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Abstract	  
SEIS-‐UK	   provided	   a	   loan	   of	   13	   broadband	   seismic	   systems	   (10	   x	   CMGESP	   and	   3	   x	   6TDs),	   for	   deployment	   in	   a	   network	   of	  
approximately	  150km	  x	  200km	  in	  the	  northern	  portions	  of	  the	  Afar	  depression.	  Instruments	  were	  kept	  in	  the	  Afar	  depression	  
from	  February	  2012	   to	   January	  2013.	  These	  systems	   recorded	  continuously	  at	  50Hz	  with	   relatively	  minor	  data	   losses	  due	   to	  
equipment	  problems.	  Background	  seismicity	  has	  been	  analysed	  in	  northernmost	  Afar	  for	  the	  period	  February	  2012	  to	  January	  
2013.	  Results	  show	  both	  the	  border	  faults	  and	  axial	  fauls	  in	  the	  Danakil	  depression	  are	  active	  and	  the	  seismogenic	  thickness	  is	  
very	  shallow	  at	  around	  6	  km.	  Teleseismic	  data	  is	  being	  used	  to	  constrain	  lithosphere	  and	  asthenosphere	  structure	  beneath	  Afar,	  
the	  Red	  Sea,	  Gulf	  of	  Aden	  and	  Yemen	  using	  surface-‐wave	  tomography.	  Results	  show	  segmented	  low	  velocity	  zones	  beneath	  the	  
ocean	  ridges	  suggested	  segmented	  upwelling	  and	  partial	  melting	  of	  asthenosphere.	  
	  
Background	  
The	  Afar	  Depression	  (Figure	  1)	  marks	  the	  intersection	  of	  the	  southern	  Red	  Sea	  rift	  (RSR),	  the	  Gulf	  of	  Aden	  rift	  (GOA)	  and	  the	  
Main	  Ethiopian	  Rift	  (MER),	  forming	  an	  archetypal	  rift-‐rift-‐rift	  triple	  junction	  (e.g.	  McKenzie	  et	  al.,	  1972).	  The	  Afar	  rifts	  are	  the	  
most	  mature	  part	  of	  the	  continental	  East-‐Africa	  Rift	  system	  and	  hosts	  the	  on-‐shore	  extension	  of	  the	  Red	  Sea	  and	  Gulf	  of	  Aden	  
oceanic	   spreading	   (e.g.	  McKenzie	   et	   al.,	   1972).	   They	   are	   the	   only	   place	   on	   the	   planet	  where	   the	   transition	   from	   late-‐stage	  
continental	   rifting	   to	   oceanic	   seafloor	   spreading	   is	   occurring	   subaerially	   today,	   and	   it	   is	   occurring	   above	   anomalously	   hot	  
mantle	  (Bastow	  and	  Keir,	  2011).	  	  
	  
Recent	  active	  rifting	  and	  dike	  injection	  has	  focused	  scientific	  attention	  on	  this	  area	  (Ebinger	  et	  al.,	  2010).	  In	  September	  2005,	  a	  
60km	   long	   segment	   of	   the	   Dabbahu-‐Manda-‐Hararo	   (DMH)	   rift	   segment	   opened	   in	   two	   weeks	   (Wright	   et	   al.,	   2006),	   and	  
geodetic	  and	  seismic	  monitoring,	  using	  data	  mainly	  from	  this	  experiment,	  have	  revealed	  14	  episodes	  of	  dike	  injection	  along	  this	  
segment	  of	  the	  rift	  (e.g.	  Wright	  et	  al.,	  2006,	  Ayele	  et	  al.,	  2009,	  Hamling	  et	  al.,	  2009,	  Belachew	  et	  al.,	  2011).	  A	  primary	  objective	  
of	  this	  study	  is	  to	  focus	  on	  understanding	  the	  magma	  plumbing	  system	  and	  fault	  kinematics	  In	  the	  Danakil	  depression	  and	  Erta	  
Ale	   volcanic	   system.	   This	   portion	   of	   the	   rift	   is	   located	   north	   of	   the	   Dabbahu	   segment,	   with	   results	   anticipated	   to	   provide	  
insights	  on	  along	  rift	  variations	  in	  character	  and	  kinematics	  of	  rifting.	  	  
	  
	  

	  	  
	  

Figure	  1.	  Tectonic	  setting	  of	  the	  Afar	  
depression.	   Solid	   black	   lines	   show	  
Oligocene-‐Miocene	   border	   faults	   of	  
the	  Red	  Sea,	  Gulf	  of	  Aden	  Aden,	  and	  
East	   African	   rifts.	   Red	   segments	  
show	   the	   Quaternary-‐Recent	  
subaerial	   rift	   axes,	   and	   green	  
triangles	   show	   Holocene	   volcanoes.	  
Dashed	   lines	   show	   the	  
Tendaho-‐Goba’ad	   Discontinuity	  
(TGD).	   The	   Danakil	   microplate	   is	  
shaded	   yellow.	   Gray	   circles	   show	  
large	  earthquakes	  during	  1973–2012	  
sourced	   from	   the	   National	  
Earthquake	   Information	   Center	  
(NEIC)	   catalog.	   Earthquake	   focal	  
mechanisms	   are	   from	   the	   Global	  
Centroid	   Moment	   Tensor	   (CMT)	  
catalog.	   Top	   left	   inset:	   topography	  
of	  NE	  Africa	  and	  Arabia.	  Gray	  arrows	  
show	   plate	   motions	   relative	   to	   a	  
fixed	   Nubian	   plate	   (ArRajehi	   et	   al.,	  
2010).	   Bottom	   right	   inset	   shows.	  
Botton	   right	   inset:	   Zoom	   of	  
Oligocene-‐Miocene	   border	   faults	  
(black)	   and	   Quaternary-‐recent	  
subaerial	   rift	   axes	   (red	   segments)	  
showing	   motion	   of	   the	   Danakil	  
microplate	  (McClusky	  et	  al.,	  2010).	  
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Survey	  Procedure	  
Prior	  to	  February	  2012,	  12	  ESPD	  seismometers	  from	  loan	  885	  were	  initially	  localized	  during	  October	  2009-‐January	  2011	  around	  
the	  Dabbahu	  segment	  of	  the	  Afar	  rift	  with	  the	  primary	  objective	  of	  investigating	  the	  on-‐going	  seismcity	  associated	  with	  dyking.	  
In	  February	  2011,	  7	  of	  the	  seismometers	  were	  moved	  northward	  into	  the	  Danakil	  depression	  in	  order	  to	  record	  microseismicity	  
in	   the	  northernmost	  basin	  of	  Afar.	  During	   the	  project	  2	  ESPD	  sensors	   failed,	  and	  were	   replaced	   in	  October	  2011	  by	  3	  x	  6TD	  
sensors.	  These	  10	  ESPDs	  and	  3	  6TDs	  were	  left	  in	  the	  Danakil	  depression	  until	  January	  2013	  and	  therefore	  form	  loan	  956	  results	  
for	  which	  are	  reported	  here.	  	  
	  
Help	   and	   collaboration	   from	   Addis	   Ababa	   University	   (in	   particular	   Dr	   Atalay	   Ayele),	   the	   National	   Regional	   Afar	   State	  
government,	  the	  Federal	  Ethiopian	  Government	  and	  SEIS-‐UK	  employees	  was	  essential	  for	  the	  success	  of	  the	  project.	  Logistical	  
procedures	  were	   already	  well-‐advanced	   following	   the	   2005	  NERC	   funded	  Urgency	   network	   and	   2007-‐2009	  Afar	   Consortium	  
network	  in	  Afar.	  We	  located	  stations	  mainly	  in	  fenced	  compounds	  to	  maximize	  security.	  	  Care	  was	  taken	  to	  achieve	  a	  regular	  
spacing	  of	  stations,	  but	  not	  at	  the	  expense	  of	  finding	  a	  secure	  location.	  Available	  locations	  were	  mainly	  limited	  to	  towns	  with	  a	  
fenced	  government	   compounds	   (e.g.,	   police	   stations,	   clinic,	   government	  offices).	  We	  could	  distribute	   the	   stations	  at	   regular	  
intervals	  in	  the	  region,	  but	  were	  unable	  to	  access	  the	  eastern	  side	  of	  the	  Danakil	  depression	  due	  poor	  security	  conditions	  there.	  
However	  our	  station	  distribution	  was	  adequate	  to	  achieve	  the	  scientific	  objectives	  (Figure	  2).	  	  
	  
Most	  of	  the	  seismometers	  were	  deployed	  in	  a	  hole	  ~1-‐1.5m	  deep,	  ~0.7m	  in	  diameter.	  Seismometers	  were	  placed	  in	  a	  plastic	  
bag	  and	  buried	  directly	  in	  the	  soil,	  with	  the	  sensor	  pits	  were	  protected	  from	  the	  heat	  using	  buried	  reflective	  sheets.	  A	  second	  
hole	  close	  to	  the	  seismometer	  hole	  was	  dug,	  and	  a	  plastic	  bin	  placed	   inside.	  This	  was	  of	  a	  depth	  so	  that	   the	  bin	  was	  ~20cm	  
above	   the	   surface.	   The	  battery,	   break	  out	   box,	  were	  placed	   in	   this	   box	  with	   all	   cables	   attached.	   	   Cables	   for	   the	   sensor	   and	  
firewire	  led	  from	  this	  box	  to	  the	  seismometer	  hole.	  Cables	  for	  the	  GPS	  and	  solar	  panels	  led	  out	  of	  the	  box	  and	  connected	  with	  
the	   solar	   panels	   and	   GPS	   antenna	   located	   nearby.	   All	   cables	   out	   of	   the	   box	   were	   fed	   through	   flexible	   plastic	   conduit	   and	  
secured	  to	  posts	  or	  buried.	  The	  battery/cable	  box	  was	  then	  covered	  with	  insulation	  and	  plastic,	  and	  secured	  with	  tape.	  Before	  
the	  box	  was	  secured	  the	  configuration	  of	  the	  sensors	  was	  checked	  using	  the	  palms	  for	  the	  ESP	  and	  6TD.	  3	  seismic	  stations	  were	  
deployed	  subaerially	  with	  the	  sensor	  deployed	  directly	  on	  bedrock	  and	  covered	  with	  a	  plastic	  bucket,	  then	  a	  cairn	  of	  fist	  sized	  
rocks,	  and	   finally	  by	  several	   layers	  of	   reflective	   foil.	  For	   these	  subaerial	  deployments	   the	  battery	  and	  breakout	  box	  etc	  were	  
placed	  in	  a	  bucket	   in	  a	  similar	  fashion	  for	  subsurface	  deployments	  except	  that	  the	  bucket	  was	  completely	  above	  the	  ground,	  
and	  then	  protected	  by	  a	  cairn	  of	  stones	  and	  by	  reflective	  foil	  (figure	  3).	  
	  
All	  the	  GCF	  format	  data	  collected	  from	  the	  seismometers	  in	  the	  field	  has	  been	  converted	  to	  miniseed	  format	  and	  stored	  on	  the	  
SEIS-‐UK	  computing	  system.	  In	  addition	  a	  dataless	  seed	  file	  with	  details	  regarding	  station	  names	  and	  corresponding	  instrument	  
serial	  numbers,	  station	  locations,	  time	  periods	  of	  operation	  was	  also	  created	  on	  the	  SEIS-‐UK	  system.	  On	  completion	  of	  all	  the	  
fieldwork	   the	   full	   set	  of	  collated	  miniseed	   files	  and	   finalized	  dataless	  seed	  volume	  was	  copied	   to	   the	   IRIS-‐Data	  Management	  
Center.	  	  
	  

	  
	  

Figure	  2.	  The	  distribution	  of	  13	  seismic	  stations	  operating	  in	  northern	  Afar	  during	  February	  2012	  to	  January	  2013.	  
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Figure	  3.	  left	  panel	  shows	  a	  typical	  subsurface	  deployment	  and	  the	  right	  panel	  shows	  a	  typical	  subaerial	  deployments	  with	  both	  the	  sensor	  and	  
battery/breakout	  box	  housing	  covered	  with	  a	  cairn	  of	  rocks	  and	  reflective	  foil.	  	  
	  
	  
Data	  Quality	  
The	  ESPD	  and	  6TD	  systems	  used	   in	  the	  study	  and	  were	  generally	  user	   friendly.	  The	  data	  were	  generally	  of	  good	  to	  excellent	  
quality	   and	   of	   relatively	   low	   noise,	   especially	   during	   the	   night	   (figure	   4).	  We	   encountered	   relatively	   few	   problems	  with	   the	  
instruments.	  Instrumental	  problems	  were	  restricted	  to	  1	  of	  the	  ESP’s	  being	  unable	  to	  lock	  during	  station	  removal.	  In	  addition,	  
one	  instrument	  suffered	  from	  a	  failed	  horizontal	  component	  for	  the	  duration	  of	  the	  project.	  We	  had	  a	  few	  stations	  temporarily	  
stop	  working	  due	   to	  battery	   failure,	   though	   this	  was	   relatively	  uncommon	  since	  we	   regularly	   replaced	   the	  batteries	  due	   the	  
harsh	  temperature	  conditions.	  One	  solar	  panel	  was	  stolen	  during	  the	  project.	  	  
	  

	  	  	  	   	  

	  
	  
	  
Processing	  
Earthquake	   locations:	  Continuous	  seismic	  data	   for	  February	  2012-‐January	  2013	  was	   initially	   loaded	   in	  1-‐hour-‐long	  segments,	  
and	  filtered	  using	  a	  bandpass	  filter	  of	  1-‐10Hz.	  Data	  is	  manually	  inspected	  for	  earthquakes	  and	  arrival	  times	  of	  P-‐,	  and	  S-‐waves	  
from	  earthquakes	  recorded	  at	  3	  or	  more	  seismic	  stations	  are	  measured.	  Provisional	  earthquake	  locations	  are	  computed	  using	  
Hypo2000	   for	   earthquakes	   including	   4	   or	  more	  P-‐	   or	   S-‐phases	   using	   a	   simple	   4-‐layer,	   1-‐D	   velocity	  model	   for	   the	  Afar	   crust,	  
defined	  using	  wide-‐angle	  seismic	  reflection	  and	  refraction	  data	  (Makris	  and	  Ginzburg,	  1987).	  We	  use	  a	  linear	  increase	  in	  seismic	  

Figure	  4.	  Power	  spectral	  density	  plots	  of	  the	  vertical	  
components	   over	   a	   seismically	   quiet	   period.	   The	  
stations	   show	   typical	   ambient	   noise	   at	   the	   stations	  
across	   the	   network.	   The	   black	   lines	   show	   the	   high	  
and	   low	  noise	  model	  of	  Peterson	   (1993).	  The	  modal	  
value	  is	  shown	  as	  a	  coloured	  line.	  	  
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velocities	  within	  each	  crustal	  layer,	  a	  technique	  designed	  to	  avoid	  artificial	  clustering	  of	  earthquakes	  at	  sharp	  discontinuities	  in	  
velocity	  associated	  with	  using	  a	  stepped	  mode.	  Our	  resultant	  locations	  have	  average	  horizontal	  errors	  of	  <	  500	  m	  and	  errors	  in	  
depth	  of	  <	  2km.	  	  
	  
Earthquake	   magnitude,	   energy	   release	   and	   moment	   tensor	   inversion:	   Local	   magnitudes	   (ML)	   of	   the	   earthquakes	   were	  
computed	   from	   the	   maximum	   zero-‐to-‐peak	   amplitude	   measured	   on	   simulated	   horizontal	   component	   Wood-‐Anderson	  
displacement	  seismograms	  after	  removal	  of	  instrument	  response	  [Richter,	  1935].	  These	  measurements	  are	  used	  in	  conjunction	  
with	  hypocentral	  distances	  to	  estimate	   local	  magnitude	  (ML)	  using	  the	  distance	  correction	  applicable	  to	  the	  MER	  (Keir	  et	  al.,	  
2006).	   These	   analyses	   also	   show	   that	   the	   magnitude	   of	   earthquakes	   ranges	   ML	   0.4-‐4.	   Seismic	   moment	   release	   (Mo)	   is	  
determined	  using	  the	  empirical	  relationship	  derived	  between	  ML	  and	  Mo	  by	  Hanks	  and	  Kanamori	  (1979].	  Earthquake	  moment	  
tensors	  were	  computed	  from	  full	  waveform	  inversion	  using	  the	  code	  of	  Ford	  et	  al.	  (2009).	  	  
	  
Teleseismic	   imaging	  Surface-‐wave	  tomography	   -‐	  dispersion	  curves	  of	   teleseismic	  earthquakes	  have	  been	  picked	  and	   inverted	  
for	  phase	  velocity	  maps	  at	  periods	  ranging	  from	  25	  seconds	  to	  125	  seconds.	  The	  provisional	  results	  show	  that	  at	  40	  seconds	  the	  
lowest	  S-‐wave	  velocities	  are	  beneath	  the	  central	  Ethiopian	  rift	  (Figure	  6).	  Other	  distinct	  low	  velocity	  anomalies	  are	  beneath	  the	  
Afar	  depression	  and	  also	  a	  segment	  of	  the	  central-‐west	  Gulf	  of	  Aden	  rift.	  The	  low	  velocity	  anomalies	  in	  the	  subaerial	  parts	  of	  
the	  map	  are	  likely	  zones	  of	  magma	  intrusion	  in	  the	  mantle	  lithosphere,	  whereas	  the	  low	  velocity	  anomaly	  in	  the	  Gulf	  of	  Aden	  is	  
likely	  upwelling	  asthenosphere	  beneath	  the	  axis	  of	  the	  ridge. 

	  
Interpretation	  and	  results	  
Danakil	  depression	  microseismicity	  -‐	  hypocentres	  of	  ~2000	  earthquakes	  locatable	  during	  1	  February	  2012	  to	  31	  July	  2012	  from	  
arrival	  time	  measurements	  of	  at	   least	  4	  phases	  are	  displayed	  in	  Figure	  5.	  The	  majority	  of	  seismicity	  is	  clustered	  near	  volcanic	  
centres	   in	   the	   rift	   axis,	   and	  also	  on	   the	  western	  margin	  of	   the	  Danakil	  depression.	   In	   the	   rift	   axis	  of	   the	  Danakil	  depression,	  
earthquakes	  define	  distinct	  clusters	  near	  the	  Dallol	  magmatic	  centre,	  near	  Alu-‐Dala	  Filla	  and	  Erta	  Ale,	  strongly	  suggesting	  that	  
the	   subsurface	   movement	   of	   magma	   beneath	   the	   volcanoes	   induces	   these	   earthquakes.	   Earthquakes	   are	   also	   particularly	  
focused	  further	  south,	  within	  the	  Dabbahu	  magmatic	  segment.	  At	  the	  western	  margin	  of	  the	  rift,	  earthquakes	  are	  particularly	  
focused	  near	  the	  towns	  of	  Berhale	  and	  Abala.	  The	  paucity	  of	  young	  volcanism	  here	  coupled	  with	  presence	  of	  fault	  scarps	  at	  the	  
surface	  suggests	  these	  earthquakes	  represent	  ongoing	  slip	  on	  the	  border	  fault	  system	  of	  the	  Danakil	  depression.	  	  
	  

	  	  	  	  	   	  
	  
	  
Figure	   5.	   Right	   panel	   is	  Map	  of	   all	   ~2000	  earthquakes	  during	   2012	   located	   from	  at	   least	   4	   P-‐	   and	   S-‐wave.	   Left	   panels	   are	   cross-‐sections	  of	  
seismicity	  on	  the	  western	  margin	  of	  Afar.	  The	  section	  A-‐A’	  along	  the	  rift	  margin	  show	  that	  most	  earthquakes	  are	  shallower	  than	  8	  km,	  but	  do	  
extend	  to	  a	  maximum	  depth	  of	  15	  km.	  The	  section	  also	  shows	  that	  the	  depths	  of	  earthquakes	  along	  the	  rift	  margin	  increases	  towards	  the	  south.	  
Section	  B-‐B’	   crosses	   the	  dense	   seismic	   cluster	   just	   south	  of	  Berhale.	   The	   cross	   section	   shows	   that	   earthquakes	   actually	   define	   two	  discrete	  
clusters	  that	  are	  3	  km	  apart.	  The	  2	  clusters	  are	  elongate	  along	  axes	  that	  dip	  70	  degrees	  towards	  the	  west.	  The	  axes	  of	  the	  clusters	  intersect	  the	  
surface	  near	  sharp	  breaks	  in	  slope	  likely	  caused	  by	  protracted	  deformation	  on	  faults.	  We	  interpret	  these	  2	  clusters	  as	  showing	  activity	  along	  2	  
sub-‐parallel	  faults	  that	  dip	  at	  70	  degrees	  towards	  the	  west.	  
	  
	  
	  

NERC Geophysical Equipment Facility - View more reports on our website at http://gef.nerc.ac.uk/reports.php



 5 

The	  section	  A-‐A’	  along	  the	  rift	  margin	  is	  displayed	  in	  Figure	  5	  and	  shows	  that	  most	  earthquakes	  are	  shallower	  than	  8km,	  but	  do	  
extend	  to	  a	  maximum	  depth	  of	  15	  km.	  The	  section	  also	  shows	  that	  the	  depths	  of	  earthquakes	  along	  the	  rift	  margin	  increases	  
towards	   the	   south.	   Section	   B-‐B’	   crosses	   the	   dense	   seismic	   cluster	   just	   south	   of	   Berhale.	   The	   cross	   section	   shows	   that	  
earthquakes	   define	   two	   discrete	   clusters	   that	   are	   3	   km	   apart.	   The	   2	   clusters	   are	   elongate	   along	   axes	   that	   dip	   70	   degrees	  
towards	   the	   west.	   The	   axes	   of	   the	   clusters	   intersect	   the	   surface	   near	   sharp	   breaks	   in	   slope	   likely	   caused	   by	   protracted	  
deformation	   on	   faults.	  We	   interpret	   these	   2	   clusters	   as	   showing	   activity	   along	   2	   sub-‐parallel	   faults	   that	   dip	   at	   70	   degrees	  
towards	  the	  west.	  These	  antithetic	  faults	  (dipping	  away	  from	  the	  rift)	  are	  likely	  normal	  dip	  slip.	  	  
	  
Teleseismic	  imaging	  
Surface-‐wave	   tomography	   -‐	   dispersion	   curves	   of	   teleseismic	   earthquakes	   have	   been	   picked	   and	   inverted	   for	   phase	   velocity	  
maps	  at	  periods	  ranging	  from	  25	  seconds	  to	  125	  seconds	  (figure	  6).	  The	  provisional	  results	  show	  that	  at	  40	  seconds	  the	  lowest	  
S-‐wave	  velocities	  are	  beneath	  the	  central	  Ethiopian	  rift.	  Other	  distinct	  low	  velocity	  anomalies	  are	  beneath	  the	  Afar	  depression	  
and	  also	  a	  segment	  of	  the	  central-‐west	  Gulf	  of	  Aden	  rift.	  The	  low	  velocity	  anomalies	  in	  the	  subaerial	  parts	  of	  the	  map	  are	  likely	  
zones	  of	  magma	  intrusion	  in	  the	  mantle	  lithosphere,	  whereas	  the	  low	  velocity	  anomaly	  in	  the	  Gulf	  of	  Aden	  is	  likely	  upwelling	  
asthenosphere	  beneath	  the	  axis	  of	  the	  ridge.	  	  
	  

	  	  	  	  	  	  	   	  
	  
Figure	   6.	   Phase	   velocity	   maps	   for	   periods	   40	   second	   (left)	   and	   90	   second	   (right)	   generated	   using	   inversion	   of	   teleseismic	   surface	   wave	  
dispersion	  curves.	  	  
	  
Conclusions	  and	  recommendations	  
These	   SEIS-‐UK	   loans	   have	   enabled	   collected	   of	   high	   quality	   data	   from	   one	   of	   the	  most	   inaccessible	   parts	   of	   the	   world.	   13	  
seismic	  stations	  were	  operated	  safely	  and	  continuously	  for	  one	  year.	  No	  seismometer	  was	  lost	  or	  stolen	  during	  the	  experiment	  
and	  1	   seismometer	  was	  damaged	  because	  of	   instrument	   failure	  meaning	   they	  could	  not	  be	   locked	  during	  decommissioning.	  
One	  solar	  panel	  was	  stolen.	  New	  analyses	  of	  seismicity,	  and	  surface-‐wave	  tomography	  have	  been	  conducted	  on	  the	  data.	  	  Of	  
these,	  the	  surface-‐wave	  tomography	  is	  near	  completion	  and	  being	  written	  up	  by	  PhD	  student	  Ryan	  Gallacher	  at	  the	  University	  
of	  Southampton.	  The	  local	  seismicity	  analysis	  is	  progressing	  and	  has	  so	  far	  been	  used	  to	  constrain	  the	  behavior	  of	  border	  fault	  
and	  axial	  fault	  systems.	  
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GULE	  6TD	  T6083	  13.69449	  39.58854	  2021	  	  
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