.0 3.4 5.48 29 50.0 0.05 0.03
01/02/2021 |23:52:05.610 | -21.76 36.39 0.01 39 0.0 11.56 |16.23 0.0 0.11
02/02/2021 |01:06:14.340 | -21.21 36.29 0.01 3.7 29.02 601.1 [69.2 0.26 5.81
28/02/2021 | 08:31:04.660 | -23.29 40.6 180.6 [4.0 11.87 18.93 {20.79 0.11 0.19
04/03/2021 | 06:20:07.000 | -17.29 42.06 41.9 3.6 8.02 4.9 11.8 0.07 0.05
30/03/2021 | 08:45:55.500 | -20.45 42.06 0.01 33 52.5 273.1 |238.1 0.47 2.63
09/04/2021 | 16:46:14.440 | -20.79 45.08 41.0 3.1 7.2 21.0 23.25 0.06 0.2

17/06/2021 |16:26:16.840 |-19.46 42.61 1493 (3.2 16.33 18.71 |26.07 0.15 0.18
25/06/2021 |22:29:14.380 | -19.95 42.53 0.01 2.7 222 1753 |174.7 0.2 1.68
08/07/2021 | 04:21:32.500 | -19.52 40.36 13.9 3.7 15.79 43.1 50.9 0.14 0.41
14/07/2021 |22:29:48.100 | -18.57 44.72 61.6 2.6 6.27 7.4 23.0 0.06 0.07
19/07/2021 |09:23:58.860 |-17.05 433 54.9 3.7 14.27 5.8 10.7 0.13 0.05
04/08/2021 | 12:10:12.430 | -23.31 41.27 15.2 3.6 42.07 38.9 50.0 0.38 0.38
10/08/2021 |23:56:48.960 |-19.56 42.63 97.9 3.5 11.61 19.3 26.16 0.1 0.18
16/08/2021 |16:24:23.490 | -22.35 40.24 78.4 3.1 21.01 80.4 15.18 0.19 0.78
20/08/2021 | 10:41:41.900 |-15.61 42.09 220.5 [4.6 12.29 10.77 |15.8 0.11 0.1

23/08/2021 |10:29:36.490 | -21.15 41.07 23.6 3.6 62.17 343 50.0 0.56 0.33
23/08/2021 | 14:17:59.270 | -17.87 422 0.01 29 0.0 1599 |28.19 0.0 0.15
31/08/2021 | 18:52:55.290 | -9.67 44.66 0.01 32 136.3 85.7 151.7 1.23 0.78
15/09/2021 |01:30:36.800 |-19.91 41.99 36.0 39 11.7 19.1 62.2 0.11 0.18
20/09/2021 | 04:36:46.070 | -10.47 43.55 77.6 3.6 116.32 | 103.5 |86.1 1.05 0.95
22/09/2021 | 08:30:54.400 | -21.55 44.4 1224 (2.7 12.49 14.1 25.11 0.11 0.14
03/10/2021 | 06:57:01.450 | -22.23 39.81 78.4 3.8 13.14 15.09 |28.15 0.12 0.15
04/10/2021 | 09:19:39.120 | -20.27 41.63 15.0 2.7 43.93 19.1 50.0 0.4 0.18
05/10/2021 |21:38:03.840 | -23.5 39.0 162.6 (3.2 11.08 10.31 |22.73 0.1 0.1

11/10/2021 | 12:33:22.900 |-13.5 46.42 37.8 3.0 13.75 84.7 19.9 0.12 0.78
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23/10/2021 |01:31:01.760 | -19.17 42.42 56.7 32 31.98 5.8 9.5 0.29 0.06
05/11/2021 | 06:37:32.220 | -23.32 42.37 0.4 32 52.52 78.2 109.3 0.47 0.77
09/11/2021 | 13:12:23.410 | -16.21 43.36 55.3 29 0.0 1732 |19.9 0.0 0.16
22/11/2021 | 00:47:59.910 | -17.69 41.94 14.1 3.5 28.76 53.0 71.6 0.26 0.5

24/11/2021 | 05:43:08.510 |-12.43 42.68 68.3 39 15.23 14.28 |10.51 0.14 0.13
27/11/2021 |23:08:09.280 |-19.6 42.93 94.6 3.5 15.61 17.71 |19.88 0.14 0.17




