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Quito, la capitale de l'Equateur peuplée de plus de 2.6 M d'habitants est exposée à un aléa sismique fort. Cette ville est construite sur un bassin sédimentaire capable dans certaines zones d'amplifier les ondes sismiques à basse fréquence. Pour étudier la réponse sismique de ce bassin, 20 stations sismiques à large et moyenne bande ont été déployées entre mai 2016 et juillet 2018 dans la zone urbaine de Quito, qui ont enregistré en continu la sismicité et le bruit sismique ambiant.

Dans cette étude, nous profitons d'abord des données obtenues pour estimer les variations spatiales et temporelles du bruit sismique ambiant, calculer les rapports spectraux horizontaux sur verticaux (HVSR), et obtenir la distribution des fréquences de résonance de l'ensemble du bassin. Nous réalisons ensuite des fonctions de corrélation croisées multi-composantes pour obtenir des courbes de dispersion des vitesses de phase. Une inversion conjointe de ces courbes et des rapports HVSR nous permet d'obtenir des profils de vitesse d'ondes S sous chaque station et de mettre en évidence une nette différence structurale entre les parties nord et sud de Quito. Pour l'expliquer, nous privilégions l'hypothése d'un socle rocheux qui s'étendrait sous la totalité du bassin de Quito et de la présence d'une formation d'origine volcanique dans le nord et le centre du bassin. Les réflexions d'ondes de volume obtenues à partir des autocorrélations de la coda des ondes P et du bruit sismique ambiant confirment cette hypothèse.

La couche volcanique identifiée pourrait ainsi jouer le rôle d'un isolateur sismique naturel qui protègerait les parties centrales et nord de la ville de la forte amplification basse fréquence qui existe dans le sud.

Ces résultats constituent le premier modèle de vitesse jusqu'à 1 km de profondeur du bassin de Quito, une zone urbaine très peuplée et exposée à un risque sismique élevé.
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Introduction

The northern Andes is an area of complex tectonics due to the interaction between Nazca, South American, and Caribbean plates (e.g., [START_REF] Jaillard | Accreted oceanic terranes in Ecuador: southern edge of the Caribbean Plate?[END_REF].

The oblique convergence of the Nazca oceanic plate beneath the South American continental plate (fig. 1.1) is partitioned between the westward slip of the subduction interface and the northward escape of the North Andean sliver (NAS). The NAS movement is predominantly accommodated by a regional system of dextral faults (e.g., [START_REF] Alvarado | Partitioning of oblique convergence in the Northern Andes subduction zone: Migration history and the present-day boundary of the North Andean Sliver in Ecuador[END_REF]), starting at the southern boundary of the Caribbean plate in Venezuela, running across Colombia along the foothills of the Eastern Cordillera, entering into Ecuador where it crosses the Andean cordillera before finally reaching the Gulf of Guayaquil (e.g., [START_REF] Alvarado | Neotectonics and kinematics of continental deformation in Ecuador[END_REF][START_REF] Alvarado | Partitioning of oblique convergence in the Northern Andes subduction zone: Migration history and the present-day boundary of the North Andean Sliver in Ecuador[END_REF] In Ecuador, this regional fault system has been named the Chingual-Cosanga-Pallatanga-Puná (CCPP, fig. 1.1) fault system regarding its segments [START_REF] Alvarado | Partitioning of oblique convergence in the Northern Andes subduction zone: Migration history and the present-day boundary of the North Andean Sliver in Ecuador[END_REF]. With significant seismic hazards shown by large historical earthquakes [START_REF] Beauval | Locations and magnitudes of historical earthquakes in the Sierra of Ecuador (1587-1996)[END_REF], crustal fault systems are also found west and east of CCPP major fault system.

This complex geodynamic makes Ecuador a country with high seismic activity, with at least five large megathrust earthquakes (Mw+ 7.5) observed in the 20th century. Quito, the capital city of Ecuador, is located in the interandean depression (ID), 180 km from the subduction zone. This city is exposed to a high seismic hazard due to its proximity to the Pacific subduction zone and active crustal faults (fig. 1.1), both capable of generating significant earthquakes. Furthermore, the city is located in an intermontane piggyback basin prone to seismic wave amplification. Therefore, it is essential to better understand the threats to anticipate future strong ground motions. In this context, this thesis work is situated, which aims to understand and evaluate the effects of the seismic waves on the Quito basin.

Quito city and site effects

The city of Quito, the capital of Ecuador, is located in the Quito basin. Elongated in the north-south direction and with an area greater than 325 km 2 , this city limits to the west with the Pichincha Volcano's slopes and in the east with a series of small hills, morphological expressions of the Quito Fault System (QFS, figs. 1.1 and 1.2).

The old part of the city is located in the central zone and includes many historic structures (red area in fig. 1.2a). Modern Quito extends to the north with mainly reinforced concrete structures, including high-rise buildings and residential and commercial areas. In the southern and far northern parts of Quito city and site effects the city, there are many non-engineered reinforced concrete structures of one to three stories [START_REF] Chatelain | Earthquake risk management pilot project in Quito, Ecuador[END_REF][START_REF] Villacís | Use of seismic microzoning for risk management in Quito, Ecuador[END_REF].

In recent years, the city of Quito has experienced explosive growth, going from around 0.850 million inhabitants in 1988 to more than 2.6 million in 2020 1 (fig. 1.2b). The explosive growth has resulted in raised urban densities, which, linked to a disorderly expansion, has augmented poorly constructed buildings and development in hazardous areas such as steep mountain slopes (fig. 1.3). In addition, high-rise buildings that did not exist in the 1950s (fig. 1.2a) have spread in the northern lower lands due to a more dynamic economy [START_REF] Chatelain | Earthquake risk management pilot project in Quito, Ecuador[END_REF][START_REF] Villacís | Use of seismic microzoning for risk management in Quito, Ecuador[END_REF]. As a result of this spectacular growth, uncontrolled building practices have developed, and apart from the city's large modern structures, most dwellings in Quito were built without engineering guidelines.

The population explosion has also created a need to reform the city's transport infrastructure. Having moved its airport out of the city center, Quito will open a metro line in 20222 , nine years after the first phase of construction began. The line will run through the city from north to south, at a depth around of 20 meters.

Nevertheless, in the last 250 years, the city of Quito has been shaken by many large earthquakes, including four events that produced ground tremors so strong that residents reported difficulty standing at the time of the shake [START_REF] Chatelain | Earthquake risk management pilot project in Quito, Ecuador[END_REF]. These four earthquakes occurred in 1755, 1797 (Riobamba earthquake, 160 km south-east of Quito, [START_REF] Beauval | Locations and magnitudes of historical earthquakes in the Sierra of Ecuador (1587-1996)[END_REF], 1859 (Quito earthquake, [START_REF] Beauval | Locations and magnitudes of historical earthquakes in the Sierra of Ecuador (1587-1996)[END_REF], and 1868 (Ibarra earthquake, 80 km north-east of Quito, [START_REF] Beauval | Locations and magnitudes of historical earthquakes in the Sierra of Ecuador (1587-1996)[END_REF], when Quito was significantly smaller in population and much less developed than it is today. Due to these recent dramatic changes, past disasters cannot be used to assess the impact of the next destructive earthquake on modern Quito.

In this context, understanding seismic wave amplification in Quito is essential to define seismic hazards and better predict strong ground motions. The first attempts to characterize the spatial variability of ground movement in an earthquake were carried out in the 1990s [START_REF] Chatelain | Earthquake risk management pilot project in Quito, Ecuador[END_REF][START_REF] Villacís | Use of seismic microzoning for risk management in Quito, Ecuador[END_REF], zoning the city's soil based on topographical characteristics supplemented with information from drilling. However, [START_REF] Villacís | Use of seismic microzoning for risk management in Quito, Ecuador[END_REF] found two problems when modeling the deep soil structure: (1) The drilling data used did not exceed 10-15 m in depth; (2) available geological maps of the region do not provide enough information to define the deep soil structure model.

In the 2000s, [START_REF] Guéguen | An indication of the soil topmost layer response in Quito (Ecuador) using noise H/V spectral ratio[END_REF] performed ambient seismic vibration measurements at 673 sites along the city using three-component seismic sensors of 1 Hz, and the authors observed one frequency peak around 1-2 Hz at most sites. Subsequently, [START_REF] Alfonso-Naya | A Large Earthquake in Quito ( Ecuador ) : Ground Motion Simulations and Site Effects[END_REF], based on the analysis of HVSR curves determined through measurements made using earthquakes and ambient vibrations, found a low-frequency amplification in the southern part of the city (0.35 Hz). Recently, Laurendeau et al. (2017) analyzed earthquake recordings of the National Strong Motion Network (RENAC) operated since 2010 in Quito by the Instituto Geofisico -Escuela Politecnica Nacional (IG-EPN). They identified a basin response that varies between the northern and southern parts of the city. For all the southern stations, the authors found low-frequency waves' amplification (around 0.3-0.4 Hz). This different seismic response in the northern and southern parts of the basin was confirmed by the largest earthquake recorded by the network (Pedernales earthquake, 16 April 2016, Mw 7.8), with larger amplitudes and much longer durations in the southern part of the city, and numerical simulations carried out by [START_REF] Courboulex | Ground motion simulations in Quito (Ecuador) due to major earthquakes from the subduction zone[END_REF] confirm that a subduction earthquake with a magnitude between 8. 4 -8.8 (type 19064 -8.8 (type , Yoshimoto et al. 2017) ) generates large amplitudes at around 0.3 Hz south of Quito.

Introduction

Casitagua

These observations and data on historical seismicity and structure vulnerability point to the need to understand the fundamental parameters that control amplification in the QB. That is why studies on identifying the thickness and the shear-wave velocities of the infilling material and the seismic bedrock's geometry are essential.

Quito basin

The Quito basin (QB) is a sedimentary basin in Ecuador (fig. 1.4) capable of generating ground motion amplifications when seismic waves propagate through it [START_REF] Guéguen | An indication of the soil topmost layer response in Quito (Ecuador) using noise H/V spectral ratio[END_REF]Laurendeau et al. 2017). The basin is located in the north Andean sliver, at about 180 km from the Pacific subduction zone and close to active crustal faults, both sources capable of generating significant earthquakes (fig. 1.1).

QB is situated at 2800 meters above sea level, on a structural bench, along the western border of ID (figs. 1.1 and 1.4). Volcanic complexes border Quito as the Pichincha volcanic complex (PVC, Rucu and Guagua Pichincha), whose last eruption occurred in 2001 (Guagua Pichincha in fig. 1.4, Robin et al. 2010). Beneath the basin, the subduction interface is located at a depth around 120 km, without known influence on superficial tectonics of the upper plate [START_REF] Font | Seismicity patterns along the Ecuadorian subduction zone: new constraints from earthquake location in a 3-D a priori velocity model[END_REF][START_REF] Guillier | Seismological evidence on the geometry of the Orogenic System in central-northern Ecuador (South America)[END_REF].

Stratigraphic studies (e.g., [START_REF] Lavenu | Stratigraphie des dépôts tertiaires et quaternaires de la dépression interandine d'Equateur (entre 0 • et 2 • 15'S)[END_REF][START_REF] Winkler | The Chota basin and its significance for the inception and tectonic setting of the inter-Andean depression in Ecuador[END_REF] suggest that the sedimentary sequences of the Quito basin lie on Cretaceous basement rocks, part of the Pallatanga Block; however, the evidence supporting this idea is scarce. There are no radiometric ages for the Pleistocene or older deposits near the QB, and the Quaternary stratigraphic sequences in the area are better described in the Guayllabamba Basin (figs. 1.4 and 1.5, Alvarado 2012;Alvarado et al. 2014;[START_REF] Lavenu | Stratigraphie des dépôts tertiaires et quaternaires de la dépression interandine d'Equateur (entre 0 • et 2 • 15'S)[END_REF].

The current stratigraphic knowledge is limited in the QB, and the descriptions found in the literature are from the first tens or hundreds of meters, thanks to stratigraphic outcrop observations and some previous geotechnical and geophysical investigations. From oldest to youngest, the Quaternary stratigraphic sequence is composed of the following lithological units (fig. 1.5): • Machangara undifferentiated volcanic sequences, composed mainly of volcanic deposits such as tuffs, lahars, lavas, and volcano sediments (Alvarado et al. 2014). Jaya (2009), based on fieldwork and lithological descriptions, shows that a volcanic avalanche associated with the Pichincha volcanic complex (250-150 kyr, [START_REF] Robin | New radiometric and petrological constraints on the evolution of the Pichincha volcanic complex (Ecuador)[END_REF]) covers the central and northern parts of the basin. Overlying the avalanche deposit are the units associated with the terminal development of Rucu Pichincha (Jaya 2009;[START_REF] Robin | New radiometric and petrological constraints on the evolution of the Pichincha volcanic complex (Ecuador)[END_REF]) that are characterized by the presence of lavas, pyroclastic flows of blocks and ash, in addition to reworked volcanic sediments.

1. Introduction (c) (d)
• Quito unit stratified sequences, composed of volcano-sediments and alluvial- type deposits. The age of these sequences has not been well determined. Within, a lava flow (El Batán) has been identified. This flow runs from west to east through the Quito basin. Jaya (2009) shows that this flow is around 270 meters deep in the El Ejido area (Quito center). Alvarado et al. (2014) dated the El Batán lava flow using the K/Ar method and obtained an age of around 600 kyr.

• Deposits of the Cangahua Formation are found above, which consist mainly of reworked tuffs, tephras, and sediments, in addition to incipient soils (Alvarado et al. 2014).

• Finally, layers of Holocene sediments cover the Cangahua formation in the basin. Lacustrine sequences and volcano sediments have been identified in different areas of the city (Alvarado et al. 2014).

As shown in the previous description, the nature, thickness, and ages of the deposits that fill the basin are poorly known, and the spatial extensions (horizontal and vertical) of the of sedimentary infilling are highly heterogeneous.

Quito fault system

Among the various seismogenic sources capable of producing damages in and around Quito, the Quito fault system (QFS) is the one that is likely to produce the highest intensities in case of rupture, making this system the most potentially dangerous seismogenic source for the city (Alvarado et al. 2014).

Tectonically, this system of reverse faults runs through the basin in the NNE-SSW direction. The QFS consists of N-S striking, 45 • west-dipping blind thrust system. It outcrops at the surface as an en echelon segmented fold system with an overall length of around 60 km. Each segment has a main compressional and secondary dextral strike-slip component, evidenced by en echelon geometries (fig. 1.6).

In recent studies, Alvarado et al. (2014) and [START_REF] Mariniere | Geodetic evidence for shallow creep along the Quito fault, Ecuador[END_REF] report that the QFS accommodates an average of 3-5 mm yr -1 of horizontal shortening. Based on the analysis and modeling of GPS data and InSAR, a weak rate of elastic deformation accumulation and a shallow locking depth (less than 3 km) have been identified. Moreover, an aseismic slip is taking place at shallow depths in the central segment of the QFS, and its associated shallow creep decreases from the center towards the south and north segments of the fault system, suggesting a heterogeneous strain accumulation in the fault system [START_REF] Mariniere | Geodetic evidence for shallow creep along the Quito fault, Ecuador[END_REF]. [START_REF] Beauval | Locations and magnitudes of historical earthquakes in the Sierra of Ecuador (1587-1996)[END_REF] report that five earthquakes were felt in the city with MSK intensities in the VII-VIII range in the last 500 yr, most of them related to the Nazca Plate subduction zone. However, the authors mention a crustal event in 1587 probably related to the QFS with an estimated magnitude between 6.3 and 6.5. In general, the QFS produces moderate-size earthquakes with predominantly reverse focal mechanisms (Alvarado et al. 2014;[START_REF] Vaca | Active deformation in Ecuador enlightened by a new waveform-based catalog of earthquake focal mechanisms[END_REF], and since the development of the Ecuadorian seismological network in the early 1990s, seven earthquakes of magnitude larger than 4.0 have been recorded and located in the Quito area (Alvarado et al. 2018). Two of them had magnitudes greater than 5.0, one in 1990 (Mw 5.3 in fig. 1.6) and the other in 2014 (Mw 5.1 in fig. 1.6), both associated with the QFS [START_REF] Beauval | Probabilistic seismic-hazard assessment in Quito, estimates and uncertainties[END_REF]). Between 1994and 2009, Alvarado et al. (2014) reports that 1758 earthquakes with magnitudes between 3.0 and 5.3 with depths less than 40 km were recorded locally. These earthquakes were relocated along the QFS, under the basin, and in the Guayllabamba area, northeast of Quito (fig. 1.6). Most of these events had reverse fault mechanisms, except for strike-slip events located mainly near Guayllabamba. This microseismicity shows that high-angle reverse faults characterize the Quito system and that there is no evidence of basal decollement (Alvarado et al. 2014).

Methods

The spatial variability of the ground's motion from an earthquake results from different causes. Magnitude and distance, as well as seismic source complexity, heterogeneities of the propagation medium, incident waves interactions with Methods the topography's unevenness and basin's structural elements affect the ground motion. In urban areas, understanding seismic wave amplification is essential to define seismic hazard, and to better predict strong ground motions. For this the knowledge of sediment thickness and internal basin structure is required.

The seismic response of Mexico City is a case study that exemplifies the amplification of the ground motion due to local soil conditions (e.g., [START_REF] Cruz-Atienza | Long Duration of Ground Motion in the Paradigmatic Valley of Mexico[END_REF]) in an urban center; however, in the scientific literature, it is not the only example. Devasting earthquakes such as Kobe (1995, e.g., Takemiya and Adam 1997), Izmit (1999, e.g., Ergin et al. 2004), Tohoku (2011, e.g., Tsai, Bowden, and Kanamori 2017), among others, show how site effects such as amplification of seismic waves and long duration of signals occur within sedimentary basins. Several studies have been undertaken worldwide to detect and predict site effects in cities located in sedimentary basins and include these effects in the seismic risk building codes (e.g., Los Angeles -USA, [START_REF] Hough | The 1933 Long Beach Earthquake (California, USA): Ground Motions and Rupture Scenario[END_REF][START_REF] Olsen | Site Amplification in the Los Angeles Basin from Three-Dimensional Modeling of Ground Motion[END_REF].

Many methods are available in the literature to investigate the subsurface structure and have been developed primarily to obtain shear-wave velocities (V S ) profiles. Geophysical methods, such as active seismic surveys, are generally used to obtain high-resolution images of the subsurface. For example, seismic refraction experiments have been used to model and explore the Kanto Basin in Japan since the 1970s [START_REF] Kazuki | Three-dimensional topography of the sediment/basement interface in the Tokyo metropolitan area, central Japan[END_REF]. Due to the convenience and applicability of the method, the horizontal-to-vertical spectral ratios (HVSR, Nakamura 1989) have been widely used to capture the characteristics of site effects related to subsurface structures. Large-scale microtremor array exploration has also been widely used to estimate V S profiles and has been conducted at several sites (e.g., Kanto or Los Angeles basins) and used to build 3D structural models (e.g., [START_REF] Koketsu | A proposal for a standard procedure of modeling 3-D velocity structures and its application to the Tokyo metropolitan area, Japan[END_REF][START_REF] Lin | High-resolution 3D shallow crustal structure in Long Beach, California: Application of ambient noise tomography on a dense seismic array[END_REF].

In urban environments, the high population density and building concentration make geotechnical (boreholes) and geophysical (active seismic) studies rather difficult and expensive to carry out. So recently, seismic interferometry based on the cross-correlation of microtremors or seismic noise has been used to model basin structures (e.g., [START_REF] Gerstoft | Green's functions extraction and surface-wave tomography from microseisms in southern California[END_REF][START_REF] Shapiro | Highresolution surface-wave tomography from ambient seismic noise[END_REF] and to check pre-existing models [START_REF] Chimoto | S-Wave velocity structure exploration of sedimentary layers using seismic interferometry on strong motion records[END_REF].

A variation of the cross-correlation technique is obtained when the distance between two receivers is reduced to zero (auto-correlation) and provides zerooffset Green's function. Auto-correlation has been performed to estimate crustal structures using P-coda of teleseismic events, for example in Antarctica, to estimate the variable thickness of the ice cap [START_REF] Pham | Antarctic Ice Properties Revealed From Teleseismic P Wave Coda Autocorrelation[END_REF][START_REF] Pham | On the feasibility and use of teleseismic P wave coda autocorrelation for mapping shallow seismic discontinuities[END_REF]. Seismic bedrock depth has also been estimated in sedimentary basins using ambient noise autocorrelations, for example in Ebro Basin -Spain [START_REF] Romero | Mapping the Basement of the Ebro Basin in Spain With Seismic Ambient Noise Autocorrelations[END_REF], and P-coda auto-correlations of local earthquakes or strong motion records to image the plate boundary zone in Alaska (e.g., [START_REF] Kim | Enhanced Resolution of the Subducting Plate Interface in Central Alaska From Autocorrelation of Local Earthquake Coda[END_REF].

This thesis aims to apply seismic interferometry techniques tested in different geological environments and at different scales to obtain an image of the seismic bedrock in an urban environment such as the Quito basin and characterize the city 1. Introduction with the first V S profiles as a first step in understanding the current site effects. To achieve these objectives, we characterize the seismic noise within Quito and calculate the spectral relationships by determining the fundamental frequency throughout the city. We use the cross-correlation technique of continuous ambient seismic noise to obtain S-wave phase velocity dispersion curves, which we invert together with the HVSR curves to obtain 1D shear wave velocity profiles. The geometry of the seismic bedrock was inferred based on the 1D wave velocity profiles, and its interpretation was refined with the help of images obtained from seismic noise and P-coda autocorrections.

Thesis outline

The thesis is divided into seven chapters, organized as follows:

Chapter 2 presents a description of the seismic array of temporary stations (4BArray) used in this study. Ambient noise is characterized as well as its temporal and spatial variations.

Within chapter 3, this study took advantage of the spatial layout of the seismic array, and HVSR curves were calculated along and across the Quito basin, spatially characterizing the fundamental frequency in the basin.

In order to obtain the first S-wave velocity profiles in the Quito basin that allow us to seismically characterize the bedrock, in chapter 4, this work cross-correlates seismic stations operating simultaneously to retrieve interstations surface wave Green's functions in the frequency range of 0.1 -2.0 Hz. Then Love wave phase-velocity dispersion curves were calculated and inverted in conjunction with the HVSR curves to obtain shear-wave velocity profiles throughout the city.

Chapter 5 uses seismic noise and P-coda autocorrelations to more accurately imagine the bedrock, focusing on the geometry that follows in a north-south direction.

The general results of this study, along with one-dimensional S-wave models and their possible interpretations, are presented in chapter 6.

Finally, chapter 7 highlights the conclusions corresponding to this work's most important findings and contributions.

Chapter 2

Quito seismic experiment

Network deployment

Between May 2016 and July 2018, 20 broad and medium frequency band threecomponent seismological stations were deployed progressively throughout the city to record earthquakes and ambient seismic noise for a year or more (referred from here as the 4BArray, [START_REF] Mercerat | ANR-remake Quito basin (Remake Quito), International Federation of Digital Seismograph Networks[END_REF]). The 4BArray installation was developed in three phases, looking for open spaces and considering the results obtained by Laurendeau et al. (2017). The sites were chosen, taking into account the seismic noise level at each place and reasonable security conditions. Inter-station distances of the 4BArray ranged from 1.8 to 32 km (see fig. 2.1 and table 2.1). The altitude difference between the highest (ROQE) and lowest (PUEM) stations was 780 meters. Stations located in the south were, on average, 100 meters higher than the stations located in the northern part of the city (table 2.1).

The 4BArray equipment was heterogeneous for the entire network. It consisted of: 16 stations of medium frequency band velocity sensors (Guralp CMG-40T 5s), 10 of them had a 24-bit ADC Guralp acquisition and digitization system (CMG DM24), and 6 of them had a 24-bit ADC Agecodagis acquisition and digitization system (Kephren). Four stations were equipped with a broadband velocity sensor (Nanometrics Trillium Compact 120s) and a 24bit ADC Reftek acquisition and digitization system (RT 130) (table 2.1). The velocity sensors were oriented almost exactly towards magnetic north and buried 50 to 80 cm below the ground surface. They were placed over a 3 cm thick granite plate and entirely covered by the ground soil. In all cases, special care had been taken to obtain the best possible stability and thermal insulation of the sensors. All digitizers were continuously synchronized using GPS antennas, and data were recorded continuously at a sampling frequency of 200 Hz and collected from the field every three months maximum. Each sensor-digitizer pair was powered by a battery continuously recharged by a solar panel.

Seismic data base

The acquired raw data was converted and organized into a 1-day-long mseed database following the recommendatations of the International Federation of Digital Seismograph Networks (FDSN). Instrumental responses, as well as the descriptions of seismic stations (metadata) were organized in StationXML format.

Figure 2.2 shows the data availability for 4BArray stations. ARGE, CRON, DELA, JBPC, PARU, QUIB, and ROQE were operational for around two years The loss of seismic data was significantly associated with problems in the power supply system. This is observed in ARGE, CRON, CSEK, and CRON, where data are only recorded in day-hours and lost in night-hours for some periods. Reboot and misconfiguration of some digitizers and timing issues also contributed to data incompleteness. Altogether, the 4BArray seismic database consists of 9497 three-component (east, north, vertical) traces, occupying a disk size of 1.2 Tb (fig. 2.2).

Seismic noise background

As part of our standard quality control procedure in seismic data, the background noise Power Spectral Density (PSD) is estimated systematically for all the stations of the 4BArray. It is statistically analyzed to compute Probability Density Functions (PDFs). These PDFs provide a valuable tool for monitoring the array performance, allowing identification of stations having anomalous noise levels, and investigating significant sources of noise at different frequency bands and variations of background seismic noise associated with seasonality, day time, among others.

Methodologically, we compute hourly PSDs and their PDFs. Continuous three-component (east, north, vertical) seismic data acquired in the 4BArray is analyzed following the process detailed in McNamara and Buland (2004) and Nakata, Gualtieri, and Fichtner (2019). We parse 1-day-long files, for each station component, into 1-hour time segments. To further reduce the final PSD estimate variance, each 1-hour segment is divided into 13 sub-segments, overlapped by 75 percent.

We compute the spectrum in each of the 13 sub-segments; individual spectrums are then averaged together to estimate the hourly PSD. We remove the nominal instrumental response to attain hourly PSD in ground motion units, expressed in decibels (dB) with respect to acceleration (0 dB = 1 m 2 /s 4 /Hz). Acceleration PSD is a standard format for referencing noise at a seismic station to both global background noise models (Peterson 1993) and self-noise models of seismic instrumentation (e.g., Ringler and Hutt 2010). Once the hourly PSDs are calculated, to reduce the number of samples, we use one octave of data around each extracted frequency at one octave intervals. The daily PDFs are an aggregate of 47 PSDs, each representing 60 minutes of ground motion and overlapping with the next hourly PSD by 30 minutes. We obtain the daily representative spectrum (statistical mode) by extracting the most frequent noise level for each frequency from daily PDFs.

To fully characterize the seismic noise levels, we generate long-term PDFs from hundreds of hourly PSDs processed using the method described before for each station component. The long-term representative spectrums are computed from long-term PDFs. New Low Noise Model (NLNM) and New High Noise Model (NHNM) (Peterson 1993) are used as a reference to assess the quality of the chosen sites. For the computations, we use an open-source bundle of three highly configurable Python scripts (Noise Toolkit NTK from [START_REF] Hutko | Data products at the IRIS-DMC: growth and usage[END_REF].

Figure 2.3 shows a comparison of the long-term PDFs for nine seismic stations of the 4BArray. Long-term PDFs better represent the significant background noise level, as they correspond to the highest probability power level at each frequency bin. However, long-term PDFs curves could display bimodal distributions (e.g. [START_REF] Díaz | Background Noise Characteristics at the IberArray Broadband Seismic Network[END_REF], especially for higher frequencies, as seen at vertical component in PUEM in fig. 2.3. These jumps are mainly related to significant diurnal variations in the cultural noise, leading to two noise levels with similar probability. At low frequencies, these jumps are present in stations composed of broadband sensors (T=120 s, PARU, and SOCA in fig. 2.3), and in our case, they seem to be related to day-night temperature variations. Median and average curves produce smoother results, which prevents these jumps from occurring. However, noise levels are overestimated, making the long-term PDFs curves the best option to analyze variations in background seismic noise (e.g. [START_REF] Díaz | Background Noise Characteristics at the IberArray Broadband Seismic Network[END_REF].

For frequencies between 0.1 and 1 Hz, the representative spectra are within the zone defined by NLNM and NHNM levels for all the stations. On seismic stations composed of medium frequency band sensors (T=5 s, all with exception of PARU and SOCA in fig. 2.3), the instrumental noise increases at frequencies lower than 0.1 Hz, and the horizontal components overcome the NHNM level for frequencies less than 0.05 Hz. Conversely, for the stations with broad-band sensors (PARU and SOCA in Fig. 2), the power level in the primary microseism band (0.05 -0.07 Hz) is well under the NHNM level.

For frequencies greater than 1 Hz, all stations exhibit noise levels higher than the NHNM level (fig. 2.3), which have been related to the anthropic activity 2. Quito seismic experiment in highly urbanized areas [START_REF] Boese | Analysis of anthropogenic and natural noise from multilevel borehole seismometers in an urban environment, Auckland, New Zealand[END_REF][START_REF] Díaz | Urban seismology: on the origin of earth vibrations within a city[END_REF]McNamara and Buland 2004).

Spatial variability

To study the seismic noise variation as a function of geographic location, we have mapped the long-term PDFs for stations across the 4BArray in four frequency bands (0.1-0.3, 0.3-1.0, 1.0-3.0 and 3.0-10.0 Hz). We generally observe that the noise levels in the horizontal components (east and north) are higher than in the vertical component.

For frequencies < 1 Hz, the points with the highest noise levels are located in the south of the city (ARGE, QUIB, HLUZ in frequency bands 0.1-0.3 and 0.3-1.0 Hz, fig. 2.4), and stations located on the western edge of the basin have the lowest levels (DELA,PARU,ROQE,and HSUR in fig. 2.4). This behavior draws attention since secondary microseism dominates the records between 0.1-0.3 Hz (e.g. [START_REF] Gualtieri | Generation of secondary microseism Love waves: effects of bathymetry, 3-D structure and source seasonality[END_REF]Nakata, Gualtieri, and Fichtner 2019), and it would not be expected to be a significant difference in the noise level between stations as ROQE and ARGE (7 km apart,fig. 2.4).

For frequencies > 1 Hz, cultural noise dominates signals. The farthest point from the city center and with the lowest noise level is PUEM (frequency bands 1.0-3.0 and 3.0-10.0 Hz, fig. 2.4). ROQE, CSEK, and SVAC, also far from the city center, have low noise levels too. QUEM, OBSA, and JBPC, located in the large population center, have the highest noise levels (fig. 2.4).

In a simple form, fig. 2.4 highlights the different behavior observed at low frequencies by Laurendeau et al. (2017) between the northern and southern parts of the basin.

Diurnal variations

To analyze seismic noise sub-daily variations, such as anthropogenic influences due to night-day differences, we accumulate the PSDs in hourly bins and compute PDFs for each hour of the day over a year (July 2017 -July 2018) for all station components. We also plot the PDF of representative spectra as a function of the hour [in Coordinated Universal Time (UTC) and local time (LT)] at stations ARGE, DELA, OBSA and PUEM (fig. 2.5). At lower frequencies (< 1 Hz), the noise levels in the horizontal components (east and north) are higher than in the vertical. We observe this behavior in all 4BArray stations in this frequency band.

At high frequencies (> 1 Hz), the most prominent sources of noise are the human activities (road traffic, machinery) that transmit energy into the Earth. This so-called cultural noise propagates mainly as high-frequency surface waves. This kind of noise usually presents a diurnal variation pattern associated with most human activity/rest periods (e.g. [START_REF] Boese | Analysis of anthropogenic and natural noise from multilevel borehole seismometers in an urban environment, Auckland, New Zealand[END_REF][START_REF] Díaz | Urban seismology: on the origin of earth vibrations within a city[END_REF][START_REF] Díaz | Background Noise Characteristics at the IberArray Broadband Seismic Network[END_REF]McNamara and Buland 2004).

Diurnal variations in the background seismic noise level for frequencies higher than 1 Hz are easily observed in fig. 2.5 and in every 4BArray's station. These q q -78. 7 -78.6 -78.5 -78.4 -78.3 -78.7 -78.6 -78.5 -78.4 -78.3 -78.7 -78.6 -78.5 -78.4 -78.3 0.1-0.3 Hz variations appear in the hourly PDFs as a relative noise increase during the daylight working hours in the order of 15 -20 dB. For example, in fig. 2.5, we observe a decrease in the noise level in PUEM between 01-and 10-hours UTC (20and 05-hours LT) for frequencies higher than 5 Hz, while in DELA and OBSA, the seismic noise decreases between 04-and 08-hours UTC (23-and 03-hours in LT) for frequencies greater than 1 Hz. These high frequency variations are also present in the long-term PDFs as two branches of a relatively high probability of PSDs (for example vertical component in PUEM, fig. 2.3).

Seasonal variations

Seasonal variations were processed in the same manner as diurnal variations. We compute separate PSDs for each day over a year (July -July 2018), and then we compute the daily PDFs.

Figure 2.6 is a plot of the seasonal noise variation for some stations of the 4BArray where some interesting patterns are shown. At frequencies less than 1 Hz, the spectrum is dominated by the double-frequency peak (secondary microseism) that in our data is present in the band between 0.1 and 0.3 Hz.

No correlations are observed between the rainy period (approximately January -April) and the noise level in this frequency band. However, the noise level is far from constant throughout the year. Temporal variations are observed where the noise level increases between 5 and 10 dB, especially in the horizontal components, where it is recorded with higher energy (figs. 2.6 and 2.7). In the vertical component, the variations in the noise level in this frequency band are very similar throughout the entire basin (frequency band 0.1-0.3 in fig. 2.7a). Variations in the energy second microseism have been correlated with storms (Nakata, Gualtieri, and Fichtner 2019), in our case, possibly from the Pacific Ocean.

At frequencies greater than 1 Hz, no correlations are observed between rainy or dry seasons and the increase in noise levels. However, the spectrum is dominated by human activity (fig. 2.6). Weekdays and weekends can be identified (figs. 2.6 and 2.7). Moreover, variations in the noise level associated with national holidays in Ecuador can also be found within this frequency band. For example, if we zoom in on the lower panel of fig. 2.7a (black rectangle) between November 30, 2017, and January 25, 2018, it can be seen that on weekends the noise in this band decreases on average 5 dB compared with weekdays (fig. 2.7b). However, it can also be noted that on December 6 (Wednesday), the foundation of Quito, there was a decrease of approximately 3 dB in noise level. December 25 (Christmas Monday) and January 1 (New Year Monday) are the days of the period studied in which the noise reached its lowest levels (fig. 2.7b) in this frequency band.

Quality assesment

Information on noise levels at seismic stations, obtained from PSDs of waveform data, is being used to characterize the stations' performance and for detecting potential operational and/or instrumental station problems.

The frequency range between 0.01 and 0.1 Hz is not of interest to our study because of the very high instrumental noise, mainly observed in the seismic stations with Guralp CMG-40T 5s sensors (fig. 2.3). Ambient noise from oceanic sources dominates the frequencies between 0.1 -1 Hz, even with the 4BArray seismic stations installed in a highly urbanized area. In this frequency band, representative PDF spectra is within the NLNM and NHNM curves calculated by Peterson (1993). The lack of seasonal variations indicates that oceanic noise sources were more or less stable during the study period. The cultural noise (e.g., [START_REF] Boese | Analysis of anthropogenic and natural noise from multilevel borehole seismometers in an urban environment, Auckland, New Zealand[END_REF][START_REF] Díaz | Urban seismology: on the origin of earth vibrations within a city[END_REF] dominates the frequency spectrum at high frequencies (approximately > 1 Hz). In this range, the spectrograms clearly show diurnal and weekly variations. From the analysis carried out, no problems were found in the instrumental responses of the stations. Some stations presented some issues. MAST and INCA showed anomalous behaviors in one of their horizontal components due to the decentration of one of their masses. Amplitudes at GARO in all frequency bands are significantly larger than in the rest of the 4BArray stations. The reason for this behavior appears to be related to the site where the station was installed.

Few stations presented GPS synchronization failures in some periods, which resulted in a small percentage of traces with unreliable times.

Local seismicity

Earthquake detection in urban areas is a challenging task due to the high noise level from human activity that contaminates and masks local earthquake signals, especially at high frequencies (> 1 Hz).

Local events are generally of small magnitude and are characterized by weak seismic records and low signal-to-noise ratio, making local arrays of seismometers, such as 4BArray, valuable tools in identifying and detecting them (e.g., Lythgoe et al. 2021-04).

In the Quito area, the monitoring, detection, and location of earthquakes are carried out routinely by the Instituto Geofísico -Escuela Politécnica Nacional (IG-EPN1 ) through a permanent network of seismic stations composed mainly of broadband seismometers located in the volcanic centers (e.g., Pichincha Volcanic Complex, PVC) with a network of strong-motion sensors within the basin (Alvarado et al. 2018).

Between May-2016 and July 2018, the IG-EPN permanent network detected and located 975 earthquakes in the Quito area (gray circles in fig. 2

.8a).

Approximately 55 percent of these earthquakes are located under the PVC, while the remaining events are mainly distributed to the city's north and east (around CRON and PUEM). The local earthquakes registered by the IGEPN were characterized by having magnitudes less than 2 (85 percent, fig. 2.8b) and depths less than 10 km.

Excluding the events associated with the PVC (located at longitudes less than -75.55, fig. 2.8c), only 39 local earthquakes were identified in 4BArray stations (red circles in fig. 2.8a). The magnitudes of this group of earthquakes were two or more (fig. 2.8b).

Detection and match filter

Based on the analysis of GPS data, [START_REF] Mariniere | Geodetic evidence for shallow creep along the Quito fault, Ecuador[END_REF] found evidence of creeping in the central segment of the QFS, so the detection and identification of repeating earthquakes would help to better understand this process. Repeating earthquakes rupture the same area of a fault and are caused by repeated accumulation and release of stress on the seismic patch in a creeping area (e.g., [START_REF] Uchida | Detection of repeating earthquakes and their application in characterizing slow fault slip[END_REF]. This relationship between repeaters and fault creep can be used for tracking the fault creep (slow slip) based on the repeaters' activity (e.g., Uchida 2019), so the detection and identification of repeaters is essential to understand slow slips. In the search for repeaters, a fundamental parameter is identifying earthquakes that re-rupture in the same area. The selections are usually made based on waveform similarity (e.g., [START_REF] Uchida | Detection of repeating earthquakes and their application in characterizing slow fault slip[END_REF].

In this context and to search for repeaters, each of the 39 earthquakes recorded in 4BArray was used to cross-correlate with successive temporal segments of the seismic database. Any segment of the continuous data stream that shows a high degree of similarity to the template or master waveform will result in a high correlation function value. This procedure is a matched filter or matched signal detector (e.g., [START_REF] Shearer | Global seismic event detection using a matched filter on long-period seismograms[END_REF].

Since most of the earthquakes recorded by 4BArray are located near PUEM, this station was taken as a reference (fig. 2.8a). PUEM is outside the Quito basin and is one of the stations with the lowest noise levels (especially at frequencies greater than 1 Hz, fig. 2.3). Each of the 39 earthquakes identified in the vertical component of PUEM was used as a master waveform (template) in the matched signal detector procedure. For this, the P-wave arrival was marked by visual inspection, and the traces were filtered between 0.5 and 8 Hz. The waveforms were then cut between 2 seconds before and 10 seconds after the marked P-wave.

Nine groups with two, three, or four earthquakes with correlation coefficients (CC) greater than 0.7 were identified in the cross-correlation process. Within them, a triplet (three earthquakes with a CC greater than 0.9, fig. 2.9a) and three doublets (pairs of earthquakes with a CC greater than 0.95, fig. 2.9b-c) were recorded.

The doublet-type earthquakes were preferentially located near PUEM (groups 6,7,9 in fig. 2.10a), while the triplet was in the basin's north (group 1 in fig. 2 No evidence of periodicity in the occurrence of doublets or the triplet was observed (fig.

2.10b).

The identification of doublets and triplets in the area contributes to improving the fault system's knowledge; however, due to the low detection of local earthquakes, an analysis of repeaters to obtain more information about the creeping process in the QFS could not be done. Chapter 3

Horizontal-to-vertical spectral ratios 3.1 Introduction

To obtain the site resonance frequency on each seismic station of the 4BArray, we use the well-known horizontal-to-vertical spectral ratio (HVSR) of ambient seismic noise. HVSR technique provides a measure of the fundamental resonance frequency at a given site (e.g., Castellaro 2016;[START_REF] Molnar | Application of microtremor horizontal-to-vertical spectral ratio (MHVSR) analysis for site characterization: state of the art[END_REF]Nakamura 1989[START_REF] Nakamura | What is the nakamura method?[END_REF] and works particularly well in 1D horizontal-plane-parallel stratigraphy and for sites with a strong impedance contrast. The fundamental resonance frequency is the natural frequency where the medium vibrates at the highest amplitude, and due to the convenient and easy data acquisition and the relatively simple processing, HVSR is widely used. Empirical and numerical evidence have shown that the HVSR frequency peak corresponds closely to the site resonance frequency (e.g., [START_REF] Lachetl | Numerical and Theoretical Investigations on the Possibilities and Limitations of Nakamura's Technique[END_REF][START_REF] Molnar | Application of microtremor horizontal-to-vertical spectral ratio (MHVSR) analysis for site characterization: state of the art[END_REF]).

Nevertheless, the analytical and theoretical basis for the relationship between the HVSR frequency peak and resonance frequency of the site has not been fully explained, and some ideas have been proposed:

• Nakamura (1989[START_REF] Nakamura | What is the nakamura method?[END_REF] suggested that the HVSR represents the transfer function of the SH wave (shear wave with horizontal polarization and vertical propagation), in which the resonance frequency amplifies the movement of horizontal particles compared to vertical ones. In this case, the peak HVSR frequency equals the resonance frequency of the site.

• Numerical simulations by Lachetl and Bard (e.g., 1994) show that the HVSR peak could also be due to the frequency peak of the fundamental mode Rayleigh wave ellipticity (with or without the contribution of the higher modes). The vertical components contain no energy at the observed HVSR peak frequency since all Rayleigh waves are linearly polarized on the horizontal component.

• [START_REF] Konno | Ground-motion characteristics estimated from spectral ratio between horizontal and vertical components of microtremor[END_REF] showed how the frequency where the amplitude in the fundamental mode of Love waves increases abruptly (airy phasefrequency) is close to the resonance frequency of the site, which would suggest that Love waves also influence the HVSR measures [START_REF] Bonnefoy-Claudet | Effects of Love Waves on Microtremor H/V RatioEffects of Love Waves on Microtremor H/V Ratio[END_REF][START_REF] Endrun | Love wave contribution to the ambient vibration H/V amplitude peak observed with array measurements[END_REF]).

• [START_REF] Bonnefoy-Claudet | The nature of noise wavefield and its applications for site effects studies[END_REF] and [START_REF] Molnar | Application of microtremor horizontal-to-vertical spectral ratio (MHVSR) analysis for site characterization: state of the art[END_REF], among others, established that the origin of the HVSR peak is not unique and that it primarily depends on the impedance ratio at depth and the spatial distribution of the microtremor sources.

In other words, it is very likely that the noise wavefield is composed of body and surface waves and that their relative contribution changes depending on the site. This observation is the basis of the total wavefield approach, which considers body and surface waves in the HVSR modeling (e.g., Lunedei and Albarello 2010;Sánchez-Sesma et al. 2011).

Following the line of a total noise wavefield, Lunedei and Albarello ( 2010) constructed a HVSR model by assuming a continuous distribution of random, independent point sources at the surface (distributed surface sources, DSS). The DSS model was then modified by introducing a spatially correlated stochastic field [START_REF] Lunedei | Horizontal-to-vertical spectral ratios from a full-wavefield model of ambient vibrations generated by a distribution of spatially correlated surface sources[END_REF], and later with the inclusion of a frequencydependent spatial correlation among the sources (Lunedei and Albarello 2021). Another approach to construct a total wavefield HVSR model is the diffuse field assumption (DFA, Sánchez-Sesma et al. 2011). This approach allows removing from the model the role of sources by focusing on the effect that the local structure plays on the ambient vibration spectral structure. Some theoretical consequences of these models have been explored García-Jerez et al. (e.g., 2013) and effective numerical computations have been developed, such as the inversion protocols successfully implemented using the DFA approach (HV-Inv1 , [START_REF] García-Jerez | A computer code for forward calculation and inversion of the H/V spectral ratio under the diffuse field assumption[END_REF][START_REF] Piña-Flores | The inversion of spectral ratio H/V in a layered system using the diffuse field assumption (DFA)[END_REF].

However, in any case, the noise wavefield is generated by non-stationary sources of variable frequency content and amplitude. Due to the randomness of the noise wavefield, the location and type of source can change over time and impact HVSR estimates [START_REF] Cipta | Seismic velocity structure of the Jakarta Basin, Indonesia, using trans-dimensional Bayesian inversion of horizontal-to-vertical spectral ratios[END_REF][START_REF] Kula | Horizontal-to-vertical spectral ratio variability in the presence of permafrost[END_REF][START_REF] Rigo | Seasonal variations in amplitudes and resonance frequencies of the HVSR amplification peaks linked to groundwater[END_REF][START_REF] Singh | Investigation of spatial and temporal variability of site response in the Arunachal Himalaya using ambient seismic noise and earthquake waveforms[END_REF].

In HVSR standard procedures (e.g., [START_REF] Molnar | Application of microtremor horizontal-to-vertical spectral ratio (MHVSR) analysis for site characterization: state of the art[END_REF], the length of the record (tens of minutes) and temporal features of the equipment installation also influence the quality and variability of the measurements. When considering these observations, [START_REF] Cox | A statistical representation and frequency-domain windowrejection algorithm for single-station HVSR measurements[END_REF] proposes to report the results statistically, quantifying the uncertainties in the resonance frequency obtained from the HVSR measurements.

In our study, the HVSR is used to estimate the resonance frequency of the sites. DFA approach and five different spectral ratios were used to compute HVSR curves with at least one year of continuous seismic noise records, which should contribute to obtaining stability in the results for the Quito basin.

Methodology

Similar to the approach described in [START_REF] Mcnamara | Site response in the eastern United States: a comparison of Vs30 measurements with estimates from horizontal:vertical spectral ratios[END_REF], we use available probability density functions (PDFs) to compute HVSRs using daily and longterm representative spectrums.

Methodology

We used the diffuse field assumption (DFA) method described by Sánchez-Sesma et al. (2011) and five averaging methods of spectral ratios referenced by [START_REF] Albarello | Combining horizontal ambient vibration components for H/V spectral ratio estimates[END_REF]. All calculations were performed using a modified version of the HVSRtool proposed by [START_REF] Bahavar | Horizontal-to-vertical spectral ratio (HVSR) IRIS station toolbox[END_REF].

The DFA, referred to as M1, relates HVSR to the Green's functions under the simplifying assumption that ambient vibration is a diffuse random wavefield. Its formulation requires that the averaging be performed separately for each component, which implies that the HVSR curve should be considered the ratio of averages. The theoretical framework of DFA considers all types of waves (body and surface waves) in an equivalent proportion and can also be used to interpret the complete HVSR curve (Sánchez-Sesma et al. 2011) and not only the fundamental frequency peak.

Theoretically, when we consider a diffuse field, the spectral energy densities are proportional to the imaginary part of the components of Green's functions. Following the formulation made in Sánchez-Sesma et al. (2011) and summarized in [START_REF] Bahavar | Horizontal-to-vertical spectral ratio (HVSR) IRIS station toolbox[END_REF], this relationship can be written as:

E i ∝ |u i (x, ω)| 2 ∝ Im(G ii (x, ω)) (3.1)
Where |u i (x, ω)| 2 = PSD of the Fourier transform of the i component of the displacement u(x, ω) at position x and angular frequency ω (rad/s); brackets ( ) denote the average over multiple time windows. |u i (x, ω)| 2 is proportional to the energy density spectrum in the i direction (E i ) and corresponds to the average autocorrelations of the ambient noise, which under a DFA are proportional to the imaginary part of the Green function component for equal-located source and receiver [eq. (3.1)]. [START_REF] Arai | S-Wave Velocity Profiling by Inversion of Microtremor H/V Spectrum[END_REF] proposed the calculation of HVSR in terms of energy densities, under the expression:

HV SR(x, ω) = E 1 (x, ω) + E 2 (x, ω) E 3 (x, ω)
Where subindexes 1 and 2 denote the horizontal components of displacement and 3 the vertical one. Therefore, the full-wavefield HVSR can be expressed as:

HV SR(x, ω) = |u 1 (x, ω)| 2 + |u 2 (x, ω)| 2 |u 3 (x, ω)| 2 = Im(G 11 (x, x, ω)) + Im(G 22 (x, x, ω)) Im(G 33 (x, x, ω)) (3.2)
On the other hand, in a more classical approach, the HVSR curves are computed as the ratio of the Fourier amplitude spectrum of the horizontal (H ) and vertical (V ) components. Although each horizontal component can be viewed separately or rotated to a particular orientation, combining the two horizontal components is more common. To combine the spectra of the horizontal 3. Horizontal-to-vertical spectral ratios components (E , N ), we use the methods listed in [START_REF] Albarello | Combining horizontal ambient vibration components for H/V spectral ratio estimates[END_REF] and detailed below:

• Arithmetic mean (M2): H = E +N 2 ,
• Geometric mean (M3): To investigate the long-term stability of the shape of the HVSR curves and verify if changes arise from diurnal or seasonal variations, we calculated the spectral relationships using the daily PDFs for the stations of 4BArray by at least one year (July 2017 -July 2018, fig. 3.2). In most of the seismic stations, we observe that the shape of the daily HVSR curves does not change substantially over the year (as an example, see ARGE and HCAL stations in fig. 3.2). However, the amplitude of the peaks varies throughout the year. An example of this behavior is observed in OBSA, especially using M4 (fig. 3.2), where a reduction in the amplitude of the predominant peak has been observed since January 2018. Previous works (e.g., [START_REF] Kula | Horizontal-to-vertical spectral ratio variability in the presence of permafrost[END_REF][START_REF] Lontsi | Full microtremor H/V(z, f) inversion for shallow subsurface characterization[END_REF][START_REF] Rigo | Seasonal variations in amplitudes and resonance frequencies of the HVSR amplification peaks linked to groundwater[END_REF]) have associated changes in the amplitude of HVSR peaks with seasonal variations or with loading and unloading cycles of the underlying aquifers. Nevertheless, the reason for these variations in the Quito basin is not clear yet. 10 -1 10 0 10 1 10 -1 10 0 10 1 10 -1 10 0 10 1 10 -1 10 0 10 -1 10 0 10 1 10 -1 10 0 10 1 10 -1 10 0 10 1 10 -1 10 0

H = √ E • N , • Vector summation (M4): H = √ E 2 + N 2 , • Quadratic mean (M5): H = E 2 +N 2 2 , • Maximum horizontal value (M6): H = max{E , N }

Comparison of methods and temporal stability of HVSR curves

Frequency 

Rotational HVSR

To investigate the azimuthal variability in the HVSR curves, we rotate the two horizontal components (east and north) to obtain a representative horizontal time series by 10-degrees steps, starting from 0-degree N to 180-degree N.

We first compute hourly rotated HVSR curves at each station to observe variations related with the cultural noise. The polar diagrams present in fig. 3.3b show the azimuthal variation of the HVSR curves for ARGE at 07:00 (UTC) and 17:00 (UTC), hours in which there is the lowest and highest anthropic activity in Quito, respectively (fig. 2.5). As a whole, it is observed that the shape of the HVSR curves does not change as a function of azimuth, and the prominent peaks do not significantly vary in frequency. However, variations in the amplitude peaks as a function of azimuth are present. For example, in ARGE (fig. 3.3b), the two clear peaks found in its HVSR curves show a slight increase in amplitude around the NW-SE direction. A small increase in the amplitudes of the curves at 17:00 is also noticed compared with the 7:00 curves.

In a more general view, when we calculate an average of the rotated daily HVSR curves for each station, directional effects are not evident in the shape of the curves (fig. 3.3d). The frequency picks obtained at each station are almost independent of the azimuth. For stations like SOCA (north), ROQE (center), and HLUZ (south), the amplitude of the peaks does not vary much as a function of azimuth; while in HCAL (north), INAQ (center), and ARGE (south) for example, amplitude variations as a function of azimuth are noted. Nor are directional effects observed in stations outside the Quito basin, such as PUEM or SVAC (fig. 3.3).

Resonance frequency and spatial distribution

To determine the resonance frequency, all significant peaks (f s ) were indified in the spectral ratio curves (larger than 1.5), and then choose the lowest frequency peak (f 0 ) as the site resonance frequency. We compute HVSR in the 0. identified the main resonance frequency for the Quito basin within this frequency band.

Considering that f 0 is independent of the time window (fig. 3.2), azimuth (fig. 3.3), or the method used for the HVSR computations (fig. 3.1), we map f 0 for the seismic stations throughout Quito to study the its spatial variability (fig. 3.4).

In the southern part of the city (ARGE, QUIB, HLUZ), we estimate f 0 near 0.3 Hz, while in the basin's center (DELA, INCA, OBSA, QUEM, and HSUR), f 0 is about 0.6 Hz. SOCA and PARU have f 0 near 0.7 Hz. GARO and SVAC, located in city's southeastern part, show f 0 at 0.8 Hz. In the northern part, MAST has f 0 at 0.4 Hz. In CRON and HCAL, we estimate f 0 around 1.2 Hz, and in ROQE (eastern flank of the Pichincha volcano, fig. 1.1b) at 2.6 Hz. PUEM, located outside the Quito basin, has a complex shape in its HVSR curve, without a clear identifiable peak. At frequencies higher than 2 Hz, we also find high-frequency peaks (f p ) around 3 Hz in the JBPC, ARGE, HLUZ, and SVAC. Finally, a west-east profile formed by JBPC, INAQ, and CSEK shows rather complex HVSR curves shapes and the presence of several peaks. In JBPC, no clear peak is identified, while INAQ presents f 0 around 0.5 Hz, and in CSEK, the f 0 is near 0.4 Hz (fig. 3

.4a).

To summarize all these results, we present in fig. 3.4a an image of the longterm HVSR curves obtained using the M4 method for all the stations ordered from north to south, and we mark f 0 at each station (black vertical lines in fig. 3.4a). The seismic stations located in the western part of the basin (the western side in fig. 3.4a) and those located at the east (the eastern side in fig. 3.4a) do not show any evident variation of f 0 as a function of latitude. In the central part of the basin (central profile in fig. 3.4a), the value of f 0 clearly decreases southward (ARGE, QUIB, HLUZ). Applying a spatial linear interpolation, we use the measured f 0 values to draw up an iso-resonance frequency map. To improve the results of the spatial interpolation, we utilize the f 0 values from the strong-motion (accelerometer) stations VILF (0.41 Hz), ZALD (0.34 Hz), and LILI (0.36 Hz) published by Laurendeau et al. (2017). These f 0 values were obtained using eHVSR and SSR methods. These three strong-motion stations are located in Quito's southern zone and densify the values of f 0 in this sector (fig. 3.4b).

The decrease in f 0 values towards the basin's south-west (fig. 3.4b) may result from deepening the base rock or a decrease in the velocity of the superficial sediments. Therefore, S-wave velocity profiles could help in the interpretation of these results. Chapter 4

Multi-station analysis

After the single-station analysis presented in the previous chapters, an array analysis was applied to fully exploit the seismic database. There is no strict definition of a seismic array, but in general, all arrays have a synchronized recording time that allows seismic signals to be analyzed as a whole rather than individually.

Multi-station analysis has been widely used since the late 1950s to increase the signal-to-noise ratio (SNR) of the seismic signals, and while classical seismology has developed them mainly around the study of transient events (e.g., earthquakes or explosions), studies such as [START_REF] Aki | Space and Time Spectra of Stationary Stochastic Waves, with Special Reference to Microtremors[END_REF] showed that the space-time coherence of the low amplitude quasi-random ambient field (ambient noise or microtremor) recorded in seismic arrays also contains valuable information.

Despite developments such as that of [START_REF] Claerbout | SYNTHESIS OF A LAYERED MEDIUM FROM ITS ACOUSTIC TRANSMISSION RESPONSE[END_REF], the first attempts to extract useful information from the environmental noise recorded in seismic arrays were unsuccessful (e.g., [START_REF] Daneshvar | Passive seismic imaging using microearthquakes[END_REF]. Then, however, several authors gave new impetus to this idea by theoretically showing that the cross-correlation of ambient noise (interferometry) recorded in pairs of seismic stations (receivers) can provide an estimate of the Green's functions between receivers and that the extraction of Green's functions can have practical applications [START_REF] Derode | How to estimate the Green's function of a heterogeneous medium between two passive sensors? Application to acoustic waves[END_REF][START_REF] Larose | Imaging from onebit correlations of wideband diffuse wave fields[END_REF][START_REF] Lobkis | On the emergence of the Green's function in the correlations of a diffuse field[END_REF][START_REF] Snieder | Extracting the Green's function from the correlation of coda waves: A derivation based on stationary phase[END_REF]Wapenaar 2004;[START_REF] Weaver | Diffuse fields in ultrasonics and seismology[END_REF]. The response that is retrieved by cross-correlating two receiver recordings and summing over different sources can be interpreted as the response that would be measured at one of the receiver locations as if there where a source at the other receiver (virtual source). Ideally, the basic assumption considered that ambient seismic noise is composed of randomly distributed wavefields when taken over sufficiently long times (e.g., years for regional/global studies). A perfectly random distribution of ambient noise sources would result in symmetric cross-correlations with energy arriving at positive and negative correlation lag times, usually referred to as the causal and acausal arrivals. When many seismometers are available, this procedure can be repeated for any combination of two station-components. In other words, in an array each seismometer can be turned into a virtual source [START_REF] Wapenaar | Tutorial on seismic interferometry: Part 1-basic principles and applications[END_REF].

With improvements in the quality and quantity of seismic stations, interferometry based on inter-station correlations of ambient noise has become a standard tool, complementing techniques based on earthquakes or explosions. One of the most widely used applications of seismic interferometry is the recovery of seismic surface waves between seismometers and the subsequent tomographic determination of the seismic velocities. [START_REF] Campillo | Long-range correlations in the diffuse seismic coda[END_REF], Sabra et al. (2005aSabra et al. ( , 2005b)), [START_REF] Shapiro | Emergence of broadband Rayleigh waves from correlations of the ambient seismic noise[END_REF], and [START_REF] Shapiro | Highresolution surface-wave tomography from ambient seismic noise[END_REF] have promoted this approach to produce images of Earth's structures at different scales.

Since not long ago, ambient noise cross-correlation studies began to be applied in urban environments, principally, to obtain (1) the geometry of the bedrocksediment interface and (2) shear-wave velocity profiles in densely populated cities located on sedimentary basins. In Jakarta-Indonesia, for example, using Green's functions recovered from seismic noise, Saygin et al. (2015) performed a Rayleigh wave tomography and developed a high-resolution shear-wave velocity model in the frequency range of 0.2 -2 Hz. Ma and Clayton (2016), applying ambient noise and receivers function analysis, derived a shear-wave velocity and structural model for the Los Angeles basin. Using a dense network of sensors, they found that the depth of the sediments in Los Angeles varies from 4 to 8 km deep. On a smaller scale, [START_REF] Pastén | Deep characterization of the Santiago Basin using HVSR and cross-correlation of ambient seismic noise[END_REF], using surface-wave group and phase velocities obtained from ambient noise cross-correlations, characterized the geological structure under three zones in the Santiago basin (Chile). Similarly, in the urban area of Benevento city (southern Italy), [START_REF] Vassallo | Seismic noise cross-correlation in the urban area of Benevento city (Southern Italy)[END_REF] cross-correlated one month of ambient seismic noise to reconstruct Rayleigh waves traveling between pairs of stations in the basin. They inverted phase-velocity dispersion curves to estimate 1D representative shear-wave velocity profiles, finding two main seismic interfaces at a depth of about 250 and 400 m in the basin.

The spatial and temporal coverage of the 4BArray represents the first opportunity to carry out seismic interferometry in the Quito basin. Ambient noise seismic interferometry provides essential constraints on the subsurface structure and is an inexpensive option for active-source seismic exploration in cities. However, various real-world challenges must be considered when using it in urban environments, such as uneven anthropic noise sources and transient signals that make it difficult to accurately extract Green's functions.

Below is presented the detailed procedure carried out to obtain Green's functions for the Quito basin from the cross-correlation of seismic noise and its subsequent use in deriving S-wave velocity profiles from the joint inversion of phase-velocity dispersion and HVSR curves.

Multichannel seismic-noise cross-correlations

The impulse response function, or Green's function, between station pairs can be approximated by cross-correlation of seismic noise over long time intervals; however, to maximize the surface wave energy, enhance ambient noise signals and suppress transient signals as earthquakes pre-processing steps are required.

The pre-processing procedure introduced by [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF] was follow with some modifications:

1. Continuous 1-day-long data were divided into time segments with a duration of 60 minutes (3600 s).

2. The mean and the linear trend were removed in each segment, and then the instrumental response was extracted.

Multichannel seismic-noise cross-correlations 3. Each trace was down-sampled from 200 Hz to 50 Hz, and then a spectral whitening was applied to the 1-hour traces (a) to equalize their spectral amplitude content, (b) to minimize the contribution of the most energetic signals present in the data and the possible persistent monochromatic sources, and (c) to broaden the frequency band of the surface waves dispersion measurements (Lin, Moschetti, and Ritzwoller 2008).

4. A temporal normalization was applied in the signals (a) to diminish the impact of intermittent large-amplitude perturbations as earthquakes and local non-stationary noise sources around the stations, and (b) to enhance the amplitude of scattered waves. We use two methods of temporal normalization, (a) the traditional 1-bit normalization whereby all positive amplitudes are given a value of 1 and negative amplitudes are replaced by -1 (e.g., [START_REF] Campillo | Long-range correlations in the diffuse seismic coda[END_REF][START_REF] Shapiro | Highresolution surface-wave tomography from ambient seismic noise[END_REF], and (b) the automatic gain control (AGC) operator proposed by Behm, Leahy, and Snieder (2013), which is similar to the running-mean normalization presented by [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF] and defined as:

w n = 1 2N + 1 n+N j=n-N (d j ) 2 (4.1)
In this case, the normalized data ( dn ) is obtained by dn = d n / n . The width of the normalization window (2N + 1) determines how much amplitude information is retained.

The difference between 1-bit normalization and AGC operator is minimal. However, the AGC operator with a window length of 5 s was chosen because 1-bit normalization has the disadvantage of not being commutative with respect to rotation of the horizontal components, which is needed for the transformation to radial and transverse components (Lin, Moschetti, and Ritzwoller 2008).

Next to pre-processing steps, hourly traces distributed in 1770 stationcomponent pairs were cross-correlated in the time domain. More than 80 percent of the inter-station distances in the cross-correlations were less than 20 km, while almost all the inter-station paths follow a N 25-205 direction (fig. 4.1). Time lags between -200 and 200 s were used in the cross-correlations, because we expect to observe the highest dispersed surface-wave train at the longest inter-station distance (32 km) in this time window.

To enhance the coherent signals, we stack the hourly cross-correlation functions for every station pair using two algorithms: (1) a standard linear time stack (e.g., [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF]Lin, Moschetti, and Ritzwoller 2008), and (2) a non-linear time-scale phase-weighted stack (ts-PWS, Ventosa, Schimmel, and Stutzmann 2017), that uses phase coherence to improve the coherent signals of the cross-correlation functions. (inter-station distance = 5.75 km). We see how the causal (positive lag time) and acausal (negative lag time) signals emerge as the time series' length increases from a 1-day to 1-year stack. The emergence of coherent signals as a function of stack time is particularly well exemplified in the stacked cross-correlations' amplitude spectra. With increasing stack time, the spectra's energy increases in the frequency bands between 0.1 -0.5 Hz and 0.5 -2 Hz (Figs. 8b andf). The spectrum of the 1-year signal corresponding to the ts-PWS (Fig. 8f) clearly shows these two frequency band peaks. The non-coherent high-frequency amplitudes decrease drastically comparing 1-year ts-PWS with 1-day or 1-week ts-PWS (fig. 4.2e and g).

Similar to [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF], to quantify signal emergence with increasing time-series length in cross-correlations, we define the signal as the maximum amplitude peak measured between lag times 0 -25 s and the noise as the rootmean-square (RMS) of the amplitude values between lag times 30 -50 s. The resulting ratio (SNR) per frequency band is shown in fig. 4.2d and h. The SNR values of the stacked signals, obtained from cross-correlations filtered between 0.1 -0.5 Hz (triangles in fig. 4.2d and h), are about an order of magnitude greater using the ts-PWS compared with the linear-stack. In this frequency band, the SNR value observed using the 1-month time series is almost the same as that observed for 6-months or 1-year. For cross-correlations filtered between 0.5 and 2 Hz (squares in fig. 4.2d and h), the SNR values using the linear stack algorithm are low, even using 1-year of data.

Since ts-PWS is a non-linear stacking method, it can extract a signal, discarding the incoherent noise between 0.5 and 2 Hz, mainly present in an urban context (traffic noise), and clearly exhibits higher SNR values. We obtain the best results using the ts-PWS algorithm (fig. 4.2e to h). In general, for the cross-correlation functions of the stations of the 4B-array in the frequency range between 0.1 and 0.5 Hz a coherent signal emerges from the stack of one week, and it is stable after one month of data. Between 0.5 and 2 Hz, a coherent signal emerges from one month, and it is stable after stacking six months of data. As exemplified in fig. 4.2f, coherent signals only were observed for frequencies between 0.1 and 2 Hz, even when using one-year data.

As a final processing step, the stacked traces were rotated to obtain the nine components of Green's Tensor. The transverse-transverse (TT), transverseradial (TR), radial-radial (RR) and radial-transverse (RT) cross-correlations between each station-pair can be calculated by a linear combination of east-north (EN), north-east (NE), east-east (EE) and north-north (NN) components with coefficients related to the interstation azimuth (θ) and backazimuth (ψ) angles (Lin, Moschetti, and Ritzwoller 2008). Following the formulation made in Lin, Moschetti, and Ritzwoller (2008), these angles are defined by setting the first station as the source location and the second station as the receiver location, so that the rotation is obtained by:

    T T RR T R RT     =     -cosθcosψ cosθsinψ -sinθsinψ sinθcosψ -sinθsinψ -sinθcosψ -cosθcosψ -cosθsinψ -cosθsinψ -cosθcosψ sinθcosψ sinθsinψ -sinθcosψ sinθsinψ cosθsinψ -cosθcosψ     ×     EE EN N N N E     (4.2)
In fig. 4.3 the rotated channels are shown. The first and second characters in the components of the Green's Tensor (RR, RT, RZ, TR, TT, TZ, ZR, ZT, and ZZ; R=radial, T=transverse, Z=vertical, fig. 4.3) represent the direction of the source-side and the receiver-side stations, respectively. Cross-correlation lag times are positive (causal) in the receiver-to-source direction.

Crosscorrelation features in the Quito's urban area

Spectral analysis for the nine components of the Green's tensor shows that coherent signals that emerged from ts-PWS have energy mainly between 0. negative correlation lags. As expected, the RR, RZ, TT, ZR, and ZZ components show much more consistent wave energy than the others combinations. Typically, Rayleigh waves are observed in the cross-correlation functions between the vertical and radial components (RR, RZ, ZR, and ZZ), whereas Love waves are observed in TT components (e.g., Lin, Moschetti, and Ritzwoller 2008). The multiple records of Rayleigh waves on the four components in the radial-vertical plane (fig. 4.3) can be used to improve the wave propagation analysis and velocity dispersion measurements. Thus, in our study, in addition to the diagonal components of the correlation tensor (RR, TT, ZZ), we used RZ and ZR to extract coherent signals. [START_REF] Wijk | Estimating the Rayleigh-wave impulse response between seismic stations with the cross terms of the Green tensor[END_REF] showed that ZR and RZ correlations are more robust than the ZZ correlations for the extraction of Rayleigh waves in the case of anisotropic wave incidence. [START_REF] Takagi | Separating body and Rayleigh waves with cross terms of the cross-correlation tensor of ambient noise[END_REF], taking advantage of the difference in waves polarization, developed a method to separate P from Rayleigh waves, using RZ and ZR components of the crosscorrelation tensor. The difference in polarization between the rectilinear P-wave and the elliptic Rayleigh-wave is used for the separation. While the Rayleighwave incidence has an asymmetric relation between the ZR and RZ components, the P-wave incidence is symmetric. Consequently, a summation of the ZR and RZ tensor components cancels out the Rayleigh wave contribution, while the difference of ZR and RZ retains the Rayleigh wave and cancels out the P-wave contribution. We take this idea and use the relation (ZR -RZ)/2 to improve the quality of Rayleigh wave signals and the relation (ZR + RZ)/2 to extract P-waves.

To analyze the propagation of seismic waves throughout the Quito basin, we used the CRON, CSEK, GARO, HSUR, JBPC, and PUEM stations as virtual sources (fig. In the ZZ component, a large amplitude signal is observed around t = 0 (fig. 4.3). This signal is present in the 0.1-0.5 Hz frequency band and is independent of the position of the virtual sources (figs. 4.5 to 4.10). Clear waveforms near t = 0 are often observed in previous ambient noise correlation studies (e.g., Poli, Pedersen, and Campillo 2011;[START_REF] Taylor | Near-surface structure of the North Anatolian Fault zone from Rayleigh and Love wave tomography using ambient seismic noise[END_REF][START_REF] Villaseñor | Ambient noise surface wave tomography of the Iberian Peninsula: implications for shallow seismic structure[END_REF]) though the physical reason is not completely clear. In our case, one first hypothesis may be advanced. The zero-lag peaks are possibly associated with the ocean-generated ambient seismic noise coming from the Pacific or the Atlantic oceans nearly with an EW azimuth and therefore arriving almost at the same time to all stations in the basin. We think this is a viable explanation because the dominant frequency for this zero-lag peak (around 0.2 Hz) is in the frequency band of the second microseism (e.g., [START_REF] Gualtieri | Generation of secondary microseism Love waves: effects of bathymetry, 3-D structure and source seasonality[END_REF], and then it correspond to surface wave energy.

However, a second hypothesis may also be possible. When using (ZR-RZ)/2 and (ZR+RZ)/2 to see the contribution of the Rayleigh and P waves, respectively, it is observed that the peak at zero-lag is also present in (ZR + RZ)/2 (e.g., fig. 4.5). (ZR -RZ)/2 on the other hand, shows similar patterns to RR, without prominent peaks at zero-lag. This would lead us to think that teleseismic body wave energy that arrives at the stations at a near-vertical incidence angle could explain the zero-lag peaks in the vertical component's correlation functions (e.g., [START_REF] Hillers | Interaction of microseisms with crustal heterogeneity: a case study from the San Jacinto fault zone area[END_REF][START_REF] Landès | Origin of deep ocean microseisms by using teleseismic body waves[END_REF]). Nevertheless, this separation is only observed when using CRON, CSEK, or PUEM as virtual sources (figs. 4.5, 4.6 and 4.10), so these results are not conclusive.

In ZZ, coherent signals are generally not observed traveling along the basin at frequencies between 0.5 and 2 Hz. An exception is caught when using CSEK as a virtual source (fig. 4.6). Strong coherent signals between 0.5-2 Hz are observed in the causal part of the cross-correlations between the stations inside the basin and CSEK, showing that the propagation is more energetic in the west-to-east direction, which agrees with the sources that dominate this frequency range are human-made generated.

In RR and TT, we observe two wave-groups traveling across the basin, one at low frequencies (0.1 -0.5 Hz) and another at high frequencies (0.5 -2 Hz). In the case of low-frequency waves, the acausal and causal parts are generally symmetrical and without significant variations in amplitude (e.g., fig. 4.5b). Singular behavior is observed when using PUEM as a virtual source since in RR at frequencies less than 0.5 Hz (fig. 4.10b), the energy of the signals is more significant in the west-to-east direction. However, in the TT, the signals are symmetrical. When comparing the cross-correlations of the stations with CRON (north, fig. 4.5) and GARO (south, fig. 4.7), it seems that the waves in RR propagate with more energy in the north-to-south direction.

Significant asymmetry is observed in the amplitude and spectral content of acausal and causal signals between 0.5 and 2 Hz in RR and TT components. For example, when taking JBPC as a virtual source (fig. 4.9c), stronger signals are observed in the causal parts between HSUR and JBPC and in the acausal parts north of JBPC. This behavior may indicate that noise propagation is more efficient in the south-to-north direction for frequencies above 0.5 Hz.

Something to note is that for most station pairs, the predominant signal visible in the TT component is outstanding (e.g., figs. Crosscorrelation features in the Quito's urban area 

1D inversions and linear profiles of stations

To invert the dispersion curves and further suppress the incoherent signals, we average the positive and negative sides of the cross-correlation functions between 0.1 and 2 Hz to obtain what is called the symmetric cross-correlation signal. This operation has been commonly used in seismic noise interferometry [START_REF] Asano | Surface wave group velocity in the Osaka sedimentary basin, Japan, estimated using ambient noise cross-correlation functions[END_REF][START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF]Lin, Moschetti, and Ritzwoller 2008;[START_REF] Vassallo | Seismic noise cross-correlation in the urban area of Benevento city (Southern Italy)[END_REF]). The symmetric cross-correlation signal represents, as best as we can, the inter-station Green's function mainly composed of surface waves traveling from one seismic station to the others (e.g., [START_REF] Wapenaar | Tutorial on seismic interferometry: Part 1-basic principles and applications[END_REF].

In order to evaluate the dispersive characteristics of the estimated Green's functions, a time-frequency analysis was performed on the symmetric crosscorrelation functions. In fig. 4.11, we present amplitude cross-correlation spectrograms corresponding taking JBPC as a virtual source. In general, clear dispersion of surface waves is observed in the TT component north of QUEM (central part of the basin). This dispersion effect suggests a satisfactory recovery of Love waves dispersion. On the other hand, waveforms with dispersive characteristics are relatively rare in other components. In the RR component, we observe the dispersion effect mainly in stations near JBPC (fig. 4.11). A signal of approximately constant frequency content around 0.2 Hz usually dominates the spectrograms of the ZZ, (ZR -RZ)/2 and (ZR + RZ)/2 component, and the energy at higher frequencies is almost absent (fig. 4.11). In the spectrograms, frequencies higher than 0.5 Hz are not observed for stations south of HSUR (Fig. 11). This restricts the possibility to perform satisfactory surface waves group velocity measurements from the cross-correlation signals.

Signals with frequencies lower than 0.5 Hz are present in all spectrograms. The duration they reach (around 15 -20 s) in the symmetric cross-correlation functions between JBPC and ARGE, QUIB and HLUZ stations is outstanding (fig. 4.11). This may indicate the presence of low frequency waves trapped in the southern part of the basin, which deserves more attention and research in the future. The attenuation of frequencies higher than 0.5 Hz in the cross-correlation functions with ARGE, QUIB, and HLUZ stations may also be related to structural changes (depth of the basement) or changes in the anelastic properties of the sedimentary infilling.

After stating that it is impractical to carry out group velocity measurements, 

Multi-station analysis

we then focus on phase velocity dispersion measurements. By calculating the dispersion spectrum using CRON as a virtual source and taking the seismic stations that are aligned with the direction of maximum elongation of the Quito basin (HCAL, SOCA, INCA, JBPC, OBSA, QUEM, ARGE, QUIB, HLUZ, and GARO), we can observe that Love waves on the TT components protrude (fig. 4.12). They exhibit clear phase velocity dispersion and present much higher SNR than Rayleigh waves (RR, ZZ, or (ZR-RZ)/2 components in fig. 4.12). Similar and more evident results are observed when using PARU as a virtual source (fig. 4.12) and taking seismic stations aligned transversely to the axis of the maximum elongation of the basin (JBPC, INAQ, and CSEK). In base of the evidence described herein, we decided to use the symmetric signals of the TT component in the next section to obtain velocity models for the basin. 

1D inversions and linear profiles of stations

This eleven-station profile has the advantage of having seismic stations distributed from north to south and is more or less aligned with the direction of maximum elongation of the Quito basin. We divide it into three virtual source gathers that traverse the city (fig. 4.13). A section of symmetric cross-correlation traces in the north part of the basin, with a virtual source at CRON (Line-1 on map in fig. 4.13), is compared with gathers located in the center (Lines 2 and 4 on the map in fig. 4.13), and in the south of the basin (Line-3 on the map in fig. 4.13).

Lines 1, 2, and 3 are approximately parallel to the basin's NNE-SSW elongation, while Line 4 perpendicularly transects the basin near its middle zone. In fig. 4.13, the symmetric cross-correlation sections of the four lines are shown in the waveforms panel. Traces are arranged according to their distance (offset) between the virtual source (red stars on maps in fig. 4.13) and each receiver (black triangles on maps in fig. 4.13). The azimuths between virtual source and receivers for Lines 1, 2, 4 are relatively homogeneous, with variations less than 15 degrees. Line 3 (covering the southern part of the basin) presents slightly higher differences in inter-station azimuths. For the calculation of phase dispersion curves (Dispersion images panel in fig. 4.13), we compute the Love wave phase velocity spectra applying a MASW (multichannel analysis of surface waves) analysis scheme (Park 2011;Park, Miller, and Xia 1999). A N-channel field record (r i ) is decomposed via fast fourier transform into individual frequencycomponent R i (ω). Since the amplitude does not contain any information linked to phase velocity c, R i (ω) can be normalized without loss of significant information.

R i,norm (ω) = R i (ω) |R i (ω)|
Then, for a given testing phase velocity c T , the frequency-phase velocity transform A S (c T , ω) is obtained by summation, at each frequency ω, the wavefields present in all traces traveling with c T .

A S (c T , ω) = N i=1 e -jδ i,T R i,norm (ω) where δ i,T = ωx i c T
and x i equal to the distance between source and receiver i (offset). As A S (c T , ω) is a complex number, the absolute value |A S (c T , ω)| is used to produce a so-called dispersion image or dispersion spectrum (Park 2011;Park, Miller, and Xia 1999). Clear phase dispersion trends are observed between 0.15 and 1.25 Hz for Lines 1, 2, and 4. On the other hand, for Line 3, the coherent energy in the dispersion image fades for frequencies higher than 0.35 Hz. We manually picked the phase dispersion curves for the fundamental mode (green dots in Dispersion Images panel in fig. 4.13), looking for the maximum amplitude around each selected point in Love wave phase velocity dispersion images. Manually picked dispersion curves in Lines 1, 2, and 4 are more or less similar, with smooth curves between 0.15 and 1.25 Hz. The dispersion curve in Line 3 (southern zone) shows a different shape, with a rapid increase in phase velocity between 0.2 and 0.35 Hz. Parameterization and Neighborhood algorithm (NA) inversion (Wathelet 2008;Wathelet, Jongmans, and Ohrnberger 2004) were performed using Geopsy open-source software package [START_REF] Wathelet | Geopsy: a user-friendly open-source tool set for ambient vibration processing[END_REF]. Assuming a horizontally layered 1D medium below each profile, we perform 1D inversions of the phase dispersion curves. Since little baseline information is available for the Quito basin, we use a fairly general parameterization. Taking into account the geological descriptions presented in Jaya ( 2009) and Alvarado et al. (2014) for the Quito basin (reviewed in chapter 1), we explore a simple three-layer model: two sedimentary layers and a volcanic bedrock. Love-wave phase velocities are inverted, using a layered model with uniform velocities, and shear-wave velocity (V s ) is set to increase with depth. The maximum half-space depth was fixed at 2000 m, and as a rule of thumb, the minimum resolved depth was set to a third of the shortest wavelength (λ min ), which was estimated as λ min = V min / f max (Wathelet, Jongmans, and Ohrnberger 2004). For Lines 1,2 and 4, the minimum resolved thickness is around 215 m, while for Line 3, it is around 500 m. Using Geopsy, we sought the simplest V s profiles whose dispersion curves fit better the observed phase dispersion curves in the dispersion images in fig. 4.13. Computed models are represented according to their misfit with a gray colorscale in the lower panel of fig. 4.13. We computed 5030 models for each manually picked dispersion curve. The associated theoretical Love-wave phase velocity dispersion curve of the best profile was plotted with a dashed red line in the Dispersion Images panel (fig. 4.13) to show the fit with the picked points.

Joint inversion of phase velocity dispersion and HVSR curves

Taking advantage that HVSR curves (chapter 3) give us much more information in addition to fundamental frequency (f 0 ) and that in several works, they have been successfully inverted to generate velocity profiles (e.g. ). HVSRs carry information associated with velocity structure, especially the location of strong V s contrasts. Dispersion curves, on another side, are sensitive to the absolute velocity variation with depth due to their frequency dependence. In our case, HVSRs are related to punctual structures along an essentially vertical path, whereas dispersion curves are expressed across profiles. Attending to the stratigraphic description presented in Jaya ( 2009) and Alvarado et al. (2014), where around three geological units are distinguished, the inversion procedure began with establishing parameters ranges for general models of two layers over a half-space. Seismic velocities, density, thickness, and Poisson's ratio of each layer obtained from the previous dispersion curves inversion (fig. 4.13) were used as initial models. We carried out the joint inversion assigning equal weights to HVSR and dispersion curves. Unlike other seismic stations, since three peaks are visible on the HVSRs of JBPC and HLUZ, a general model of three layers over a half-space has been considered. In the joint inversion of the HVSRs of the CRON, HCAL, SOCA, we use the dispersion curve corresponding to Line 1 (fig. 4.13), with the HVSRs of JBPC, OBSA, QUEM, we use the dispersion curve corresponding to Line 2 (fig. 4.13), while with the HVSRs of ARGE, QUIB, HLUZ, and GARO, we use the dispersion curve of Line 3 (fig. 4.13). We avoid to do a joint inversion using the INCA HVSR due to the anomalous f 0 amplitude value (close to 10, fig. 3.4). We are not certain that this value is not influenced by soil saturation or a tilt in the seismometer base. The misfit function quantizes the difference between the observed data (measured) and the one calculated in the inversion (model). Figure 4.14a and b show the computed models according to the ratio misf it/min(misf it) calculated for both the dispersion curve and the HVSR. We generate more than 5000 models for each dispersion curve-HVSR pair, but we only plot those models with a ratio less than 7. Measured curves are represented by green lines, while the red dashed lines highlight the best models.

In the resulting V s models (fig. 4.14c), the difference in the half-space depth is significant. In CRON, HCAL, and SOCA, this limit is around 200 m deep. In OBSA and QUEM, it is observed slightly deeper, around 250 m. The half-space depth in ARGE, QUIB, and HLUZ is greater than 700 m, while JBPC is around 500 m; however, there is no good agreement between the best models and the measured curves (fig. 4.14). On GARO, the depth of the half-space is around 100 m, but in this station, we have little confidence in the HVSR low-frequency part due to the high level of noise (fig. 3.4a and fig. 4.14b). The lack of low frequencies resolution in the HVSR curve could explain why we cannot observe a contrast at a depth such as for HLUZ or QUIB.

The V s of the half-space in the south stations is higher (around 2500 ms -1 ) than the observed in the north and center stations (around 1700 ms -1 ). A critical parameter required to predict strong ground motions is the knowledge of sedimentary thickness and the internal basin structure. Quito, Ecuador's capital city (fig. 5.1), with 2.6 million inhabitants, is located in a piggyback sedimentary basin located on the hanging wall of an active fault system (Alvarado et al. 2014). Laurendeau et al. (2017) identified that the seismic response of the basin varies in a north-to-south direction, with seismic signals amplified in the frequency range 0.1-0.5 Hz and of longer duration in the southern part of the city. [START_REF] Pacheco | Profiling the Quito basin (Ecuador) using seismic ambient noise[END_REF], based on a joint inversion of the phase velocity dispersion curves and the horizontal-to-vertical spectral ratios (HVSRs), recently proposed a first velocity model for the Quito basin, identifying a deep interface (around 1 km) in the southern area of the city, which is not observed in the northern area. These results reveal the complex geometry of the geological structures and give rise to new considerations about the depth of the bedrock throughout the basin or the presence of internal structures. Geophysical studies, such as active seismic surveys, are generally used to obtain high-resolution images of the subsurface; however, these studies in urban settings are rather difficult (e.g., [START_REF] Fuis | Crustal structure and tectonics from the Los Angeles basin to the Mojave Desert, southern California[END_REF][START_REF] Kazuki | Three-dimensional topography of the sediment/basement interface in the Tokyo metropolitan area, central Japan[END_REF][START_REF] Koketsu | A proposal for a standard procedure of modeling 3-D velocity structures and its application to the Tokyo metropolitan area, Japan[END_REF]). On the other hand, geotechnical studies such as boreholes are expensive and generally used to explore the first tens of meters of soil, making this information quite limited for deep targets. Recently, passive seismic methods using data from temporary networks in urban environments allow for investigating the subsurface structures underneath sedimentary basins. Since not long ago and with the improvement in data processing techniques, there has been a renewed interest in using seismic autocorrelations to estimate seismic discontinuities under a seismic station (e.g., Pham and Tkalčić 2017). Compelling results have been presented by extracting body reflected waves from ambient noise autocorrelations (e.g., Clayton 2020; Romero and Schimmel 2018) and coherent seismic sources (P-coda autocorrelations, [START_REF] Kim | Enhanced Resolution of the Subducting Plate Interface in Central Alaska From Autocorrelation of Local Earthquake Coda[END_REF][START_REF] Pham | On the feasibility and use of teleseismic P wave coda autocorrelation for mapping shallow seismic discontinuities[END_REF], which have allowed mapping shallow geological structures such as ice sheets (e.g., Pham and Tkalčić 2018), crustal structures (e.g., Qashqai and Saygin 2021), or the Mohorovicić discontinuity (e.g., [START_REF] Oren | Seismic body-wave interferometry using noise autocorrelations for crustal structure[END_REF]. Aucorrelation techniques have proven effective when applied in a single seismic station (e.g., [START_REF] Schimmel | Seismic Noise Autocorrelations on Mars[END_REF] as in dense arrays of stations (e.g., Clayton 2020). Seismic noise in cities is predominantly handled by numerous processes such as cultural life, traffic, and production and transportation of goods, which means that the periodic and time-dependent seismic signals are generated and emitted by human-made physical processes (e.g., [START_REF] Díaz | Urban seismology: on the origin of earth vibrations within a city[END_REF][START_REF] Lecocq | Global quieting of high-frequency seismic noise due to COVID-19 pandemic lockdown measures[END_REF]). These anthropically generated ground motions together with natural ground vibrations (wind-induced tremors, ocean waves, or earthquakes) form highly variable spatial and temporal seismic environmental noise. These characteristics make the analysis of recorded ambient noise within cities particularly challenging. In order to optimize the information contained in different frequency bands, in this study, we autocorrelate ambient seismic noise recorded by a temporal array of 3-component seismic stations spread throughout Quito, together with P-coda signals obtained from regional earthquakes recorded by this seismic array. Inspired by applying the seismic autocorrelation technique in different geological

Data

We use the data recorded by ten seismic stations within the 4BArray (Mercerat et al. 2016, black triangles in fig. 5.1b) to calculate the autocorrelation functions. These stations were equipped with medium-or broad-band frequency velocity sensors buried 50-80 cm below the ground surface, placed over a 3 cm thick granite plate, and entirely covered by ground soil. Seismic records were acquired continuously at a sampling frequency of 200 Hz. As seen in fig. 5.1b, the chosen stations, CRON, HCAL, SOCA, JBPC, OBSA, QUEM, ARGE, QUIB, HLUZ, and GARO, have the advantage of forming a profile (referred from here as L1) distributed from north-to-south and approximately aligned with the direction of maximum elongation of the Quito basin. Also, each of these positions has a one-dimensional S-wave velocity profile obtained from the joint inversion of phase velocity dispersion curves and HVSRs by Pacheco et al. (2022, table 5.1).

Layer 1

Layer 2 Layer 3 Layer 4

Depth For the calculation of the ambient seismic noise autocorrelation functions, we use the seismic signals recorded continuously between July 2017 and July 2018, while for the computation of P-coda autocorrelations, we selected 40 regional earthquakes recorded and located by the Instituto Geofísico -Escuela Politécnica Nacional (IG-EPN) between May 2016 andJuly 2018 (fig. 5.1a). Magnitudes of the chosen earthquakes ranged between 4.8-6.3, and epicentral distances to the basin were between 165 and 585 km. The earthquakes were located to the west and north-west (mainly in the Pacific subduction zone), and in the seismogenic source zones of Puná to the south-west and Cutucú to the south-east [START_REF] Yepes | A new view for the geodynamics of Ecuador: Implication in seismogenic source definition and seismic hazard assessment[END_REF]. [START_REF] Claerbout | SYNTHESIS OF A LAYERED MEDIUM FROM ITS ACOUSTIC TRANSMISSION RESPONSE[END_REF] showed that the reflection response of a 1D layered medium could be recovered by autocorrelation of a transmitted plane wave originating from the subsurface, including body-wave primary reflections and their multiples. Unlike inter-station seismic interferometry, which requires simultaneous 
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recordings of the wavefield at multiple sites, in autocorrelation, only recordings at a single station are necessary to obtain information about the underlying structure since the autocorrelation of the recorded wavefield at the free surface approximates the reflectivity response under the assumption of a 1D layered media.

Autocorrelation functions can also be calculated using P-waves and their coda (P-coda) from earthquakes and differ from ambient seismic noise autocorrelations by the physical nature of the signals used. While P-coda autocorrelations take advantage of the nearly vertical angle of incidence under seismic stations [START_REF] Pham | On the feasibility and use of teleseismic P wave coda autocorrelation for mapping shallow seismic discontinuities[END_REF], seismic noise autocorrelations use seismic noise generated mainly at the earth's surface by the coupling of oceans with the solid earth (< 1 Hz) or by human activities (> 1 Hz). The difference in the primary source of the wavefield (noise or earthquakes) mainly affects the amount of information used. Months or even years of continuous recording are necessary to obtain clear body-wave reflections from seismic noise autocorrelations (e.g., [START_REF] Romero | Mapping the Basement of the Ebro Basin in Spain With Seismic Ambient Noise Autocorrelations[END_REF], while only a few earthquakes are necessary to retrieve the medium response using P-coda autocorrelation (e.g., [START_REF] Pham | Antarctic Ice Properties Revealed From Teleseismic P Wave Coda Autocorrelation[END_REF][START_REF] Qashqai | Constraining Crustal Properties With Bayesian Joint Inversion of Vertical and Radial Teleseismic P-Wave Coda Autocorrelations[END_REF].

This study takes advantage of the 4BArray's continuous data, which recorded ambient seismic noise and regional earthquakes for at least a year. We mainly focus on the computation of the autocorrelation functions in the horizontal components due to: (1) the wave velocity models available for the Quito basin are exclusively for S-waves (table 5.1); (2) the attempts made to autocorrelate vertical components did not generate satisfactory results, probably because the lobes of the autocorrelation functions masked the arrivals in the frequency range used.

To aid in detecting weak-amplitude reflections, we computed the theoretical expected times for S-wave reflections by calculating synthetic seismograms. We employed the sufdmod1 (finite-difference modeling in one dimension) code integrated within the Seismic Unix utilities package [START_REF] Stockwell | The new SU user's manual version 4[END_REF] to generate synthetic zero-offset traces. We use a 3 Hz Gaussian sourcetime function and the V s models presented in table 5.1 to recover the S-wave reflectivity under each station of the profile L1 (fig. 5.2). We choose simplified synthetic traces (without multiples) to clearly show the theoretical arrivals of the calculated S-wave reflections.

Phase cross-correlation

Autocorrelation measures the self-similarity of a time series as a function of lag-time. As a special case of cross-correlation, it is expected that standard strategies such as 1-bit normalization and spectral whitening [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF]) may help to reduce the effects of amplitude outliers (e.g., transient events in the seismic noise or glitches in the P-coda) prior to the computations. On the other side, using amplitude normalization and spectral whitening, the information content of the signal is reduced in a non-unique manner, which can cause a less efficient signal extraction [START_REF] Schimmel | Low-Frequency Ambient Noise Autocorrelations: Waveforms and Normal Modes[END_REF]. Phase cross- q q q q q q q q q q q q q q q q q q q 0 3. correlation method (PCC, Schimmel 1999) is based on the phase coherence of instantaneous phases, so outliers amplitude signals do not affect it; consequently, prior processes such as the amplitude balance in time and frequency domains are unnecessary. Thus, to maximize the obtention of weak-amplitude reflections, we employed the amplitude unbiased PCC. Following the formulation detailed in [START_REF] Schimmel | Low-Frequency Ambient Noise Autocorrelations: Waveforms and Normal Modes[END_REF], [START_REF] Schimmel | Phase cross-correlations: Design, comparisons, and applications[END_REF][START_REF] Schimmel | Seismic Noise Autocorrelations on Mars[END_REF], we can define an analytic signal S(t) as a unique complex-valued representation of a time series s(t), where the real and complex parts are orthogonal. Thus, the analytical signal S(t) can be built from the time series s(t) and its Hilbert transform H[s(t)]. This representation allows decomposing the time series into an instantaneous amplitude A(t) and an instantaneous phase φ(t) (eq. (5.1)). iφ(t) (5.1)

S(t) = s(t) + iH[s(t)] = A(t)e

PCC takes advantage of this property by using only the instantaneous phases in its calculation. We can express PCC as follows:

c P CC (τ ) = 1 2T T t=1 |e iφ(t) + e iψ(t+τ ) | ν -|e iφ(t) -e iψ(t+τ ) | ν (5.2)
where: φ(t) and ψ(t) are the instantaneous phases of the two time series, τ is the lag-time of the second time series with respect to the firts one, T is the length of the window and ν a parameter which permits to tune the PCC's sensitivity. The phase autocorrelation is obtained using φ(t) = ψ(t) in eq. ( 5.2). To compute PCC, we use the implementation described and developed in Ventosa, Schimmel, and Stutzmann (2019).

Noise autocorrelations functions

Phase-weighted stack

Autocorrelations need to be stacked until found a robust and stable response (e.g., [START_REF] Pham | Antarctic Ice Properties Revealed From Teleseismic P Wave Coda Autocorrelation[END_REF][START_REF] Romero | Mapping the Basement of the Ebro Basin in Spain With Seismic Ambient Noise Autocorrelations[END_REF]. Incoherent signals are attenuated during the stacking process while stationary signals are enhanced. There exist different strategies to stack autocorrelations. The linear stack, a simple sum normalized by the number of stacked records, is commonly used (e.g., [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF]; however, to maximize signal extraction, we employed Phase-weighted stack (PWS, [START_REF] Schimmel | Using instantaneous phase coherence for signal extraction from ambient noise data at a local to a global scale[END_REF]. PWS technique is based on the instantaneous phase coherence (in analogy to PCC), which is being measured in the time-frequency domain during stacking. In N individual one-sided autocorrelograms s n (t), PWS g(t) is defined as:

g(t) = 1 N N n=1 s n (t) 1 N N n=1 e iψn(t) η (5.3)
where: η ≥ 0 is the PWS order, which controls the contribution of the overall coherency measure in the final stack.

The resulting stack in eq. ( 5.3) is obtained by weighting the linear stack according to the time-frequency phase coherence. To calculate the PWS of the autocorrelation data sets, we use the computationally efficient version proposed by Ventosa, Schimmel, and Stutzmann (2017, time-scale phase-weighted stack, ts-PWS).

The use of PCC and PWS has already been employed in previous works (e.g., [START_REF] Romero | Mapping the Basement of the Ebro Basin in Spain With Seismic Ambient Noise Autocorrelations[END_REF][START_REF] Schimmel | Seismic Noise Autocorrelations on Mars[END_REF], and the results when applying these techniques have been superior compared to the standard procedures (crosscorrelation and linear stack).

Noise autocorrelations functions

To calculate ambient seismic noise autocorrelations, we divide continuous 1day-long data into time segments with a duration of 60 min (3600 s). We then remove the mean and the linear trend before applying an instrumental response correction. We downsample each trace from 200 Hz to 50 Hz.

PCC method was used to autocorrelate every 1-hour trace with a maximum time lag of 20 s. Then we stack the hourly autocorrelograms using the ts-PWS.

Figure 5.3 shows the east-component daily autocorrelations for HCAL, OBSA, and HLUZ stations located north, center, and south of the city, respectively, together with the stack of all available autocorrelograms. Synthetic seismograms for each station and their V s profile are also shown to the right of each panel. In the autocorrelograms, coherent signals can be observed that are repeated day after day and that their times, in some cases, are close to the reflections observed in the synthetic seismograms (fig. 5.3). In these examples, the times at which we found horizons O1 (red arrows in OBSA), H1 (red arrows in HLUZ) and H2 (black arrows in HLUZ) coincide (roughly) with the theoretical arrival times calculated for S-wave reflections and can be related to jumps in the S-wave velocity profiles. In HCAL, the theoretical arrivals are very close to zero-lag time (fig. 5.2), and this relationship between the horizon time and the theoretical arrival time is difficult to determine.

However, the autocorrelograms of these three stations also show horizons that are unrelated to the calculated arrival times, such as the O2 horizon in OBSA (black arrows in OBSA panel, fig. 5.3). These signals could correspond to deeper interfaces, showing that the geological structure under the Quito Basin is more complex than previously assumed.

To further analyze the characteristics of autocorrelograms and identify nonstationary reflected signals, we perform a time-frequency analysis. Continuous wavelet transform has previously been used to locate and identify seismic reflections in a time-frequency domain from synthetic (e.g., Ali, Sheng-Chang, and Shah 2020) and real seismic data (e.g., [START_REF] Jiang | Extracting reflection with wavelet transform in vibroseis signal processing[END_REF]. Figure 5.4 shows the autocorrelograms of the resulting stack for HCAL, OBSA, and HLUZ (fig. 5.4a-c), underlain by the wavelet spectrum calculated using a Morlet-mother wavelet function (fig. 5.4d-f). The white solid lines mark what is known as the cone of influence (COI). The COI shows areas in the spectrogram potentially affected by edge-effect artifacts. These effects arise from areas where the stretched wavelets extend beyond the edges of the observation interval. Within the unshaded region delineated by the white line, the information provided is an accurate time-frequency representation of the data. Inside the white line, in the shaded region, information should be treated as suspect due to the potential for edge effects. After analysis of the spectrograms, high-energy regions can be identified outside the COI. These areas may correspond to recovered seismic reflections associated with interfaces between geological layers; however, the frequency range in which reflections occur varies at each seismic station. For example, in HLUZ, we identify reflections at 0.8 and 180 s between 1 -5 Hz (reddish and dark bars in HLUZ panel in fig. 5.4c and f) or in OBSA at 0.8 s and 1.3 s between 2 -6 Hz (reddish and dark bars in OBSA panel in fig. 5.4b and e). By filtering the autocorrelograms at each station (usually between 3-7 Hz), the signals associated with the recovery of reflections are obtained with greater clarity (fig. 5.4).

P-coda autocorrelations functions

We manually selected 40 regional earthquakes located by the IG-EPN (fig. 5.1a) and recorded by the seismic stations in the L1 profile to calculate the P-coda autocorrelation functions. Based on a visual inspection, we picked the P-wave arrival in all three components and using each earthquake location provided by the IG-EPN, we rotated the horizontal components (east and north) of each seismic station to radial and tangencial polarization.

After instrumental correction and downsampled traces to 50 Hz, we extract 15 s time windows, beginning 5 s before and ending 10 s after the manually picked P-wave to avoid including in the analysis direct S-wave arrivals. We use this segments to compute the autocorrelation functions using the PCC method. An example of the earthquakes used to calculate the autocorrelation P-coda autocorrelations functions The number of used events for each station is shown in fig. 5.5b, where it is observed that JBPC is the station with the highest number of stacked events (33) and ARGE is the one with the lowest (8); however, for most stations, the number of staked events was between 10 -25. The recorded earthquakes were a function of the operating time of each station.

Results and discussion

In figure fig. 5.6a, we present radial P-coda autocorrelogram stacks across the Quito basin. The autocorrelograms are ordered from north-to-south in a section parallel to the axis of maximum elongation of the basin, which in principle would allow us to generate an image of the underlying reflectors.

Based on the time-frequency analysis, the stacked P-coda autocorrelograms were filtered between 1 -6 Hz to resolve shallower reflectors and to avoid the signal to be contaminated by the zero-lag sidelobes of the autocorrelations (fig. 5.5d). Instead of muting the first 0.5 s to reduce the big amplitude at zero-lag time, we prefer to balance each autocorrelogram s n (t) by: sn (t) = s n (t)t tpow (5.4) where sn (t) is the balanced autocorrelogram, and tpow = 1.1. A coherent reflection is visible in all autocorrelograms between 1 and 1.5 s (lag-times), forming an identifiable horizon (Hp2 in fig. 5.6a). Reflections around 0.5 s may also be observed (Hp1 in fig. 5.6a). The amplitudes of these arrivals are more significant at the stations in the northern and center parts of the basin (CRON, HCAL, SOCA, JBPC, OBSA) than the amplitudes observed at the stations in the south (QUEM, ARGE, QUIB) where this arrival is diffuse.

Results and discussion

The noise autocorrelogram section in fig. 5.6b shows the resulting stacks calculated for the east component from one year of data. Based in time-frequency analysis, we filter the autocorrelograms between 3 and 7 Hz. Because the amplitude at 0 lag-time is huge compared to the reflections obtained (fig. 5.4a-c), we balance the autocorrelograms by using eq. ( 5.4) and a tpow = 1.5 to evidence the arrivals.

In fig. 5.6b, a horizon of coherent signals can be observed between 1 and 1.5 s (Ha2); however the traces in the profile are noisier and the horizon is less 5. High-frequency autocorrelations to image the bedrock at the urban scale: An application to Quito basin clear than that observed in the P-coda autocorrelograms profile. Identifying and interpreting arrivals between 0 and 0.6 in this section is quite difficult and the traces are clipped due to the balance factor we applied to enhance the deeper reflections (fig. 5.6b).

To interpret the signals observed in the noise and P-coda autocorrelogram profiles, we compare the horizons Hp1, Hp2 and Ha2 with the theoretical S-wave reflection arrivals (fig. 5.2) based on the S-wave velocity profiles presented in [START_REF] Pacheco | Profiling the Quito basin (Ecuador) using seismic ambient noise[END_REF]. A close correspondence of the theoretical arrivals and the signals observed in the noise and P-coda autocorrelograms is observed for stations located in the south of the city around 1.5 s. The interface under ARGE, QUIB, and HLUZ has been identified as the sediment/bedrock contact, so we interpret the signals of ARGE, QUIB and HLUZ in horizons Ha2 and Hp2 as the arrivals belonging to S-wave reflections from the bedrock south of the city. It is observed that Hp2 and Ha2 continue towards the north (fig. 5.6a-b), which allows us to interpret the signals in the autocorrelograms between 1 and 1.5 s as the reflections of a bedrock that underlies the Quito basin.

The theoretical arrivals calculated for the stations north of the basin (CRON, HCAL, SOCA, JBPC) agree with the signals observed mainly in the P-coda autocorrelograms around 0.5 s (Hp1 in fig. 5.6a).

Relating the results presented in this study with those reported in [START_REF] Pacheco | Profiling the Quito basin (Ecuador) using seismic ambient noise[END_REF], we can suggest that the interface that is responsible for the resonance frequencies observed in the basin comprises: (1) a shallow interface towards the north (Hp1) and (2) the sediment/bedrock boundary to the south (Hp2). No significant differences in time are observed between the recovered signals from seismic noise or P-coda autocorrelations (Hp2 y Ha2), so the results show that Swave reflections were recovered despite physically different wave fields. However, the P-coda autocorrelations concentrated their energy mainly between 1 and 3 Hz, making them less noisy, while the reflections obtained from seismic noise had their energy concentrated at frequencies greater than 3 Hz (noisier). This shows that the primary source of the noise used to recover S-wave reflections in noise autocorrelations comes from anthropic activity, which makes the application of this technique conducive to urban and densely populated environments.

Deeper reflectors were also be observed (lag-times greater than 2 s, fig. 5.6); however, our main objective was to identify the signals associated with the bedrock of the basin, and detailed analysis of deeper reflections were beyond the scope of this work.

Conclusions

This study shows that despite physically different wavefields, we have been able to use ambient noise and P-coda autocorrelations to image the bedrock throughout the Quito basin. S-wave reflections were obtained with both autocorrelation datasets; however, reflections at higher frequencies (>3 Hz) were only present in the noise autocorrelation functions. Despite the limited amount of earthquakes used in P-coda autocorrelations, good results were obtained using the phase autocorrelation and the phase-weighted stack methods. This study presents evidence that the resonance frequencies observed in the northern part of the Quito basin are related to a much shallower interface than the bedrock. On the contrary, the resonance frequency is related to the bedrock depth in the stations to the south of the basin. The mapping of the reflections obtained from the autocorrelograms makes us think that a bedrock extends throughout the entire basin at a depth of about 1 km.

Chapter 6

General results and discussion

The main results of this thesis are presented and discussed in this chapter.

Influence of Quito basin in the background seismic noise

The background seismic noise in the stations of 4BArray is characterized by the presence of coherent ocean-generated seismic noise that dominates at low frequencies (less than 1 Hz) and coherent cultural noise at high frequencies (greater than 1 Hz) as it has been also seen by [START_REF] Díaz | Urban seismology: on the origin of earth vibrations within a city[END_REF] in other urban zones. From the PDFs representative spectra, we observe a large variability in the ambient noise level along the Quito basin (fig. 2.4). In the frequency range between 0.1-0.3 Hz and 0.3-1.0 Hz, stations located in the south-western part of the basin (QUEM, ARGE, QUIB and HLUZ) present systematically higher noise levels in the east and north components. When analyzing the PDFs daily, it is not observed that neither meteorological factors nor those caused by seasonality affect the level of seismic noise in the frequency range between 0.1-1.0 Hz (fig. 2.6). The spatial variation in the PDFs makes us suppose that the infilling sediments under the south of Quito amplify the ambient seismic noise at frequencies below 1 Hz. Similar behavior is observed in the Nenana Basin -Alaska, where Smith and Tape (2019) report that the sedimentary basin strongly influences the seismic wavefield. In Nenana, the underlying sediments amplify ambient seismic noise by 12-16 dB at 0.1-0.7 Hz.

1D assumption

We investigated the effect of azimuth on HVSRs by rotating horizontal components through a set of azimuths (fig. 3.3). We did not find significant variability in both f 0 and its amplitude; then, we can assume that the ambient noise wavefield is azimuthally isotropic and that the 1D assumption is valid at most sites (fig. 3.3). Therefore, we can interpret that the subsurface in Quito is horizontally stratified. While this 1D assumption seems to work well at most sites, it is likely less convincing in the basin's center. Morphologically, the Quito basin narrows at the latitude of JBPC, measuring about 3.5 km in the EW direction. The calculated HVSR curve for JBPC exhibits a plateau-like shape (fig. 6.1a), in which it is difficult to determine a resonance frequency. Moreover, in the rotational HVSR polar diagram, a frequency peak at around 0.5 Hz is only visible between N25-N150 • (fig. 6.1b). The shape of the HVSR curve and the presence of a frequency peak as a function of azimuth in JBPC indicate that 2D/3D effects should be considered in the basin's central part. To combine the spectra of horizontal components, we used a geometric mean. (b) Rotated HVSR polar diagrams of JBPC. Shaded area behind HVSR curve represents the standard deviation.

Love-waves predominance

Cross-correlation of more than 1 year of ambient seismic noise was computed to reconstruct Rayleigh and Love waves traveling between pairs of stations. Coherent Love waves are much more energetic and clear than Rayleigh waves in the Quito basin and exhibit significant energy in the frequency range 0.1-2 Hz (figs. 4.9 and 4.11). In the Kanto basin (with an area about 17000 km 2 , Koketsu and Kikuchi 2000), where Rayleigh waves are predominant, the shearwave velocity inside the basin gradually increases with depth (e.g., [START_REF] Takemura | Long-period ground motions in a laterally inhomogeneous large sedimentary basin: observations and model simulations of long-period surface waves in the northern Kanto Basin, Japan, Earth[END_REF]; however, in the smaller Osaka basin (of elliptical shape and with an area about 3600 km 2 , [START_REF] Asano | Modelling of wave propagation and attenuation in the Osaka sedimentary basin, western Japan, during the 2013 Awaji Island earthquake[END_REF], where Love waves predominate over Rayleigh waves, a clear unconformity at the sediment-bedrock boundary (between 1 and 1.5 km deep) with a strong impedance contrast in shear-wave velocity is observed at the subsurface [START_REF] Asano | Surface wave group velocity in the Osaka sedimentary basin, Japan, estimated using ambient noise cross-correlation functions[END_REF]). The free surface condition is a sufficient condition for Rayleigh waves to develop, even in homogeneous (or smooth varying) media. In contrast, Love waves are subjected to the presence of a strong velocity contrast in depth. The clear predominance of Love waves in the Quito basin would indicate that a layered model with a strong impedance contrast in depth could be the best approximation for Quito's subsurface.

Wave propagation features through the basin

When analyzing the cross-correlation functions, we observe that signals between 0.5 and 2 Hz fade to the basin's southwest when a virtual source located at the north or center of the basin is used (figs. 4.5, 4.6 and 4.9). [START_REF] Viens | Basinscale Green's functions from the ambient seismic field recorded by MeSOnett stations[END_REF] show that the low quality of Green's functions recovered from cross-correlations between pairs of stations in a profile of seismic stations in the Kanto basin can be explained by important changes in the basin's geometry. In the case of [START_REF] Viens | Basinscale Green's functions from the ambient seismic field recorded by MeSOnett stations[END_REF], when a bay separated the virtual source from the receiver stations,

Basin bedrock geometry new scattered wave sources are found that violate the assumption of distant ambient noise sources. In Quito's case, the seismic waves undergo a kind of low-pass filter before entering the southwestern zone (figs. 4.9 and 4.11). This behaviour could be associated with an important change in the basin's structure between the north, central and the southern parts.

Basin bedrock geometry

When computing the HVSR curves and mapping f 0 through the basin (fig. 3.4b), the f 0 values decrease to the south (fig. 3.4a). In the joint inversion (dispersion curves + HVSRs, section 4.4 in chapter 4), a deep interface identified at around 900 m in ARGE, QUIB, and HLUZ (southern stations), was not detected in the basin's central and northern areas (fig. 4.14). These observations could be interpreted as evidence of a strong deepening of Quito's underlying bedrock interface in a north-to-south direction, from around 300 to nearly 900 m below the surface. Nevertheless, the frequency signals close to 0.2 Hz observed in the crosscorrelation functions in the three-components throughout the basin (e.g., figs. 4.5, 4.7 and 4.9), along with low-frequency f 0 picks found at sites like CSEK (f 0 = 0.42) and MAST (f 0 = 0.42) could indicate that the bedrock is present all along the basin and at a similar depth. Jaya (2009) identified and mapped massive volcanic deposits (lava-flows, volcanic avalanches, VDps) that cover the center and the north of the city (fig. 6.2). Reinterpreting the spatial variability of the f 0 values as a function of the area covered by the VDps, we observe that the overlying seismic stations do not have low-frequency peaks in their HVSR curves (figs. 3.3 and 6.2). Furthermore, the f 0 peaks observed in MAST (0.42 Hz) and CSEK (0.42 Hz) seem to delimit the VDPs' northwestern and eastern edges.

The interface near 300 m depth, observed in the 1D V s profiles obtained through the joint inversion for the stations in the basin's north and center (OBSA, JBPC, INCA, SOCA, HCAL, CRON in fig. 4.14), could also be associated with these VDps. Jaya (2009) in the El Ejido zone (black square in fig. 6.2) reports an approximate depth of 270 m for the lava-flow.

Studies such as [START_REF] Perton | Shear wave structure of a transect of the Los Angeles basin from multimode surface waves and H/V spectral ratio analysis[END_REF] show that the HVSR curve is weakly sensitive to the absolute velocity profile but carries information on relative velocity levels and is particularly sensitive to V s contrasts. So, if the lava-flow and volcanic avalanche deposits have a V s of around 1700 ms -1 , the contrast with the shallow sedimentary soft deposits V s (between 400 and 700 ms -1 ) would create the peak at 0.7-0.8 Hz at the Quito's north and center, and at 1.2 Hz at HCAL and CRON. The HVSR curves at these stations would not be sensitive to the bedrock interface if it is deeper than the volcanic layer. To exemplify the previous idea, theoretical HVSR curves were computed for OBSA and SOCA from the S-wave velocity profiles that were obtained through the joint inversion (red lines in fig. 6.3). Then a additional layer was added to the velocity profiles each 50 m of depth increasing the V s at 40 ms -1 , maintaining a constant Poisson ratio (0.37) typical for sediments. When computing the new theoretical HVSR curves (color lines in fig. 6.3), it is observed that the curves do not show an associated pick with the new interface until it has a depth greater than 1000 m and V s greater than 3000 ms -1 . This example supports the idea that in the center and north of Quito, these volcanic deposits could cover a deep bedrock with characteristics similar to those observed in the south (depth 900 m and V s around 2500 ms -1 ), making it barely visible by the imaging methods used in this study.

P-coda and ambient seismic noise autocorrelograms, shown in chapter 5, confirm the idea of a bedrock interface present all along the basin at a similar depth and the existence of a shallower volcanic layer at Quito's north and center that covers the bedrock. Based on autocorrelation techniques and synthetic models, reflection signals observed in ARGE, QUIB and HLUZ at around 1.5 s, were identified as the sediment/bedrock interface found through the joint inversion at around 900 m below the surface. In figure fig. 5.6a-b this horizon runs along the basin. An intermediate reflection coming from a high contrast around 0.5 s is found preferentially under the stations in the basin's north and center. This layer may correspond to the interface between surface sediments and volcanic deposits described by Jaya (2009).

Quito basin model

Based on the results described, we can argue that:

1. A bedrock is present all along the basin (figs. 5.6 and 6.4), however the V s and depth of this layer have been estimated only at stations south of the city (reddish layer in ARGE, QUIB, HLUZ on fig. 6.4).

2. In the north-central part, the bedrock seems to be overlaid by a geological stratum (yellowish layers in fig. 6.4) not found in the basin's southern part. This layer could correspond to a volcanic-origin formation identified by Jaya (2009, fig. 6.2) based on fieldwork and drilling records. According to the authors this formation is not found to the south of the Quito's basin, and it is only present in the centre and north (fig. 6.2).

3. The limit between shallow sediments (bluish layers in fig. 6.4) and the volcanic-origin formation (yellowish layers in fig. 6.4) could be the interface that produces the HVSR peak at around 0.6-0.8 Hz observed in the basin's north and center (fig. 6.2).

4. As a result of the absence of the volcanic-origin formation (yellowish layers in fig. 6.4) in the basin's south, the sedimentary infilling is thicker in this area, reaching an estimated depth of 900 m under the HLUZ (greenish layers in fig. 6.4). The interface between the bedrock and the sediments would excites the HVSR peak at around 0.3 Hz to the south, generating low-frequency peak amplification observed in this zone. 5. The boundary between surface sediments (bluish layers in fig. 6.4) and intermediate sediments (greenish layers in fig. 6.4) in the south could be the interface that produces a second/third peak in the HVSR curves at around 3 Hz. In the proposed interpretation, the sedimentary infilling material of the northern zone (yellowish layers) is different from that of the south (greenish layers). The baserock would be present through the profile, with a Vs and a depth similar to those observed at the ARGE, QUIB, and HLUZ stations (reddish layer).

Chapter 7

Conclusions and perspectives

Estimating site effects in urban areas is one of the most challenging and essential tasks in seismic hazard studies. Detailed investigations of the subsurface are necessary to understand the ground-motion movements recorded on the surface, while urban planning and seismic risk mitigation are actions that must be based on general information about site effects. Thus, the purpose of this work was to obtain a first general model of the internal structure of Quito basin that could explain the seismic amplifications observed on earthquakes signals recorded in the area. An implicit goal was to evaluate, as far as possible, different techniques of seismic noise interferometry with which the subsurface can be imaged in an urban environment, with the challenges in data processing that this implies.

This thesis used and analyzed the continuous seismic data recorded by a temporary network of 20 seismic stations installed throughout Quito between May 2016 and July 2018 (4BArray).

On the analysis of at least one year of continuous seismic records, we observe that natural ground vibrations (< 1 Hz) together with human-made ground motions (> 1 Hz) drive the seismic noise in the city. The ambient seismic noise is amplified at low frequencies at stations located south of Quito. The analysis of the spatial variability of the fundamental resonance frequency (f 0 ) measured from the HVSR curves shows that the values of f 0 systematically decrease towards the south. The amplification of seismic noise at low-frequencies and the low-frequency f 0 peaks leads us to conclude that the sediment column is thicker in the south than in the north, zoning the city in two (north and south sides).

Using Love waves phase velocity dispersion curves and HVSRs in a joint inversion, we find that the sedimentary column in the southern part of the basin is much thicker (around 900 m) than in the north-central part of the basin, where a strong seismic reflector is found at a depth of around 200-300 m. This result is consistent with the rather low fundamental frequency value (f 0 = 0.28-0.4 Hz) obtained using HVSR in the southern part of the basin and the higher value in the centre-north part. Based on geological studies and the shallow V s values found from the inversion, we favour the hypothesis of differential infilling of the basin. Indeed, a large volcanic deposit exists in the north-central part of the Quito basin that is not present in the southern part. P-coda and ambient seismic noise autocorrelograms seem to confirm the idea of a bedrock present all along the basin and at a similar depth and the existence of a shallower volcanic layer at Quito's center-north that covers the bedrock.

This thick volcanic layer that covers the central and northern parts of the city may play the role of a natural seismic isolator that protects these areas from the strong low-frequency amplification that exists in the south.

The results presented in this paper constitute the first velocity model down to 1 km depth of the Quito basin, a highly populated urban area exposed to high seismic risk. It is a first step towards the detailed structure of the Quito basin we wish to obtain in the future.

All this work allows us to propose some ideas to improve and deepen the knowledge of the basin.

• In this study, the continuous recordings of the temporal 4BArray were used, and it has been demonstrated how valid are the seismic signals recorded by broadband sensors located in an urban environment. This is why the idea of a permanent network of seismometers operating throughout the city should be a goal to achieve in the future. Permanent and good-quality seismic records would improve the knowledge of the basin's structure and be used to understand local seismicity better, learn more about the fault system that limits the city to the east, or better characterize urban noise.

• The inversion results can be significantly improved by introducing parameters that allow the solution to be better constrained. That is why it would be an interesting idea to test in the Quito area a joint inversion between seismic and gravimetric data, with the aim of better constraining the extension and physical properties of the base rock, as well as the formation of volcanic origin found in the center-north of the city.

• Recently, It has been shown how distributed acoustic sensing (DAS) and underground fiber-optic cables in urban environments can be used to image the subsurface structure, calculate spectral relationships and characterize sites. Applying these techniques in Quito would allow us to study the basin in super high resolution and the geometry of the Quito fault system.

• Finally, unsupervised machine learning techniques could be an alternative that can be applied in the future to the seismic database to cluster earthquake signals and background noises.

S U M M A R Y

Quito, the capital of Ecuador, with more than 2.5 M inhabitants, is exposed to a high seismic hazard due to its proximity to the Pacific subduction zone and active crustal faults, both capable of generating significant earthquakes. Furthermore, the city is located in an intermontane piggy-back basin prone to seismic wave amplification. To understand the basin's seismic response and characterize its geological structure, 20 broad and medium frequency band seismic stations were deployed in Quito's urban area between May 2016 and July 2018 that continuously recorded ambient seismic noise. We first compute horizontal-to-vertical spectral ratios to determine the resonant frequency distribution in the entire basin. Secondly, we cross-correlate seismic stations operating simultaneously to retrieve interstations surfacewave Green's functions in the frequency range of 0.1-2 Hz. We find that Love waves travelling in the basin's longitudinal direction (NNE-SSW) show much clearer correlograms than those from Rayleigh waves. We then compute Love wave phase-velocity dispersion curves and invert them in conjunction with the HVSR curves to obtain shear-wave velocity profiles throughout the city. The inversions highlight a clear difference in the basin's structure between its northern and southern parts. In the centre and northern areas, the estimated basin depth and mean shearwave velocity are about 200 m and 1800 ms -1 , respectively, showing resonance frequency values between 0.6 and 0.7 Hz. On the contrary, the basement's depth and shear-wave velocity in the southern part are about 900 m and 2500 ms -1 , having a low resonance frequency value of around 0.3 Hz. This difference in structure between the centre-north and the south of the basin explains the spatial distribution of low-frequency seismic amplifications observed during the M w 7.8 Pedernales earthquake in April 2016 in Quito.

Key words: Seismic interferometry; Seismic noise; Side effects; Surface waves and free oscillations.

I N T RO D U C T I O N

Quito, the capital city of Ecuador (Fig. 1a), is situated in a zone of high seismic and volcanic activities. With a population of 2.5 million people living in a significant percentage of dwellings that do not follow any seismic code, the city is susceptible to high seismic risk. Quito is located inland at about 180 km from the Pacific subduction zone, at 2800 m above sea level in the Inter-Andean Valley. Quito's shape is elongated in the NNE-SSW direction and has a length of approximately 40 km, while in its central area, the width (east-west) is only 5 km (Fig. 1b).

The city has been built on a piggy-back basin developed on the hanging wall of an active reverse fault system named the Quito Fault System (QFS, Fig. 1b). The QFS is a blind N-S striking, westdipping thrust, whose geomorphological expression at the eastern part of the city is a succession of moderate hills (Alvarado et al. 2014). In recent studies, Alvarado et al. (2014) and [START_REF] Mariniere | Geodetic evidence for shallow creep along the Quito fault, Ecuador[END_REF] report that the QFS accommodates an average of 3-5 mm yr -1 of horizontal shortening. Based on the analysis and modelling of GPS data and InSAR, a weak rate of elastic deformation accumulation and a shallow locking depth (less than 3 km) have been identified. Moreover, an aseismic slip is taking place at shallow depths in the central segment of the QFS and its associated shallow creep decreases from the centre towards the south and north segments of the fault system, suggesting a heterogeneous strain accumulation in the fault system [START_REF] Mariniere | Geodetic evidence for shallow creep along the Quito fault, Ecuador[END_REF] et al. (2010) report that five earthquakes were felt in the city with MSK intensities in the VII-VIII range in the last 500 yr, most of them related to the Nazca Plate subduction zone. Nevertheless, the authors mention a crustal event in 1587 probably related to the QFS with an estimated magnitude between 6.3 and 6.5. In general, the QFS produces moderate-size earthquakes with predominantly reverse focal mechanisms (Alvarado et al. 2014;[START_REF] Vaca | Active deformation in Ecuador enlightened by a new waveform-based catalog of earthquake focal mechanisms[END_REF], and since the development of the Ecuadorian seismological network in the early 1990s, seven earthquakes of magnitude larger than 4.0 have been recorded and located in the Quito area (Alvarado et al. 2018). Two of them had magnitudes greater than 5.0, one in 1990 (M w 5.3) and the other in 2014 (M w 5.1, Fig. 1b), both associated with the QFS [START_REF] Beauval | Probabilistic seismic-hazard assessment in Quito, estimates and uncertainties[END_REF].

The basin is filled with volcano-sediments, lacustrine-type sediments, alluvial, colluvial and lahar deposits (Alvarado et al. 2014). The nature and thickness of these infilling materials are poorly known, and studies such as Jaya (2009) and Alvarado et al. (2014) suggest that the spatial extent (horizontal and vertical) of these deposits is highly heterogeneous. Characterizing the seismic response of the Quito basin is important because basin effects can have a dramatic influence on the ground motions generated by earthquakes (e.g. Bindi et al. 2009). [START_REF] Guéguen | An indication of the soil topmost layer response in Quito (Ecuador) using noise H/V spectral ratio[END_REF] performed ambient seismic vibration measurements at 673 sites along the basin using three-component seismic sensors of 1 Hz. Applying the so-called horizontal-to-vertical spectral ratio (HVSR) technique, introduced by Nakamura (1989), on signals recorded at a sampling frequency of 100 Hz during 2 min, they observed one frequency peak around 1-2 Hz at most sites. Ten per cent of sites located in the basin's central axis also presented a second peak between 5 and 8 Hz. Nevertheless, the authors could not study frequencies lower than 1 Hz because of the limited frequency band of the short-period sensors, the lack of instrumental correction in data processing, and the quite short recording time.

Recently, Laurendeau et al. (2017) analysed earthquake recordings of the National Strong Motion Network (RENAC) operated since 2010 in Quito by the Instituto Geofísico-Escuela Politécnica Nacional (IG-EPN). They identified a basin response that varies between the northern and southern parts of the city. Computing the eHVSR (earthquake horizontal-to-vertical spectral ratio) of 179 earthquakes and the Standard Spectral Ratio (SSR) of 28 earthquakes, the authors identified the main frequencies of potential site amplification at each of the 18 stations. For all the southern stations, a low-frequency peak (around 0.3-0.4 Hz) is present in both spectral ratios (eHVSR and SSR). In contrast, in the stations located in the city's central and northern parts, the spectral ratios remain relatively flat at frequencies below 2 Hz. This different seismic response in the northern and southern part of the basin was confirmed by the largest earthquake recorded by the network (Pedernales earthquake, 16 April 2016, M w 7.8), with larger amplitudes and much longer durations in the southern part of the city. These results suggest that the bedrock interface and overlying sediments are far from being continuous along the basin. Apart from these observations, the fundamental parameters controlling the seismic amplification, such as the thickness and the shear-wave velocities of the infilling material and the seismic bedrock's geometry, remain unknown.

The high population density and building concentration make geotechnical (boreholes) and geophysical (active seismic) studies rather difficult and expensive to carry out. When performed, they only explore the first few tens of metres of soil. In such cases, passive seismic methods based on continuous recordings of ambient seismic noise by temporary networks installed in urban areas are attractive because of the field logistic's simplicity. Therefore, they represent an alternative and powerful tool to investigate both shallow and deeper geological structures, from tens to thousands of metres (e.g. Ma & Clayton 2016;[START_REF] Manea | Improving the shear wave velocity structure beneath Bucharest (Romania) using ambient vibrations[END_REF][START_REF] Vassallo | Seismic noise cross-correlation in the urban area of Benevento city (Southern Italy)[END_REF].

It has been theoretically shown that the cross-correlation of ambient noise recorded at pairs of seismic stations can provide an estimate of the Green's functions between receivers (e.g. [START_REF] Larose | Imaging from onebit correlations of wideband diffuse wave fields[END_REF]Wapenaar 2004). This technique has been proven by several applications in different areas of the world and different geological environments, from global to regional and local scales (e.g. [START_REF] Shapiro | Highresolution surface-wave tomography from ambient seismic noise[END_REF][START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF][START_REF] Zheng | Surface wave tomography of China from ambient seismic noise correlation[END_REF][START_REF] Kästle | Surface wave tomography of the alps using ambient-noise and earthquake phase velocity measurements[END_REF]. Since not long ago, ambient noise cross-correlation studies in urban environments were used to obtain the geometry of the bedrock-sediment interface and the shear-wave velocity profiles in densely populated cities located on sedimentary basins. In Jakarta-Indonesia, for example, using Green's functions recovered from seismic noise, Saygin et al. (2015) performed a Rayleigh wave tomography and developed a high-resolution shear-wave velocity model, in the frequency range of 0.2-2 Hz. Ma & Clayton (2016), applying ambient noise and receivers function analysis, derived a shear-wave velocity and structural model for Los Angeles basin. Using a dense network of sensors, they found that the depth of the sediments in Los Angeles varies from 4 to 8 km deep. On a smaller scale, [START_REF] Pastén | Deep characterization of the Santiago Basin using HVSR and cross-correlation of ambient seismic noise[END_REF] using surface-wave group and phase velocities obtained from ambient noise cross-correlations, characterized the geological structure under three zones in the Santiago basin (Chile). Similarly, in the urban area of Benevento city (southern Italy), [START_REF] Vassallo | Seismic noise cross-correlation in the urban area of Benevento city (Southern Italy)[END_REF] cross-correlated 1 month of ambient seismic noise to reconstruct Rayleigh waves travelling between pairs of stations in the basin. They inverted phase-velocity dispersion curves to estimate 1-D representative shear-wave velocity profiles, finding two main seismic interfaces at a depth of about 250 and 400 m in the basin.

Because seismic noise in cities is predominantly driven by numerous processes such as cultural life, traffic and the production and transportation of all kinds of goods, much of the recurring and timedependent seismic signals are generated and emitted by humanmade physical processes. These anthropic ground movements overlap with natural ground vibrations (wind-induced tremors, ocean waves or earthquakes) to form highly variable spatial and temporal seismic environmental noise. These characteristics make the analysis of recorded ambient noise within cities particularly challenging.

Inspired by these previous studies and with the aim to image the depth of the seismic bedrock and determine the seismic wave's velocities, we deployed a temporal seismic network throughout the Quito basin from May 2016 to July 2018 (Table 1). This network installation was part of a large research project involving several French and Ecuadorian institutions (Cerema, Géoazur and IG-EPN) to study the hazard and seismic risk.

In this paper, we present the ambient noise experiment results in the city of Quito, which focuses on the location of the sedimentbedrock interface that plays a critical role in seismic amplification and its spatial variability. In the coming sections, we briefly introduce the Quito seismic experiment and the characteristics of recorded seismic noise in the urban environment. We calculate HVSR curves and determine the fundamental frequency (f 0 ) per seismic station and its spatial variation throughout the basin. The cross-correlation computation of continuous ambient noise for all seismic station pairs is carried out, and we retrieve Love wave phasevelocity dispersion curves along the basin. Finally, we jointly invert HVSR and phase-velocity dispersion curves to obtain 1-D shearwave velocity models for ten seismic stations located throughout the city. The results introduced by this research are the first step towards the detailed structure of the Quito basin we attempt to obtain in the future.

Q U I T O S E I S M I C E X P E R I M E N T

Between May 2016 and July 2018, 20 broad and medium frequency band three-component seismological stations were deployed progressively throughout the city to record ambient seismic noise for a year or more (referred from here as the 4B-array, [START_REF] Mercerat | ANR-remake Quito basin (Remake Quito), International Federation of Digital Seismograph Networks[END_REF]. The interstation distances of the 4B-array varied from 1.8 to 32 km (see Fig. 1b and Table 1). The altitude difference between the highest (ROQE) and lowest (PUEM) stations was 780 m. The stations located in the south are, on average, 100 m higher than the stations located in the northern part of the city (Table 1). The array was equipped with different three-component seismic instruments: 16 stations consisted of medium frequency band velocity sensors (Guralp CMG-40T 5s), 10 of them had a 24-bit ADC Guralp acquisition and digitization system (CMG DM24) and 6 of them had a 24-bit ADC Agecodagis acquisition and digitization system (Kephren). Four stations were equipped with a broadband velocity sensor (Nanometrics Trillium Compact 120s) and a 24bit ADC Reftek acquisition and digitization system (RT 130). The velocity sensors were buried 50-80 cm below the ground surface, placed over a 3-cm-thick granite plate, and entirely covered by the ground soil. All digitizers were continuously synchronized using GPS antennas, and data were recorded continuously at a sampling frequency of 200 Hz and collected from the field every 3 months maximum. The acquired raw data was then converted and organized into a 1-day-long mseed database, composed of 9497 threecomponent (north, east and vertical) traces.

S E I S M I C N O I S E A N A LY S I S

We compute hourly power spectral densities (PSD) and their probability density functions (PDF), to characterize the background seismic noise level in the city of Quito. Continuous three-component (north, east and vertical) seismic data acquired in the 4B-array is analysed following the methodology detailed in McNamara & Buland (2004) and Nakata et al. (2019). We parse 1-day-long files, for each station component, into 1-hour time segments. To further reduce the final PSD estimate variance, each 1-hr segment is divided into 13 subsegments, overlapped by 75 per cent.

We compute the spectrum in each of the 13 subsegments; individual spectrums are then averaged together to estimate the hourly PSD. We remove the nominal instrumental response to attain hourly PSD in ground motion units, expressed in decibels (dB) with respect to acceleration (0 dB = 1 m 2 /s 4 /Hz). Acceleration PSD is a standard format for referencing noise at a seismic station to both global background noise models (Peterson 1993) and self-noise models of seismic instrumentation (e.g. Ringler & Hutt 2010). Once the hourly PSDs are calculated, to reduce the number of samples, we use one octave of data around each extracted frequency at one octave intervals. The daily PDFs are an aggregate of 47 PSDs, each representing 60 min of ground motion and overlapping with the next hourly PSD by 30 min. We obtain the daily representative spectrum (statistical mode) by extracting the most frequent noise level for each frequency from daily PDFs.

To fully characterize the seismic noise levels, we generate longterm PDFs from hundreds of hourly PSDs processed using the method described before for each station component. The long-term representative spectrums are computed from long-term PDFs. New Low Noise Model (NLNM) and New High Noise Model (NHNM, Peterson 1993) are used as a reference to assess the quality of the chosen sites. For the computations, we use an open-source bundle of three highly configurable Python scripts (Noise Toolkit NTK from [START_REF] Hutko | Data products at the IRIS-DMC: growth and usage[END_REF].

Fig. 2 shows a comparison of the long-term PDFs for four seismic stations of the 4B-array. For frequencies between 0.1 and 1 Hz, the representative spectra of long-term PDFs are within the zone defined by NLNM and NHNM levels for all the stations. On seismic stations composed of medium frequency band sensors (T = 5 s) such as ARGE, DELA or PUEM (Fig. 2), the instrumental noise increases at frequencies lower than 0.1 Hz, and the horizontal components overcome the NHNM level for frequencies less than 0.05 Hz. Conversely, for the stations with broad-band sensors like PARU (Fig. 2), the power level in the primary microseism band (0.05-0.07 Hz) is well under the NHNM level.

For frequencies greater than 1 Hz, all stations exhibit noise levels higher than the NHNM level (Figs 2 and 3), which have been related to the anthropic activity in highly urbanized areas (McNamara & Buland 2004;[START_REF] Boese | Analysis of anthropogenic and natural noise from multilevel borehole seismometers in an urban environment, Auckland, New Zealand[END_REF][START_REF] Díaz | Urban seismology: on the origin of earth vibrations within a city[END_REF]. To analyse seismic noise subdaily variations, such as anthropogenic influences due to night-day differences, we accumulate the PSDs in hourly bins and compute PDFs for each hour of the day over a year (July 2017-July 2018) in all station components. We also plot the PDF of representative spectra as a function of the hour [in Coordinated Universal Time (UTC) and local time (LT)] at stations DELA and PUEM (Fig. 3). At lower frequencies (<1 Hz), the noise levels in the horizontal components (north and east) are higher than in the vertical (Figs 2 and3). We observe this behaviour in all 4B-array stations in this frequency band.

Between 1 and 10 Hz, the night-day difference is in the order of 15-20 dB (Fig. 3). This pattern of increased noise during the daylight working hours is observed at every station in the array. The level of seismic noise and the duration of the quiet period vary between stations. For example, in Fig. 3, we observe a decrease in the noise level in PUEM between 01-and 10-hr UTC (20-and 05-hr LT) for frequencies higher than 5 Hz, while in DELA, the seismic noise decreases between 04-and 08-hr UTC (23-and 03-hr in LT) for frequencies greater than 1 Hz. We compute monthly and weekly PDF for all the stations, but no evident seasonal variations are observed.

The frequency range between 0.01 and 0.1 Hz is not of interest to our study because of the very high instrumental noise, mainly observed in the seismic stations with Guralp CMG-40T 5 s sensors (Figs 2 and3). Ambient noise from oceanic sources dominates the frequency band between 0.1 and 1 Hz, even with the 4B-array seismic stations installed in a highly urbanized area. In this frequency band, representative PDF spectra is within the NLNM and NHNM curves calculated by Peterson (1993). The lack of seasonal variations indicates that oceanic noise sources were stable during the study period. The cultural noise (e.g. [START_REF] Boese | Analysis of anthropogenic and natural noise from multilevel borehole seismometers in an urban environment, Auckland, New Zealand[END_REF][START_REF] Díaz | Urban seismology: on the origin of earth vibrations within a city[END_REF] dominates the frequency spectrum at high frequencies (approximately >1 Hz). In this range, the spectrograms clearly show diurnal and weekly variations. Due to the issues discussed herein, we decide to use both oceanic and coherent cultural noise in the frequency band between 0.1 and 10 Hz for this study.

H O R I Z O N TA L -T O -V E RT I C A L S P E C T R A L R AT I O S ( H V S R )

To obtain the resonant frequency for each seismic station of the 4Barray, we use the well-known HVSR technique. HVSR provides a measure of the fundamental resonance frequency at a given site (e.g. Nakamura 1989;Castellaro 2016;[START_REF] Molnar | Application of microtremor horizontal-to-vertical spectral ratio (MHVSR) analysis for site characterization: state of the art[END_REF][START_REF] Nakamura | What is the nakamura method?[END_REF]) and works particularly well in the case of 1-D plane-parallel stratigraphy.

Similar to the approach described in [START_REF] Mcnamara | Site response in the eastern United States: a comparison of Vs30 measurements with estimates from horizontal:vertical spectral ratios[END_REF], we use available PDFs to compute HVSRs using daily and long-term representative spectrums. We then calculate the spectral ratio of the horizontal by vertical representative spectra derived from daily and long-term PDFs at a single three-component seismic station. Because two perpendicular (north and east) ground motion components are measured at the seismic stations, to combine the horizontal Fourier spectra, we use the Diffuse Field Assumption Method (DFA) proposed by Sánchez-Sesma (2011) (M1), and also the methods referenced by [START_REF] Pacheco | Combining horizontal ambient vibration components for H/V spectral ratio estimates[END_REF]: arithmetic mean (M2), geometric mean (M3), vector summation (M4), quadratic mean (M5) and maximum horizontal value (M6). All calculations were done using the IRIS Toolbox proposed by [START_REF] Bahavar | Horizontal-to-vertical spectral ratio (HVSR) IRIS station toolbox[END_REF]. By using six HVSR calculation methods (Fig. 4b), we expect robust results in determining the resonance frequency at each site. To determine the resonance frequency, we identify all significant peaks (f s ) in the spectral ratio curves (larger than 1.5), and then choose the lowest frequency peak (f 0 ) as the site resonance frequency. We compute HVSR in the 0.1-10 Hz frequency range because [START_REF] Guéguen | An indication of the soil topmost layer response in Quito (Ecuador) using noise H/V spectral ratio[END_REF] and Laurendeau et al. (2017) identified the main resonance frequency for the Quito basin within this frequency band.

Fig. 4(a) shows the long-term PDFs representative spectra calculate for the north, east and vertical components for ARGE (south of the city), DELA (north of the city) and PARU (west of the city) stations. The long-term HVSR curves calculated using the six methods described above are shown in Fig. 4(b). In each example, the shape of the spectral ratio curves is similar (Fig. 4b), and differences in the location of HVSR peaks in the frequency axis are negligible; however, M1 and M4 methods show higher amplitudes in the HVSR curves than the other methods (Fig. 4b). The larger HVSR values for M4 are due to the √ 2 factor in the technique (magnitude of the sum of two-unit orthogonal vectors √ 2, Albarello & Lunedei 2013). These larger M4 values are comparable to M1 values because the PSD of the Fourier transform of the i component of displacement used in the DFA approach behaves as vectors of averages (Sánchez-Sesma 2011; [START_REF] Bahavar | Horizontal-to-vertical spectral ratio (HVSR) IRIS station toolbox[END_REF]. In most of the seismic stations of the 4B-array, we observe that the shape of the daily HVSR curves does not change substantially over the year (as an example, see ARGE and PARU stations in Fig. 5), and the value of f 0 is stable over time (Fig. 5).

To investigate the azimuthal variability in the HVSR curves, we rotate the two horizontal components (north and east) to obtain a representative horizontal time-series by 10 • steps, starting from 0 • N to 180 • N. We first compute hourly rotated HVSR curves at each station to observe variations related to the anthropic activity. The polar diagrams present in Fig. 6(b) show the azimuthal variation of the HVSR curves for ARGE at 07:00 (UTC) and 17:00 (UTC), hours in which there is the lowest and highest anthropic activity in Quito, respectively (Fig. 3). Although a slight difference is observed in curves' amplitudes, no significant changes in shape are present. Moreover, when we compare the long-term HVSR curve calculated in ARGE (M3 in Figs 4b and6c) with the azimuthal average HVSR curves of 07:00 and 17:00, the variations observed are minor (Fig. 6c). In a more general view, when we calculate and average the rotated daily HVSR curves for each station, directional effects are not evident in the polar diagrams (Fig. 6d). The f 0 pick recorded in the stations is almost independent of the azimuth, and at the same time, the amplitude of the f 0 peak does not vary much, for example, in SOCA (north), ROQE (centre) and HLUZ (south); while HCAL (north), INAQ (centre) and ARGE (south) f 0 amplitude variations with respect to azimuth are observed. Nor are directional effects observed in stations located outside the Quito basin, such as PUEM or SVAC (Fig. 6).

Considering that f 0 is independent of the time window, azimuth, or the method used for the HVSR computations, we map f 0 for the seismic stations throughout Quito to study the resonant frequency's spatial variability (Fig. 7). In the southern part of the city (ARGE, QUIB and HLUZ), we estimate f 0 near 0.3 Hz, while in the basin's centre (DELA, INCA, OBSA, QUEM and HSUR), f 0 is about 0.6 Hz. SOCA and PARU have f 0 near 0.7 Hz. GARO and SVAC, located in city's southeastern part, show f 0 at 0.8 Hz. In the northern part, MAST has f 0 at 0.4 Hz. In CRON and HCAL, we estimate f 0 around 1.2 Hz, and in ROQE (eastern flank of the Pichincha volcano, Fig. 1b) at 2.6 Hz. PUEM, located outside the Quito basin, has a complex shape in its HVSR curve, without a clearly identifiable peak. At frequencies higher than 2 Hz, we also find high-frequency peaks (f p ) around 3 Hz in the JBPC, ARGE, HLUZ and SVAC. Finally, a west-east profile formed by JBPC, INAQ and CSEK shows rather complex shapes and the presence of several peaks. In JBPC, no clear peak is identified, while INAQ presents f 0 around 0.5 Hz, and in CSEK, the f 0 is near 0.4 Hz (Fig. 7a).

To summarize all these results, we present in Fig. 7(a) an image of the long-term HVSR curves obtained using the M4 method for all the stations ordered from north to south, and we mark f 0 at each station (black vertical lines in Fig. 7a). The seismic stations located in the western part of the basin (the western side in Fig. 7a) and those located at the east (the eastern side in Fig. 7a) do not show any evident variation of f 0 as a function of latitude. In the central part of the basin (central profile in Fig. 7a), the value of f 0 clearly decreases southward (ARGE, QUIB and HLUZ). Applying a linear interpolation, we use the measured f 0 values to draw up an iso-resonance frequency map. To improve the results of the linear interpolation, we utilize the f 0 values from the strong-motion (accelerometer) stations VILF (0.41 Hz), ZALD (0.34 Hz) and LILI (0.36 Hz) published in Laurendeau et al. (2017). These f 0 values were obtained using eHVSR and SSR methods. These three strong-motion stations are located in Quito's southern zone and complement and densify the values of f 0 in this sector (Fig. 7b). 

M U LT I C H A N N E L C RO S S -C O R R E L AT I O N A N A LY S I S

In addition to the previous single-station analysis of ambient noise data recorded by the 4B-array, we apply a multistation analysis to fully exploit the data's information. Cross-correlation based analysis is a powerful tool to extract information about wave propagation inside the medium and, if possible, invert dispersion data to obtain shear wave velocities. The spatial and temporal coverage of the 4Barray represents the first opportunity to carry out this type of study in the Quito basin.

Data processing

We analyse continuous data from the 20 stations of the 4B-array recorded between May 2016 and July 2018 to compute crosscorrelations between all possible pairs of station-components.

To estimate the interstation Green's functions, we follow the procedure introduced by [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF] with some modifications. We divide continuous 1-day-long data into time segments with a duration of 60 min (3600 s). We then remove the mean and the linear trend before applying an instrumental response correction. We down sample each trace to 50 Hz. We then apply a spectral whitening to the 1-hr traces (1) to equalize their spectral amplitude content, (2) to minimize the contribution of the most energetic signals present in the data and the possible persistent monochromatic sources and (3) to broaden the frequency band of the surface waves dispersion measurements (Lin et al. 2008). We attempt to suppress the effects of earthquakes and local non-stationary noise sources around the stations. Instead of applying the traditional 1-bit normalization, we used an automatic gain control (AGC) operator with a window length of 5 s proposed by Behm et al. (2013). We perform hourly cross-correlation in the time domain between all possible station-components, using time lags between -200 and 200 s, because we expect to observe the highest dispersed surfacewave train at the longest inter-station distance (32 km) in this time window. To enhance the coherent signals, we stack the hourly crosscorrelation functions for every station pair using two algorithms: (1) a linear time stack (e.g. [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF]Lin et al. 2008) and(2 f). The spectrum of the 1-yr signal corresponding to the ts-PWS (Fig. 8f) clearly shows these two frequency band peaks. The non-coherent high-frequency amplitudes decrease drastically comparing 1-yr ts-PWS with 1-day or 1-week ts-PWS (Figs 8e andg).

To quantify signal emergence with increasing time-series length in cross-correlations, we define the 'signal' as the maximum amplitude peak measured between lag times 0-25 s and the 'noise' as the root-mean-square (RMS) of the amplitude values between lag times 8d andh), are about an order of magnitude greater using the ts-PWS compared with the linear-stack. In this frequency band, the SNR value observed using the 1-month time-series is almost the same as that observed for time-series of 6-months or 1-yr. For cross-correlations filtered between 0.5 and 2 Hz (squares in Figs 8d andh), the SNR values using the linear stack algorithm are low, even using 1-yr of data.

Since ts-PWS is a non-linear stacking method, it can extract a signal, discarding the incoherent noise between 0.5 and 2 Hz, mainly present in an urban context (traffic noise), and clearly exhibits higher SNR values.

We obtain the best results using the ts-PWS algorithm (Figs 8e to h). In general, for the cross-correlation functions of the stations of the 4B-array in the frequency range between 0.1 and 0.5 Hz a coherent signal emerges from the stack of 1 week, and it is stable after 1 month of data. Between 0.5 and 2 Hz, a coherent signal emerges from 1 month, and it is stable after stacking 6 months of data. As exemplified in Fig. 8(f), coherent signals only were observed for frequencies between 0.1 and 2 Hz, even when using 1-yr data. As a final processing step, the nine components of the Green's tensor were obtained by rotating the original nine components (EE, EN, EZ, NE, NN, NZ, ZE, ZN, ZZ; E = east, N = north, V = vertical) using the procedure described in Lin et al. (2008). The first and second characters in the components of the Green Tensor (RR, RT, RZ, TR, TT, TZ, ZR, ZT and ZZ; R = radial, T = transverse, Z = vertical, Fig. 9) represent the direction of the source-side and the receiver-side stations, respectively.

Cross-correlations features in the urban area of Quito

Spectral analysis for the nine components of the Green's tensor shows that coherent signals that emerged from ts-PWS have energy mainly between 0.1 and 2 Hz (Fig. 9), for this reason, we filter the Green's tensor in this frequency band. Clear wave propagation patterns are identified in this plot at both positive and negative correlation lags. As expected, the RR, RZ, TT, ZR and ZZ components show much more consistent wave energy than the others. For most station pairs, the predominant signal visible in the TT component is outstanding (Figs 9 and 10).

In the ZZ component, a large amplitude signal is observed around t = 0 up to an inter-station distance of 25 km (Fig. 9). Clear waveforms near t = 0 are often observed in previous ambient noise correlation studies (e.g. [START_REF] Villaseñor | Ambient noise surface wave tomography of the Iberian Peninsula: implications for shallow seismic structure[END_REF]Poli et al. 2011; Taylor et al. 2019) though the physical reason is not completely clear. In our case, they are possibly associated with the ocean generated ambient seismic noise coming from the Pacific or the Atlantic oceans nearly with an EW azimuth and therefore arriving almost at the same time to all stations in the basin. We think this is a viable explanation because the dominant frequency for this zero-lag peak is around 0.3 Hz. However, teleseismic body wave energy that arrives at the stations at a near-vertical incidence angle could also explain the zero-lag peaks in the vertical component's correlation functions (e.g. [START_REF] Landès | Origin of deep ocean microseisms by using teleseismic body waves[END_REF][START_REF] Hillers | Interaction of microseisms with crustal heterogeneity: a case study from the San Jacinto fault zone area[END_REF]. Rayleigh waves are observed in the cross-correlation functions between the vertical and radial components (RR, RZ, ZR and ZZ), whereas Love waves are observed in TT components (Fig. 9).

We use the RR, TT and ZZ cross-correlation functions obtained by cross-correlating JBPC with all other stations to analyse the seismic wave propagation along the Quito basin. JBPC is located approximately in the centre of the 4B-array (Figs 1 and 10), with distances to the northernmost (CRON) and southernmost (GARO) stations around 15 and 17 km, respectively. In Fig. 10, we take the cross-correlation functions presented for JBPC in Fig. 9 (Fig. 10a) and filter them between 0.1-0.5 Hz (Fig. 10c) and 0.5-2 Hz (Fig. 10d). The acausal part of the cross-correlation functions corresponds to energy propagating from JBPC, and the causal parts represent the energy propagating towards JBPC. In general, we observe two groups of waves travelling across the basin, one at low frequencies (0.1-0.5 Hz, sections b and c in Fig. 10), and another at high frequencies (0.5-2 Hz, sections b and d in Fig. 10). In the case of low-frequency waves, the acausal and causal parts are symmetrical and without significant variations in amplitude or phase (panel c in Fig. 10). On the other hand, significant asymmetry is observed in the amplitude and spectral content of acausal and causal signals with frequencies above 0.5 Hz (section d in Fig. 10). This behaviour suggests that the distribution of noise sources is frequencydependent. Waveforms in the TT component are much clearer than waveforms in the RR or ZZ components, especially at frequencies higher than 0.5 Hz (sections b and d in Fig. 10). The strongest signals in the TT component's causal parts between QUEM and JBPC and TT component's acausal parts north of JBPC may indicate that the noise propagation is more efficient in the south-to-north direction for Love waves at frequencies higher than 0.5 Hz (section d in Fig. 10). This behaviour is also dimly observed in the RR and ZZ components. In this frequency band, we do not observe clear, coherent signals south of QUEM in any component (section d in Fig. 10).

To invert the dispersion curves and further suppress the incoherent signals, we average the positive and negative sides of the crosscorrelation functions between 0.1 and 2 Hz to obtain what is called the symmetric signal. This operation has been commonly used in various applications of the cross-correlation technique [START_REF] Bensen | Processing seismic ambient noise data to obtain reliable broad-band surface wave dispersion measurements[END_REF]Lin et al. 2008;[START_REF] Asano | Surface wave group velocity in the Osaka sedimentary basin, Japan, estimated using ambient noise cross-correlation functions[END_REF][START_REF] Vassallo | Seismic noise cross-correlation in the urban area of Benevento city (Southern Italy)[END_REF] in order to better approximate the Green's function between stations pairs. To perform the time-frequency analysis, we focused on the symmetric cross-correlation functions. In Fig. 11, we present amplitude cross-correlation spectrograms corresponding to the 10-station profile that is approximately aligned with basin's elongation and take JBPC as a virtual source. The term virtual source refers to the principle of reconstructing seismic responses by cross-correlating seismic wavefield records obtained at different receiver locations. The function or waveform obtained by cross-correlating the two receiver recordings can be interpreted as the response that would be measured at one of the receiver locations as if there was a source at the other location (e.g. [START_REF] Wapenaar | Tutorial on seismic interferometry: Part 1-basic principles and applications[END_REF]. The symmetric cross-correlation signal represents, as best as we can, the interstation Green's function mainly composed of surface waves travelling from one seismic station to the others (e.g. [START_REF] Wapenaar | Tutorial on seismic interferometry: Part 1-basic principles and applications[END_REF].

In general, clear dispersion of surface waves is observed in the TT component north of QUEM (central part of the basin). This dispersion effect suggests a satisfactory recovery of Love waves dispersion. On the other hand, waveforms with dispersive characteristics are relatively rare in RR and ZZ components, as we can readily see in Figs 9, 10 and 11. In the RR component, we observe the dispersion effect at distances less than 4 km to the north of JBPC and at distances less than 6 km to the south of JBPC (Fig. 11). A signal of approximately constant frequency content around 0.3 Hz dominates the spectrograms of the ZZ component, and the energy at higher frequencies is almost absent (Fig. 11). In the spectrograms, frequencies higher than 0.5 Hz are not observed for stations south of QUEM (Fig. 11). This affects the possibility to perform satisfactory surface waves group velocity measurements. Signals with frequencies lower than 0.5 Hz are present in all spectrograms. The duration they reach (around 15-20 s) in the symmetric cross-correlation functions between JBPC and ARGE, QUIB, HLUZ and GARO stations is outstanding (Fig. 11). This may indicate the presence of low frequency waves trapped in the southern part of the basin, which deserves more attention and research in the future. The attenuation of frequencies higher than 0.5 Hz in the cross-correlation functions with ARGE, QUIB and HLUZ stations may also be related to structural changes (depth of the basement) or changes in the anelastic properties of the sedimentary infill. Love waves on the TT components protrude, and they exhibit clear phase velocity dispersion and present much higher SNR than Rayleigh waves (RR or ZZ components). Due to the evidence described herein, we decided to use the symmetric signals of the TT component in the next section when inverting the velocity structure of the basin.

1 -D S H E A R -WAV E V E L O C I T Y P RO F I L E S F RO M J O I N T I N V E R S I O N O F P H A S E V E L O C I T Y D I S P E R S I O N A N D H V S R C U RV E S

Due to the elongated shape of the Quito basin and the seismic stations' distribution in the 4B-array, we use the symmetric crosscorrelation signals of the eleven stations analysed in Fig. 11, together with the profile formed by the PARU, JBPC, INAQ and CSEK stations, to obtain, as a first step, phase velocity dispersion curves. This 11-station profile has the advantage of having seismic stations distributed from north to south and is more or less aligned with the direction of maximum elongation of the Quito basin. We divide it into three virtual source gathers that traverse the city (Fig. 12).

A section of symmetric cross-correlation traces in the north part of the basin, with a virtual source at CRON (Line-1 on map in 12), is compared with gathers located in the centre (Lines 2 and 4 on the map in Fig. 12), and in the south of the basin (Line-3 on the map in Fig. 12). Lines 1, 2 and 3 are approximately parallel to the basin's NNE-SSW elongation, while Line 4 perpendicularly transects the basin near its middle zone. In Fig. 12, the symmetric cross-correlation sections of the four lines are shown in the waveforms panel. Traces are arranged according to their distance (offset) between the virtual source (red dots on the map in Fig. 12) and the receiver (colour dots on the map in Fig. 12). The azimuths between virtual source and receivers for Lines 1, 2, 4 are relatively homogeneous, with variations less than 15 • . Line 3 (covering the southern part of the basin) presents slightly higher differences in interstation azimuths. For the calculation of phase dispersion curves (dispersion images panel in Fig. 12), we compute the Love wave phase velocity spectra applying a frequency-phase velocity transform. This technique consists of the summation, at each frequency, of wave fields present in all traces travelling with a selected phase velocity. This operation produces a so-called dispersion image or dispersion spectrum (Park et al. 1999;Park 2011).

Clear phase dispersion trends are observed between 0.15 and 1.25 Hz for Lines 1, 2 and 4. On the other hand, for Line 3, the coherent energy in the dispersion image fades for frequencies higher than 0.35 Hz. We manually picked the phase dispersion curves for the fundamental mode (green dots in dispersion images panel in Fig. 12), looking for the maximum amplitude around each selected point in Love wave phase velocity dispersion images. Manually picked dispersion curves in Lines 1, 2 and 4 are more or less similar, with smooth curves between 0.15 and 1.25 Hz. The dispersion curve in Line 3 (southern zone) shows a different shape, with a rapid increase in phase velocity between 0.2 and 0.35 Hz. Parametrization units are distinguished, the inversion procedure began with establishing parameters ranges for general models of two layers over a half-space. Seismic velocities, density, thickness and Poisson's ratio of each layer obtained from the previous dispersion curves inversion (Fig. 12) were used as initial models. We carried out the joint inversion assigning equal weights to HVSR and dispersion curves. Unlike other seismic stations, since three peaks are visible on the HVSRs of JBPC and HLUZ, a general model of three layers over a half-space has been considered. In the joint inversion of the HVSRs of the CRON, HCAL and SOCA, we use the dispersion curve corresponding to Line 1 (Fig. 12), with the HVSRs of JBPC, OBSA and QUEM, we use the dispersion curve corresponding to Line 2 (Fig. 12), while with the HVSRs of ARGE, QUIB, HLUZ and GARO, we use the dispersion curve of Line 3 (Fig. 12). We decided not to do a joint inversion using the INCA HVSR due to the anomalous f 0 amplitude value (close to 10, Fig. 7a). We have no certainty that this value is not influenced by soil saturation or a tilt in the seismometer base, among other things.

Figs 13(a) and (b) show the computed models according to the ratio misfit/min(misfit) calculated for both the dispersion curve and the HVSR. We carry out more than 5000 models for each dispersion curve-HVSR pair, but we only plot those models with a ratio less than 7. Measured curves are represented by green lines, while the red dashed lines highlight the best models.

In V s models (Fig. 13c), the difference in the half-space depth is significant. On CRON, HCAL and SOCA, this limit is around 200 m deep. On OBSA and QUEM, it is observed slightly deeper, around 250 m. However, the half-space depth on ARGE, QUIB and HLUZ is greater than 700 m. The half-space depth in JBPC is around 500 m; however, there is no good agreement between the best models and the measured curves. On GARO, the depth of the half-space is around 100 m, but in this station, we have little confidence in the HVSR low-frequency part due to the high level of noise (Figs 7a and13b). The lack of low frequencies resolution in the HVSR curve could explain why we cannot observe a contrast at a depth such as for HLUZ or QUIB.

The V s of the half-space in the south stations is higher (around 2500 ms -1 ) than the observed in the north and centre stations (around 1700 ms -1 ).

D I S C U S S I O N

The background seismic noise in the stations of 4B-array is characterized by the presence of coherent ocean-generated seismic noise that dominates at low frequencies (less than 1 Hz) and coherent cultural noise at high frequencies (greater than 1 Hz) as it has been also seen by [START_REF] Díaz | Urban seismology: on the origin of earth vibrations within a city[END_REF] in other ambient noise measurements in urban zones. From the PDFs representative spectra, we observe a large variability in the ambient noise level along the Quito basin. In the frequency range between 0.1 and 0.5 Hz, stations located in the south-western part (ARGE, QUIB and HLUZ) present systematically higher noise levels (Figs 2 and4). This may reflect the presence of different infilling sediments as it was recently observed by Smith & Tape (2019) in the Nenana basin (Alaska), where they report that underlying sediments strongly influence the seismic wavefield amplitude levels.

When calculating HVSR and mapping f 0 through the Quito basin, it is observed that the value of f 0 decreases towards the south-west, which can be interpreted as a deepening of the basin or a change in the superficial velocity of the sediments. The zone comprising ARGE, QUIB and HLUZ stations presents the lowest values of f 0 , around 0.3 Hz (Fig. 7). This suggests that this zone shows the greatest sediment thicknesses or the presence of low velocities. To the northeast, CRON and HCAL stations with f 0 around 1.2, would probably be marking the basin's eastern limit. The value of f 0 in the east-west line formed by the PARU-JBPC-INAQ-CSEK stations decreases towards the east (Fig. 7). It could then be interpreted as a deepening of the basin toward the east. This is in accordance with the QFS trace and its overall behaviour reported by Alvarado et al. (2014) (Figs 1 and7).

We also investigated the effect of azimuth on HVSRs by rotating horizontal components through a set of azimuths (Fig. 6). By not finding significant variability in both f 0 and its amplitude, associated with different azimuths, we can assume that the ambient noise wavefield is azimuthally isotropic and that the sites, in their great majority, are 1-D. Therefore, we can interpret that the subsurface in Quito is horizontally stratified with homogeneous layers that extend for great distances. While this 1-D assumption seems to work well at most sites, it is likely to be less convincing in the centre of the basin, at JBPC, given the HVSR curve at this location is complex, without any clear peaks, and with amplitudes larger than 2 for an extended range of frequencies. Morphologically in this area, the Quito basin narrows, measuring about 3.5 km in the EW direction.

Cross-correlation of more than 1 yr of ambient seismic noise was computed to reconstruct Rayleigh and Love waves traveling between pairs of stations. Coherent Love waves are much more energetic and clear than Rayleigh waves (Figs 9,10 and 11) and exhibit significant energy in the frequency range 0.1-2 Hz. In the Kanto basin (with an area about 17 000 km 2 , Koketsu & Kikuchi 2000), where Rayleigh waves are predominant, the shear-wave velocity inside the basin gradually increases with depth (e.g. [START_REF] Takemura | Long-period ground motions in a laterally inhomogeneous large sedimentary basin: observations and model simulations of long-period surface waves in the northern Kanto Basin, Japan, Earth[END_REF]; however, in the smaller Osaka basin (of elliptical shape and with an area about 3600 km 2 , [START_REF] Asano | Modelling of wave propagation and attenuation in the Osaka sedimentary basin, western Japan, during the 2013 Awaji Island earthquake[END_REF], where Love waves predominate over Rayleigh waves, a clear unconformity at the sediment-bedrock boundary (between 1 and 1.5 km deep) with a strong impedance contrast in shear-wave velocity is observed at the subsurface [START_REF] Asano | Surface wave group velocity in the Osaka sedimentary basin, Japan, estimated using ambient noise cross-correlation functions[END_REF]. The free surface condition is a sufficient condition for Rayleigh waves to develop, even in homogeneous (or smooth varying) media. In contrast, Love waves are subjected to the presence of a strong velocity contrast in depth. This suggests that the clear predominance of Love waves in the Quito basin would indicate the preference of a layered velocity model presenting a strong impedance contrast in depth, similar to the case of Osaka basin, maybe the best approximation for the Quito subsurface.

When analysing the cross-correlation functions, it is observed that signals between 0.5 and 2 Hz fade to the basin's southwest (Fig. 10). [START_REF] Viens | Basinscale Green's functions from the ambient seismic field recorded by MeSOnett stations[END_REF] show the low quality of Green's functions recovered from cross-correlations between pairs of stations in a profile of seismic stations in the Kanto basin can be explained by important changes in the basin's geometry. In the case of [START_REF] Viens | Basinscale Green's functions from the ambient seismic field recorded by MeSOnett stations[END_REF], when a bay separated the virtual source from the receiver stations, new scattered wave sources are found that violate the assumption of distant ambient noise sources. In Quito's case, the seismic waves undergo a kind of low-pass filter before entering the southwestern zone (Figs 10 and 11). This behaviour could be associated with an important change in the basin's structure between the north, central and the southern parts.

Based on the results obtained in this work, we can argue that: (1) the measurements of f 0 in ARGE, QUIB and HLUZ point to the interface bedrock-sediments (Figs 13 and 14) found to the south of the basin through the joint inversion of Love-wave dispersion and HVSR curves. The frequency signals close to 0.3 Hz observed in the cross-correlation functions in the three components throughout the basin, along with low-frequency f 0 picks found at sites like CSEK (f 0 = 0.4) and MAST (f 0 = 0.4) could indicate that this bedrock is present all along the basin. (2) In the north-central part, the bedrock seems to be overlaid by a geological stratum (yellowish layers in Fig. 14) not found in the basin's southern part. This layer could correspond to a volcanic-origin formation identified by Jaya (2009) based on fieldwork and drilling records. According to the authors this formation is not found to the south of the Quito's basin, and it is only present in the centre and north with an identified maximum thickness of 200 m. A gradual transition of V s in the north and central parts (Fig. 14) could cause the joint inversion to be insensitive to the bedrock interface. The limit between shallow sediments (bluish layers in Fig. 14) and the volcanic-origin formation (yellowish layers in Fig. 14) could be the interface that excites the HVSR peak at around 0.6-0.8 Hz observed in the north-central basin's part. The boundary between surface sediments (bluish layers in Fig. 14) and intermediate sediments (greenish layers in Fig. 14) in the south could be the interface that excites a second/third peak in the HVSR curves at around 3 Hz.

C O N C L U S I O N S

We present an original study based on the analysis of almost 2 yr of continuous noise recordings of the 4B-array in the Quito basin. The goal of our experiment is to obtain a first model of the deep structure that could explain the seismic amplifications observed on earthquakes recordings (Laurendeau et al. 2017). For this, we use both cross-correlation functions and HVSR curves.

Using four virtual source gathers and inverting Love waves phase velocity dispersion curves jointly with HVSR curves, we find that the sedimentary column in the southern part of the basin is much thicker (around 900 m) than in the north-central part of the basin, where a strong seismic reflector is found at a depth of around 200-300 m. This result is consistent with the rather low fundamental frequency value (f 0 = 0.28-0.4 Hz) obtained using HVSR in the southern part of the basin and the higher value in the centre-north part. Based on geological studies and the shallow V s values found from the inversion, we favour the hypothesis of differential infilling of the basin. Indeed, a large volcanic deposit exists in the northcentral part of the Quito basin that is not present in the southern part. This thick volcanic layer that covers the central and northern part of the city may play the role of a natural seismic isolator that protects this part of the city from the strong low-frequency amplification that exists in the south.

The results presented in this paper constitute the first velocity model down to 1 km depth of the Quito basin, a highly populated urban area exposed to high seismic risk. It is a first step towards the detailed structure of the Quito basin we wish to obtain in the future.
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Figure 1 . 1 :

 11 Figure 1.1: Ecuador geodynamic and tectonic settings. The location of the cities of Quito and Guayaquil is marked by black squares, while the area that encompasses the Quito basin together with the Quito fault system is delimited by a light blue rectangle. QFS=Quito fault system. CCPP=Chingual-Cosanga-Pallatanga-Puná fault system. Modified fromAlvarado et al. (2014).

Figure 1 . 2 :

 12 Figure 1.2: (a) Historical growth of Quito city. (b) Population growth and major earthquakes felt in Quito. Modified from Chatelain et al. (1999). Triangles (c) and (d) show the area covered by the images in fig. 1.3.

Figure 1

 1 Figure 1.3: (c) View of the northern part of the city. (d) View of the south central area of the city. The approximate area covered by these images is shown on the map in fig. 1.2. Photographed by the B. Bernard (IG-EPN) 2017.

Figure 1 . 4 :

 14 Figure 1.4: Three-dimensional view of Quito basin in the interandean depression. CV=Casitahua volcano, PVC=Pichincha volcanic complex, AV=Atacazo volcano. Gyb=Guayllabamba basin. Colorbar shows the elevation in meters above the sea level (masl).
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 3815 Figure 3.8. Colonnes stratigraphiques de résumé de la Dépression Interandean et les bassins de Guayllabamba et Quito Figure 1.5: Summarized stratigraphic columns for the inter-Andean depression and the Guayllabamba and Quito Basins. Modified from Alvarado (2012).
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 16 Figure 1.6: Quito map showing the Quito fault system (QFS). The lines represent the surface traces of reverse faults (solid red lines), strike-slip faults (dotted-dashed red lines) and folds (dotted lines) described in Alvarado et al. (2014). The yellow stars mark the location of the two largest earthquakes instrumentally recorded in the Quito basin, according to the IG-EPN.
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 21 Figure 2.1: Map of the 4BArray temporal seismic stations installed in Quito between May 2016 and July 2018. Colors in triangles indicate the different types of sensordatalogger combinations.

Figure 2 .

 2 Figure 2.2: 1-day-long mseed files available in the seismic database of the 4BArray. The color scale represents the daily completeness in percentage. The shaded area marks the period between July 2017 -July 2018, in which the majority of stations were operating simultaneously.

  Figure 2.3: Long-term PDF of the continuous signal recorded on nine three-component stations. The stations are located at the south (ARGE and HLUZ), at the north (CRON, DELA and SOCA), at center (OBSA and INAQ), at the west (PARU) and outside (PUEM) of Quito city. Long-term representative spectrums (statistical mode, dotted lines) of PDF are indicated and dashed bounding curves show low-and high-noise models (NLNM and NHNM; Peterson 1993)

Figure 2 . 4 :

 24 Figure 2.4: Maps for the average long-term PDFs values in the frequency bands 0.1-0.3, 0.3-1.0, 1.0-3.0 and 3.0-10.0 Hz. Noise values were calculated in the three components of the 4BArray stations. The distribution of noisy stations changes according to the frequency band and the analyzed component.
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 25 Figure 2.5: Hourly long-term PDF values computed for the three components of ARGE (south), DELA (north), OBSA (center), and PUEM (outside). The night-day variations are visible in frequencies higher than 1 Hz, and the noise values generally decrease between 04 and 08 hours (UTC).
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 26 Figure 2.6: Daily long-term PDFs values computed for the three components of ARGE (south), CRON (north), DELA (north), HLUZ (south), INAQ (center), OBSA (center), PARU (west), PUEM (outside), and SOCA (north). Noisy periods are visible between 0.1-0.3, and weekdays-weekends variations are visible in frequencies higher than 1 Hz.
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 28 Figure 2.8: (a) Earthquakes located in the Quito area by the permanent network of the IG-EPN (gray circles) between May-2016 and July-2018. The red circles show the location of the earthquakes recorded at the stations of 4BArray. Triangles mark the location of the 4BArray stations. The lines on the map represent the surface traces of thrust faults (solid red lines), strike-slip faults (dashed red lines), and folds (dotted lines) described in Alvarado et al. (2014) as the Quito Fault System (QFS). Temporal evolution of the earthquakes identified and located by the IG-EPN (gray circles) and 4BArray (red circles) with respect to magnitude. (c) Longitude of earthquakes identified and located by the IG-EPN (gray circles) and 4BArray (red circles) and with respect to magnitude.
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 29 Figure2.9: Seismic waveforms with correlation coefficients greater than 0.7, using three different templates. Section (a) shows three highly correlated earthquakes (triplet), while sections (b) and (c) show pairs of highly correlated earthquakes (doublets).
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 210 Figure2.10: Map with the location of the earthquakes detected using the match filter process (a) and the temporal evolution of these earthquakes with respect to the correlation coefficient (b). The colored circles are labeled and show the detected earthquakes that are not found in the initial catalog taken from the IG-EPN.

Figure 3 .

 3 Figure3.1a shows the long-term PDFs representative spectra calculate for the east, north, and vertical components for ARGE (south), HCAL (north), INAQ (east) and OBSA (center of the city) stations. The long-term HVSR curves calculated using the six methods described above are shown in fig.3.1b. At each station, the shape of the spectral ratio curves is similar, even complex ones such as those seen inARGE and INAQ (fig. 3.1b). Differences in the location of HVSR peaks in the frequency axis are negligible; however, M1 and M4 methods (blue and purple line respectively) show higher amplitudes in the HVSR curves than the other methods (fig.3.1b). The larger HVSR values for M4 are due to the √ 2 factor in the technique (magnitude of the sum of two-unit orthogonal vectors √ 2). These larger M4 values are comparable to M1 values because the PSD of the Fourier transform of the i component of displacement used in the DFA approach behaves as vectors of averages(Sánchez-Sesma et al. 2011).To investigate the long-term stability of the shape of the HVSR curves and verify if changes arise from diurnal or seasonal variations, we calculated the spectral relationships using the daily PDFs for the stations of 4BArray by at least one year (July 2017 -July 2018, fig.3.2). In most of the seismic stations, we observe that the shape of the daily HVSR curves does not change substantially over the year (as an example, see ARGE and HCAL stations in fig.3.2). However, the amplitude of the peaks varies throughout the year. An example of this behavior is observed in OBSA, especially using M4 (fig.3.2), where a reduction in the amplitude of the predominant peak has been observed since January 2018. Previous works (e.g.,[START_REF] Kula | Horizontal-to-vertical spectral ratio variability in the presence of permafrost[END_REF][START_REF] Lontsi | Full microtremor H/V(z, f) inversion for shallow subsurface characterization[END_REF][START_REF] Rigo | Seasonal variations in amplitudes and resonance frequencies of the HVSR amplification peaks linked to groundwater[END_REF]) have associated changes in the amplitude of HVSR peaks with seasonal variations or with loading and unloading cycles of the underlying aquifers. Nevertheless, the reason for these variations in the Quito basin is not clear yet.

Figure 3 . 1 :

 31 Figure 3.1: Long-term representative spectrums computed for the three-component stations ARGE, HCAL, INAQ and OBSA (a), together with the long-term HVSR curves calculated with six methods (b). M1 = Diffuse Field Assumption Method, M2 = Arithmetic mean, M3 = Geometric mean, M4 = Vector summation, M5 = Quadratic mean and M6 = Maximum horizontal value. Shaded areas behind HVSR curves represent the standard deviation of each one.

  Figure 3.2: Daily HVSR curves compute for ARGE, HCAL, INAQ, and OBSA stations for a 1-yr period. Difference panels show the computed methods, and the color scale indicates the values of HVSR.

Figure 3

 3 Figure 3.3: (a) Map with the location of the seismic stations present in sections b to d. (b) Rotated HVSR polar diagrams of ARGE at two different hours, where 07:00 (UTC) shows the time with low anthropic activity and 17:00 (UTC) the time with high anthropic activity. (c) Comparison between the long-term HVSR curve computed in ARGE with the mean 07:00 and 17:00 HVSR curves. Shaded areas behind HVSR curves represent the standard deviation of each one. (d) Rotated HVSR polar plots diagrams of HCAL, SOCA and INAQ (north), with OBSA and ROQE (centre), ARGE and HLUZ (south) and PUEM and SVAC (outside Quito basin).

Figure 3

 3 Figure 3.4: (a) HVSR curves calculated for each station. The curves are organized in function of the station's latitude and distributed in three station profiles. Black solid lines mark the value of f0, and the colour scale highlights the different amplitudes of HVSR curves. (b) map of the linear interpolation of the f0 values shown in the left-hand panel plus the f0 values for the VILF, ZALD, LILI accelerometer stations taken from Laurendeau et al. (2017).

  Figure 4.2a and e show a comparison of the two algorithms (linear stack and ts-PWS) for the cross-correlation functions calculated between DELA and INCA
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 41 Figure 4.1: (a) Geographical map with the stations (black triangles) and interstation paths (bluish lines). (b) Histogram with inter-station distances. (c) Polar histogram with the direction of the inter-station paths.

Figure 4 . 2 :

 42 Figure 4.2: DELA-INCA north-component example of the signal's emergence for increasingly long time-series using the traditional linear stack scheme (a) and ts-PWS (e). In the amplitude spectra of the stacked cross-correlations, using linear stack (b) and ts-PWS (f), it is possible to observe how the coherent signals' energy increases as a stacking time function. The filtered stacked cross-correlations in the 0.1-0.5 and 0.5-2 Hz bands are also shown (c and g). To calculate the signal-to-noise ratio, the cross-correlation functions (circles) were used, as well as the filtered stacked crosscorrelations between 0.1-0.5 Hz (triangles) and 0.5-2 Hz (squares) for the linear stack (d) and ts-PWS (h).
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 43 Figure 4.3: Interstation distance (km) as a function of the correlation time (s) for the nine components of the correlation tensor (the components are indicated above the panels). Correlation functions were filtered between 0.1 and 2.0 Hz, and they were stacked for each 1 km distance bin. Colour scale indicates positive and negative normalized amplitudes, with the same scale in all panels. Record sections for every combination of three-component motion are labelled as follows: R = radial, T = transverse, Z = vertical. RR, RZ, ZR and ZZ components show Rayleigh waves, and TT shows clear Love waves.

  Figure 4.4: Inter-station paths (blue lines) using CRON, CSEK, GARO, HSUR, JBPC, and PUEM as virtual sources. Red stars mark the virtual source locations and black triangles the 4BArray stations.

  4.3 and 4.4), and signals 4
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 45 Figure 4.5: Acausal and causal parts of the obtained inter-station cross-correlation functions for CRON and all others in the 4BArray in three frequency bands. Red traces represent the autocorrelation of CRON. The RR, TT, ZZ, (ZR -RZ)/2 and (ZR + RZ)/2 were filtered between 0.1-2 Hz (a), 0.1-0.5 Hz (b) and 0.5-2 Hz (c).
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 46 Figure 4.6: Acausal and causal parts of the obtained inter-station cross-correlation functions for CSEK and all others in the 4BArray in three frequency bands. Red traces represent the autocorrelation of CSEK. The RR, TT, ZZ, (ZR -RZ)/2 and (ZR + RZ)/2 were filtered between 0.1-2 Hz (a), 0.1-0.5 Hz (b) and 0.5-2 Hz (c).
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 47 Figure 4.7: Acausal and causal parts of the obtained inter-station cross-correlation functions for GARO and all others in the 4BArray in three frequency bands. Red traces represent the autocorrelation of GARO. The RR, TT, ZZ, (ZR -RZ)/2 and (ZR + RZ)/2 were filtered between 0.1-2 Hz (a), 0.1-0.5 Hz (b) and 0.5-2 Hz (c).
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 48 Figure 4.8: Acausal and causal parts of the obtained inter-station cross-correlation functions for HSUR and all others in the 4BArray in three frequency bands. Red traces represent the autocorrelation of HSUR. The RR, TT, ZZ, (ZR -RZ)/2 and (ZR + RZ)/2 were filtered between 0.1-2 Hz (a), 0.1-0.5 Hz (b) and 0.5-2 Hz (c).
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 49 Figure 4.9: Acausal and causal parts of the obtained inter-station cross-correlation functions for JBPC and all others in the 4BArray in three frequency bands. Red traces represent the autocorrelation of JBPC. The RR, TT, ZZ, (ZR -RZ)/2 and (ZR + RZ)/2 were filtered between 0.1-2 Hz (a), 0.1-0.5 Hz (b) and 0.5-2 Hz (c).
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 410 Figure 4.10: Acausal and causal parts of the obtained inter-station cross-correlation functions for PUEM and all others in the 4BArray in three frequency bands. Red traces represent the autocorrelation of PUEM. The RR, TT, ZZ, (ZR -RZ)/2 and (ZR + RZ)/2 were filtered between 0.1-2 Hz (a), 0.1-0.5 Hz (b) and 0.5-2 Hz (c).
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 411 Figure 4.11: Time frequency analysis of the symmetric Green's functions using JBPC as virtual source (fig. 4.9). JBPC is approximately in the center of the array. The graphical scale shows the amplitude normalized with respect to the maximum amplitude of each symmetric signal.
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 412 Figure 4.12: Multi-component dispersion images calculated from the symmetric signals using GARO (a) y PARU (b) as virtual sources. Dispersion images are normalized in relation to the maximum, and to facilitate visualization, only values greater than the median have been plotted.
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 414 Figure 4.14: Shear-wave models (c) obtained from the best fit of the dispersion curves (a) and HVSR (b) inversion functions. The green lines show the measured curves, while the dashed red lines are the best models.
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 5 Figure 5.1: (a) Map of Ecuador with the location of the city of Quito represented by the letter Q. Colored circles mark the locations of the earthquakes (according to IG-EPN) used for the calculation of the P-wave autocorrelation functions. (b) Map of the 4BArray temporal seismic stations installed in Quito between May 2016 and July 2018. The black triangles highlight the seismic stations within 4BArray used in our analysis (profile L1).
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 5354 Figure 5.3: Section plot of daily autocorrelation functions computed with PCC methods for HCAL (north), OBSA (center) and HLUZ (south), along with the resulting autocorrelation functions after the stack. The third column shows, at each station, thesynthetic seismograms calculated from the S-wave velocity profile shown in the fourth column. At each station the observed horizons were marked with arrows.
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 55 Figure 5.5: (a) Waveforms recorded by the seismic stations of the L1 profile in the radial and vertical components. (b) The number of stacked events for each station. Auto-correlograms computed for OBSA station radial component (c). Panel c1 was between 2-5Hz, and the resulting waveforms is shown in panels c2. Calculated spectrogram using the wavelet transform is presented in (d)
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 5 Figure 5.6: (a) P-wave autocorrelograms. The signals have been filtered between 1-6 Hz and balanced using a t 1.1 factor. (b) Seismic noise autocorrelograms. Arrivals of the signals associated with reflections have been delineated (horizons Hp1 and Hp2 in (a) and Ha2 in (b)).
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 61 Figure 6.1: (a) Long-term HVSR curve computed in JBPC using 1 year of data. To combine the spectra of horizontal components, we used a geometric mean. (b) Rotated HVSR polar diagrams of JBPC. Shaded area behind HVSR curve represents the standard deviation.
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 63 Figure 6.3: (a) and (c) S-wave velocity profiles for OBSA and SOCA, respectively. Red lines represent the profiles obtained through the joint inversion of phase dispersion and HVSR curves presented in fig. 4.14. The color scale represents the number of profiles obtained by adding an extra layer every 50 m and increasing the VS by 40 ms -1 . (b) and (d) HVSR curves calculated for OBSA and SOCA, respectively, for the profiles presented in figures (a) and (c). Red lines represent the theoretical profiles calculated for the profiles obtained through the joint inversion. Black lines represent profiles calculated from one year of data using DFA fig. 4.14.

Figure 6 . 4 :

 64 Figure 6.4: Simplified Vs model for the Quito basin.In the proposed interpretation, the sedimentary infilling material of the northern zone (yellowish layers) is different from that of the south (greenish layers). The baserock would be present through the profile, with a Vs and a depth similar to those observed at the ARGE, QUIB, and HLUZ stations (reddish layer).

  Figure 1. (a) Map of Ecuador with the location of the city of Quito represented by the letter Q. (b) Map of the 4B-array temporal seismic stations installed in Quito between May 2016 and July 2018. Colours in triangles indicate the different types of sensor-datalogger combinations. The lines on the map represent the surface traces of reverse faults (solid red lines), strike-slip faults (dotted-dashed red lines) and folds (dotted lines) described in Alvarado et al. (2014) as the Quito Fault System (QFS). The yellow stars mark the location of the two largest earthquakes instrumentally recorded in the Quito basin, according to the IG-EPN.

Figure 2 .

 2 Figure 2. Long-term PDF of the continuous signal recorded on four three-component stations. The stations are located at the south (ARGE), at the north (DELA), at the west (PARU) and outside (PUEM) of Quito city. Long-term representative spectrums (statistical mode, dotted lines) of PDF are indicated and dashed bounding curves show low-and high-noise models (NLNM and NHNM; Peterson 1993).

Figure 3 .

 3 Figure 3. Night-day variations for DELA and PUEM. The dotted black line indicates the frequency of the second microseism.
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Figure 4 .

 4 Figure 4. Long-term representative spectrums computed for the three-component stations ARGE, DELA and PARU (a), together with the long-term HVSR curves calculated with six methods (b). For the location of seismic stations, see Fig. 1. M1 = Diffuse Field Assumption Method, M2 = Arithmetic Mean, M3 = Geometric Mean, M4 = Vector Summation, M5 = Quadratic Mean and M6 = Maximum Horizontal Value. Shaded areas behind HVSR curves represent the standard deviation of each one.

Figure 5 .

 5 Figure 5. Daily HVSR curves computed for ARGE and PARU stations for 1-yr period. Difference panels show the computed methods of HVSR.
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 6 Figure 6. (a) Map with the location of the seismic stations present in sections b to d. (b) Rotated HVSR polar diagrams of ARGE at two different hours, where 07:00 (UTC) shows the time with low anthropic activity and 17:00 (UTC) the time with high anthropic activity. (c) Comparison between the long-term HVSR curve computed in ARGE with the mean 07:00 and 17:00 HVSR curves. Shaded areas behind HVSR curves represent the standard deviation of each one. (d) Rotated HVSR polar plots diagrams of HCAL, SOCA and INAQ (north), with OBSA and ROQE (centre), ARGE and HLUZ (south) and PUEM and SVAC (outside Quito basin).

  Figure 7. (a) HVSR curves calculated for each station. The curves are organized in function of the station's latitude and distributed in three station profiles. Black solid lines mark the value of f0, and the colour scale highlights the different amplitudes of HVSR curves. (b) map of the linear interpolation of the f0 values shown in the left-hand panel plus the f0 values for the VILF, ZALD, LILI accelerometer stations taken from Laurendeau et al. (2017).

  ) a non-linear timescale phase-weighted stack (ts-PWS,Ventosa et al. 2017), that uses phase coherence to improve the coherent signals of the cross-correlation functions. Figs 8(a) and (e) show a comparison of the two algorithms (linear stack and ts-PWS) for the cross-correlation functions calculated between DELA and INCA (inter-station distance = 5.75 km). We see how the causal (positive lag time) and acausal (negative lag time) signals emerge as the time-series' length increases from a 1-day to 1-year stack. The emergence of coherent signals as a function of stack time is particularly well exemplified in the stacked cross-correlations' amplitude spectra. With increasing stack time, the spectra's energy increases in the frequency bands between 0.1-0.5 Hz and 0.5-2 Hz (Figs 8b and

Figure 8 .

 8 Figure8. DELA-INCA north-component example of the signal's emergence for increasingly long time-series using the traditional linear stack scheme (a) and ts-PWS (e). In the amplitude spectra of the stacked cross-correlations, using linear stack (b) and ts-PWS (f), it is possible to observe how the coherent signals' energy increases as a stacking time function. The filtered stacked cross-correlations in the 0.1-0.5 and 0.5-2 Hz bands are also shown (c and g). To calculate the signal-to-noise ratio, the cross-correlation functions (circles) were used, as well as the filtered stacked cross-correlations between 0.1-0.5 Hz (triangles) and 0.5-2 Hz (squares) for the linear stack (d) and ts-PWS (h). 30-50 s. The resulting ratio (SNR) per frequency band is shown in Figs8(d) and (h). The SNR values of the stacked signals, obtained from cross-correlations filtered between 0.1 and 0.5 Hz (triangles in Figs8d and h), are about an order of magnitude greater using the ts-PWS compared with the linear-stack. In this frequency band, the SNR value observed using the 1-month time-series is almost the same as that observed for time-series of 6-months or 1-yr. For cross-correlations filtered between 0.5 and 2 Hz (squares in Figs8d and h), the SNR values using the linear stack algorithm are low, even using 1-yr of data.Since ts-PWS is a non-linear stacking method, it can extract a signal, discarding the incoherent noise between 0.5 and 2 Hz, mainly present in an urban context (traffic noise), and clearly exhibits higher SNR values.We obtain the best results using the ts-PWS algorithm (Figs 8e to h). In general, for the cross-correlation functions of the stations of the 4B-array in the frequency range between 0.1 and 0.5 Hz a coherent signal emerges from the stack of 1 week, and it is stable after 1 month of data. Between 0.5 and 2 Hz, a coherent signal emerges from 1 month, and it is stable after stacking 6 months of data. As exemplified in Fig.8(f), coherent signals only were observed for frequencies between 0.1 and 2 Hz, even when using 1-yr data. As a final processing step, the nine components of the Green's tensor

Figure 9 .

 9 Figure 9. Interstation distance (km) as a function of the correlation time (s) for the nine components of the correlation tensor (the components are indicated above the panels). Correlation functions were filtered between 0.1 and 2.0 Hz, and they were stacked for each 1 km distance bin. Colour scale indicates positive and negative normalized amplitudes, with the same scale in all panels. Record sections for every combination of three-component motion are labelled as follows: R = radial, T = transverse, Z = vertical. RR, RZ, ZR and ZZ components show Rayleigh waves, and TT shows clear Love waves.

Figure 10 .

 10 Figure 10. Acausal and causal parts of the obtained inter-station cross-correlation functions for JBPC and all others in the 4B-array in three frequency bands. The map at the top (a) indicates the location of the seismic stations and in red JBPC. Red traces represent the autocorrelation of JBPC. The RR, TT and ZZ were filtered between 0.1-2 Hz (b), 0.1-0.5 Hz (c) and 0.5-2 Hz (d).

Figure 11 .

 11 Figure11. Time frequency analysis of the symmetric Green's function for the 10-station which are approximately aligned with basin's elongation and that take JBPC as a virtual source. The graphical scale shows the amplitude normalized with respect to the maximum amplitude of each symmetric signal.

Figure 12 .

 12 Figure12. Map with the location of the four virtual source gathers, together with the symmetric signals of the virtual source gathers, and the dispersion images calculated from the symmetric signals are shown. The bottom panel shows the best solutions for inverting the picked dispersion curves in the dispersion images for each of the virtual sources gathers. The dashed red lines in the Vs profiles represent the best solutions. The dashed red lines on the dispersion images show the best theoretical dispersion curve, and the green dots represent the manually picked points. On the map, the colour circles represent the receivers, and the red ones represent the virtual sources. To facilitate visualization in the map, ellipses were drawn around each seismic source gather in the map. The amplitudes in the Dispersion Images are normalized in relation to the maximum, and to facilitate visualization, only values greater than 0.5 have been plotted.

Fig.

  Fig.12), is compared with gathers located in the centre (Lines 2 and 4 on the map in Fig.12), and in the south of the basin (Line-3 on the map in Fig.12). Lines 1, 2 and 3 are approximately parallel to the basin's NNE-SSW elongation, while Line 4 perpendicularly transects the basin near its middle zone. In Fig.12, the symmetric cross-correlation sections of the four lines are shown in the waveforms panel. Traces are arranged according to their distance (offset) between the virtual source (red dots on the map in Fig.12) and the receiver (colour dots on the map in Fig.12). The azimuths between virtual source and receivers for Lines 1, 2, 4 are relatively homogeneous, with variations less than 15 • . Line 3 (covering the southern part of the basin) presents slightly higher differences in interstation azimuths. For the calculation of phase dispersion curves (dispersion images panel in Fig.12), we compute the Love wave phase velocity spectra applying a frequency-phase velocity

  Figure 14. Simplified shear-velocity model obtained. The symbols used in the figure are detailed in the symbology section.

  

  

  

  

  

  Map of the 4BArray temporal seismic stations installed in Quito between May 2016 and July 2018. Colors in triangles indicate the different types of sensor-datalogger combinations. . . . . . . . . Long-term PDF of the continuous signal recorded on nine threecomponent stations. The stations are located at the south (ARGE and HLUZ), at the north (CRON, DELA and SOCA), at center (OBSA and INAQ), at the west (PARU) and outside (PUEM) of Quito city. Long-term representative spectrums (statistical mode, dotted lines) of PDF are indicated and dashed bounding curves show low-and high-noise models (NLNM and NHNM; Peterson 1993) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 2 .1: Description of the 4BArray
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	(Mid-Late 2016 to Mid 2018). However, most stations were simultaneously
	operational between July 2017 -July 2018 (shaded area in fig. 2.2).
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  Maps with the location of the four virtual source gathers, together with the symmetric signals of the virtual source gathers, and the dispersion images calculated from the symmetric signals are shown. The bottom panel shows the best solutions for inverting the picked dispersion curves in the dispersion images for each of the virtual sources gathers. The dashed red lines in the VS profiles represent the best solutions. The dashed red lines on the dispersion images show the best theoretical dispersion curve, and the green dots represent the manually picked points. On maps, the black triangles represent the receivers, red stars represent the virtual sources, blue lines the inster-station paths and gray triangles the remaining 4BArray stations. The amplitudes in the Dispersion images are normalized in relation to the maximum, and to facilitate visualization, only values greater than the median have been plotted.

			Line-1					Line-2							Line-3				Line-4
				150	650	1150	1650	2150	2650	150	650	1150	1650	2150	2650	150	650	1150	1650	2150	2650
							Vs [m/s]						Vs [m/s]				Vs [m/s]
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1: One-dimensional S-wave velocity profiles + at top of the layer

  Zero-offset synthetic seismograms calculated from the S-wave velocity profiles presented in table 5.1. Theoretical times for the arrival of the S-wave reflections have been identified and marked with red circles.
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	Station	Lon.	Lat.	Alt.	Start date	End date	Digitizer	Samp. freq.	Sensor	Corner freq.
	CRON	-78.42	-0.06	2801 Dec-2016	Jul-2018	Agecodagis Kephren	200	Guralp CMG40T	0.2
	MAST	-78.46	-0.07	2648 Jul-2017	May-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	HCAL	-78.43	-0.09	2721 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	DELA	-78.49	-0.11	2785 May-2016	Jul-2018	Agecodagis Kephren	200	Guralp CMG40T	0.2
	PUEM	-78.36	-0.13	2404 Jul-2017	Still working	Agecodagis Kephren	200	Guralp CMG40T	0.2
	SOCA	-78.46	-0.13	2888 Dec-2016	Nov-2018	Reftek RT 130	200	Trillium Compact	0.008
	INCA	-78.47	-0.15	2837 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	PARU	-78.50	-0.17	2919 Dec-2016	Still working	Reftek RT 130	200	Trillium Compact	0.008
	JBPC	-78.48	-0.18	2788 May-2016	Aug-2018	Agecodagis Kephren	200	Guralp CMG40T	0.2
	INAQ	-78.46	-0.19	2908 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	ROQE	-78.53	-0.21	3184 May-2016	Jul-2018	Agecodagis Kephren	200	Guralp CMG40T	0.2
	OBSA	-78.50	-0.21	2824 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	CSEK	-78.44	-0.20	2876 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	HSUR	-78.54	-0.24	2908 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	QUEM	-78.49	-0.23	3038 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	ARGE	-78.52	-0.27	2911 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	QUIB	-78.54	-0.29	2918 May-2016	Jul-2018	Agecodagis Kephren	200	Guralp CMG40T	0.2
	HLUZ	-78.55	-0.31	2980 Jul-2017	Jul-2018	Guralp CMG DM24	200	Guralp CMG40T	0.2
	SVAC	-78.49	-0.32	2573 Jul-2017	Still working	Reftek RT 130	200	Trillium Compact	0.008
	GARO	-78.53	-0.33	3011 Oct-2016	Jul-2018	Reftek RT 130	200	Trillium Compact	0.008
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Data environments and at different scales, we aim to map the S-wave reflectivity of the bedrock in a densely populated environment like Quito.
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I Abstract

Quito (Ecuador), located in a sedimentary basin, is exposed to a high seismic hazard due to its proximity to the Pacific subduction zone and active crustal faults. Using autocorrelation analysis, we retrieved in this study body-waves reflections that allowed us to map the deep and complex geological structures under the city. We compute autocorrelation functions at ten stations distributed in a profile along the basin to image the bedrock geometry, using ambient seismic noise and P-coda earthquakes from regional seismicity. The results demonstrate that the autocorrelation technique is valuable for imaging complex structures at depth in urban environments where other geophysical imaging methods cannot be applied. We propose a new interpretation for the resonance frequencies measured in the basin, and we show a comprehensive image of the bedrock under the city.

Introduction

Characterizing the seismic response of urban areas located in sedimentary basins is of great importance since sedimentary infilling material can amplify and extend the duration of earthquake-generated seismic waves (e.g., Bindi et al. 2009;[START_REF] Cruz-Atienza | Long Duration of Ground Motion in the Paradigmatic Valley of Mexico[END_REF][START_REF] Koketsu | Damaging Long-period Ground Motions from the 2003 Mw 8.3 Tokachi-oki, Japan Earthquake[END_REF], posing a threat to urban infrastructure.

6. General results and discussion q q q q q q q q q q q q q q q q q q ARGE: 0.391 and Neighbourhood algorithm (NA) inversion (Wathelet et al. 2004;Wathelet 2008) were performed using Geopsy open-source software package [START_REF] Wathelet | Geopsy: a user-friendly open-source tool set for ambient vibration processing[END_REF]. Assuming a horizontally layered 1-D medium below each profile, we perform 1-D inversions of the phase dispersion curves. Since little baseline information is available for the Quito basin, we use a fairly general parametrization. Taking into account the geological descriptions presented in Jaya (2009) and Alvarado et al. (2014) for the Quito basin, we explore a simple three-layer model: two sedimentary layers and a volcanic bedrock. Love-wave phase velocities are inverted, using a layered model with uniform velocities, and shear-wave velocity (V s ) is set to increase with depth. The maximum half-space depth was fixed at 2000 m, and as a rule of thumb, the minimum resolved depth was set to a third of the shortest wavelength (λ min ), which was estimated as λ min = V min /f max (Wathelet et al. 2004). For Lines 1, 2 and 4, the minimum resolved thickness is around 215 m, while for Line 3, it is around 500 m. Using Geopsy, we sought the simplest V s profiles that satisfy the phase dispersion curves picked in the dispersion images in Fig. 12.

Computed models are represented according to their misfit with a grey colour-scale in the lower panel of Fig. 12. We computed 5030 models for each manually picked dispersion curve. The associated theoretical Love-wave phase velocity dispersion curve of the best profile was plotted with a dashed red line in the dispersion images panel (Fig. 12) to show the fit with the picked points.

Taking advantage of the fact that the HVSR curves can give us much more information in addition to f 0 and that in several works, they have been successfully inverted to generate velocity profiles (e.g. [START_REF] García-Jerez | A computer code for forward calculation and inversion of the H/V spectral ratio under the diffuse field assumption[END_REF]Piña Flores et al. 2021); at a later stage, we invert the HVSR curves computed through DFA (M1 method in Fig. 4) for the 11-station profile, together with the Love-wave dispersion curves previously obtained on lines 1, 2 and 3 (Fig. 12) to generate 1-D shear-wave velocity profiles. In the joint inversion, we use HVInv software (García-Jerez et al. 2016) and we process together HVSR and dispersion curves to reduce the non-uniqueness problem. HVSRs carry information associated with velocity structure, such as strong V s contrast. Dispersion curves, on another side, are sensitive to the absolute velocity variation with depth due to their frequency dependence. In our case, HVSRs are related to punctual structures along an essentially vertical path, whereas dispersion curves are expressed across segments.

Attending to the stratigraphic description presented in Jaya (2009) and Alvarado et al. (2014), where around three geological