OO UL s WN =

btk ke
AUk WN = O

Q3

GEOG197 proof m 7 December 2017 m 1/11

Geodesy and Geodynamics xxx (2017) 1-11

Ke Al

ADVANCING RESEARCH
EVOLVING SCIENCE

journal homepages: www.keaipublishing.com/en/journals/geog;
http://www.jgg09.com/jweb_ddcl_en/EN/volumn/home.shtml —mm e

Yearax

Geodesy anT
Geodynamics

Geodesy and Geodynamics é

Contents lists available at ScienceDirect

Rayleigh waves from correlation of seismic noise in Great Island of
Tierra del Fuego, Argentina: Constraints on upper crustal structure

Carolina Buffoni ® *, Martin Schimmel °, Nora Cristina Sabbione ¢, Maria Laura Rosa ¢,

Gerardo Connon © ¢

@ Faculty of Astronomical and Geophysical Sciences, National University of La Plata, Paseo Del Bosque S/n B1I900OF WA, Argentina

b Institute of Earth Sciences Jaume Almera — CSIC, Lluis Solé Sabaris S/n; Barcelona, E-08028, Spain

€ Astronomical Station of Rio Grande (EARG), Ruta C y Acceso Aeropuerto, 9420EAR, Rio Grande, Argentina

d National Scientific and Technical Research Council (CONICET), Av. Rivadavia 1917 C1033AAJ, Autonomous City of Buenos Aires, Argentina

ARTICLE

ABSTRACT

Article history:

Received 13 July 2017
Accepted 28 November 2017

Available online xxx

Keywords:

Ambient seismic noise cross-correlation
Rayleigh wave dispersion

Upper crust
Tierra del Fuego

In this study, the ambient seismic noise cross-correlation technique is applied to estimate the upper
structure of the crust beneath Great Island of Tierra del Fuego (TdF), Argentina, by the analysis of short-
period Rayleigh wave group velocities. The island, situated in the southernmost South America, is a key
area of investigation among the interaction between the South American and Scotia plates and is
considered as a very seismically active one. Through cross-correlating the vertical components of
ambient seismic noise registered at four broadband stations in TdF, we were able to extract Rayleigh
waves which were used to estimate group velocities in the period band of 2.5—16 s using a time-
frequency analysis. Although ambient noise sources are distributed inhomogeneously, robust empirical
Green's functions could be recovered from the cross-correlation of 12 months of ambient noise. The
observed group velocities were inverted considering a non-linear iterative damped least-squares
inversion procedure and several 1-D shear wave velocity models of the upper crust were obtained.
According to the inversion results, the S-wave velocity ranges between 1.75 and 3.7 km/s in the first
10 km of crust, depending on the pair of stations considered. These results are in agreement to the major
known surface and sub-surface geological and tectonic features known in the area. This study represents
the first ambient seismic noise analysis in TdF in order to constraint the upper crust beneath this region.
It can also be considered as a successful feasibility study for future analyses with a denser station
deployment for a more detailed imaging of structure.
© 2017 Institute of Seismology, China Earthquake Administration, etc. Production and hosting by Elsevier
B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

(Magallanes-Fagnano Fault System). The main fault of the MFFS,
named the MFF (Magallanes-Fagnano Fault), runs from the western

The Great Island of TdF (Tierra del Fuego), southernmost South
America, is transversed by a transform tectonic boundary between
the South American and Scotia plates [1,2]. This boundary is char-
acterized by a left-lateral strike slip regime represented by the MFFS
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part of north Scotia ridge towards the Chile trench at about 50°S
[3,4] and splits the island into two continental blocks (Fig. 1). Recent
geodetic studies indicate that the movement in connection with the
geodynamic process along the MFF is 5.9 + 0.2 mmy/year [5].

The present geological and tectonic environment of TdF is the
result of the interaction between the South American, Scotia and
Antarctic plates that involved the evolution of southernmost South
America associated with the Andean orogenic cycle during the
Mesozoic—Cenozoic. This evolution can be summarized by three
tectonic episodes: an extensive regime (Late Jurassic- Early Creta-
ceous), a compression period (Cretaceous-Paleocene) and finally a
strike-slip movement since the Oligocene [G]. The recent tectonic
evolution of South America is associated with the geodynamic of
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Fig. 1. Simplified geologic map of TdF adapted from Tassone et al. [8]. BCS, Beagle Channel fault system, MFFS, Magallanes-Fagnano Fault System. 1. Basement (Paleozoic—]Jurassic), 2.
Rhyolites, basalts, conglomerates, tuff and turbidites from Upper Jurassic (Lemaire Formation), 3. Lower Cretacic deposits (Yaghan and Beauvoir Formations), 4. Upper Cretacic
deposits, 5. Deformed Tertiary deposits, 6. Undeformed Tertiary deposits. DSPA, ELCA, TRVA and USHA are the seismic stations used in this study. Rio Grande, Tolhuin and Ushuaia
are the major cities. The different geologic units were determinated by several authors [2,9—11].

the Scotia plate that moved continental fragments more than
1000 km away from TdF [7].

The MFES controls the present-day tectonic setting in this area
[12]. Geological and geomorphological evidences indicate that the
MFF is parallel to the 105 km long Fagnano Lake [13]. The region
situated to the south of the lake belongs to the Scotia plate that
moves to the east. Geologically, this area is characterized by the
Fuegian Cordillera composed by a Paleozoic basement and above
this volcanic rocks that correspond to Middle to Upper Jurassic.
These rocks are covered by Upper Cretacic and Tertiary deposits.
Tectonically, the southern part of TdF presents morphological evi-
dence of Quaternary activity related to the strike-slip regime. The
area situated to the north of Fagnano Lake belongs to the South
American plate that moves to the west and presents a geological
stable extra-andean environment. This region is affected by a tec-
tonic period of extension associated with normal faults to the east
of the Magallanes Strait [6]. Other sub-parallel secondary faults that
belong to the MFFS are: the Beagle Channel, the Deseado, the
Lasifashaj, the Carbajal and the Rio Turbio faults [6,13]. Some of
these are associated with normal faults dipping to N in the southern
part of TdF. Furthermore, several normal faults with NO-SW strike
and dipping to NE and SO were identified in the central and
northern part of the island [6].

Since the 90s, a local seismic network started to register seismic
movements associated with the MFFS. The seismicity in TdF is
characterized by low magnitude events [12,14—17], regardless that
this area is considered as a very seismically active one. The his-
torical earthquake records include a magnitude 7.0 event in 1879
[18], several earthquakes of magnitude >6 during 1930 and 1944
and two important events on 1949 December 17 of magnitude 7.5
and 7.8 [19].

At present little information about the crustal structure of TdF is
available. Some authors estimated crustal thickness ranging from

29 to 36 km near our study area through seismic refraction profiles
[20], regional seismograms inversion [21] and receiver function and
surface wave analyses [22]. In this study, we present new con-
straints on upper crustal structure beneath the Argentinian part of
TdF considering the ambient seismic noise registered at 4 broad-
band stations. This method is more advantageous than other clas-
sical seismic techniques because it does not depend on earthquakes
seismicity and source parameters and since it is a low cost and
simple operation method.

It has been theoretically demonstrated that the cross-
correlation of the recorded diffuse wavefields, such as ambient
seismic noise, can provide an estimate of the empirical Green's
function which mostly consists of fundamental Rayleigh waves that
travel between the two stations as if they would be generated at
one of the stations. These empirical Green's functions provide in-
formation of the structure of the crust between the station pairs
[23—27]. We applied the cross-correlation technique to records of
ambient seismic noise from the microseismic frequency band. The
corresponding sources are in the oceans due to gravity wave ac-
tivity caused by atmospheric perturbations [28—31]. Here we pre-
sent shear wave velocity models inferred from the Rayleigh wave
group velocities inversion obtained from ambient seismic noise
cross-correlation. This study represents the first analysis of ambient
seismic noise registered in TdF in order to constrain the upper crust
beneath this region.

2. Methodology
2.1. Data
In order to study the upper crustal structure we used data

recorded at four broadband seismic stations installed in the
Argentinian part of TdF: DSPA, ELCA and TRVA belong to the Faculty
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