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SESSION	
  1	
  
EustaEc	
  sea	
  level	
  changes	
  



The	
  ‘classic’	
  definiEon	
  of	
  Eustasy	
  

The	
  term	
  ‘eustasy’	
  was	
  coined	
  by	
  the	
  Austrian	
  
geologist	
  Edward	
  Suess	
  in	
  1888	
  and	
  derives	
  from	
  
the	
  ancient	
  Greek	
  words	
  eu,	
  ‘well’,and	
  staEkos	
  
‘staEc,	
  fixed’.	
  	
  
	
  
The	
  original	
  definiEon	
  was	
  introduced	
  by	
  Suess	
  to	
  
explain	
  the	
  observaEon	
  that	
  sea	
  level	
  is	
  
characterized	
  by	
  transgression	
  and	
  regression	
  
phases	
  that	
  respecEvely	
  inundate	
  and	
  expose	
  
conEnental	
  shelves.	
  



According	
  to	
  Suess’s	
  definiEon	
  of	
  eustasy,	
  ocean	
  
mass	
  variaEons	
  following	
  ice	
  sheet	
  fluctuaEons	
  
would	
  result	
  in	
  global	
  uniform	
  mean	
  sea	
  level	
  
changes.	
  This	
  definiEon	
  implies	
  that	
  the	
  world’s	
  
ocean	
  basins	
  are	
  similar	
  to	
  a	
  giant	
  bathtub,	
  with	
  
fixed	
  borders	
  represented	
  by	
  conEnents	
  with	
  
sharp	
  and	
  steep	
  boundaries.	
  



EustaEc	
  sea	
  level	
  (ESL)	
  changes	
  are	
  driven	
  by	
  
different	
  processes	
  that	
  cause	
  changes	
  in	
  the	
  
volume	
  or	
  mass	
  of	
  the	
  world	
  ocean	
  and	
  result	
  
in	
  globally	
  uniform	
  mean	
  sea	
  level	
  variaEons.	
  
	
  
Can	
  you	
  think	
  of	
  a	
  few?	
  Discuss	
  with	
  your	
  
neighbour	
  (2	
  min)	
  



EustaEc	
  sea	
  level	
  changes	
  



Diurnal	
  and	
  semidiurnal	
  astronomical	
  Edes 	
  	
  
Period	
  12–24	
  h 	
  Varia/on	
  0.2–10+	
  m	
  

Tidal	
  predicEon	
  modelling	
  
hYp://volkov.oce.orst.edu/Edes/	
  

Long	
  period	
  Edes	
  
Amplitudes	
  of	
  a	
  few	
  cen2meters	
  
or	
  less	
  and	
  periods	
  longer	
  than	
  
one	
  day,	
  generated	
  by	
  changes	
  in	
  
the	
  Earth's	
  orienta2on	
  rela2ve	
  to	
  
the	
  Sun,	
  Moon,	
  and	
  Jupiter	
  

Dynamic changes 



Diurnal	
  and	
  semidiurnal	
  astronomical	
  Edes 	
  	
  
Period	
  12–24	
  h 	
  Varia/on	
  0.2–10+	
  m	
  

Dynamic changes 

The same tidal forcing has different results depending on many 
factors, including coast orientation, continental shelf margin, 
water body dimensions. 
	
  
	
  



Atmospheric	
  pressure	
  	
  
Period:	
  hours	
  to	
  months	
  	
  Varia/on:−0.7	
  to	
  1.3	
  m	
  

hYp://cses.washington.edu/	
  

Dynamic changes 



Seiches	
  
Standing	
  waves	
  up	
  to	
  2m	
  

Dynamic changes 



Seiches	
  
Standing	
  waves	
  up	
  to	
  2m	
  

Dynamic changes 



Winds	
  (storm	
  surges)	
  	
  
Period	
  1–5	
  days 	
  Varia/on	
  up	
  to	
  5	
  m	
  

Dynamic changes 



Winds	
  (storm	
  surges)	
  	
  
Period	
  1–5	
  days 	
  Varia/on	
  up	
  to	
  5	
  m	
  

Dynamic changes 



Winds	
  (storm	
  surges)	
  	
  
Period	
  1–5	
  days 	
  Varia/on	
  up	
  to	
  5	
  m	
  

Dynamic changes 



Waves	
  
Period:	
  days	
  	
  	
  	
  	
   	
  Varia/on	
  up	
  to…?	
  

Dynamic changes 



Waves	
  
Period:	
  days	
  	
  	
  	
  	
   	
  Varia/on	
  up	
  to…?	
  

Dynamic changes 



EvaporaEon	
  and	
  precipitaEon	
  
Period:	
  days	
  to	
  weeks	
  

In	
  2011,	
  a	
  significant	
  drop	
  in	
  global	
  sea	
  level	
  occurred	
  that	
  was	
  
unprecedented	
  in	
  the	
  alEmeter	
  era.	
  

Dynamic changes 

Any	
  ideas	
  what	
  might	
  	
  
have	
  caused	
  this?	
  



hYp://podaac.jpl.nasa.gov/	
  

Dynamic changes 

What	
  is	
  ENSO?	
  



ENSO	
  
Period:	
  days	
  to	
  weeks	
  	
  	
  	
  	
  Varia/on	
  up	
  to	
  1m	
  

hYp://podaac.jpl.nasa.gov/	
  

Dynamic changes 



River	
  runoff/floods	
  	
  
Period:	
  2	
  months	
  	
  	
  	
  Varia/on:	
  1m	
  

Seasonal	
  water	
  density	
  changes	
  	
  
Period:	
  6	
  months	
  	
  	
  	
  Varia/on:	
  0.2m	
  

Dynamic changes 



Ocean	
  surface	
  topography	
  (changes	
  in	
  water	
  density	
  
and	
  currents)	
  

Period:	
  days	
  to	
  weeks	
  	
  	
  	
  	
  Varia/on	
  up	
  to	
  1m	
  

 Local sea level change (m) due to ocean density and circulation 
change relative to the global average	
  

Climate Change 2007: Working Group I: The Physical Science Basis	
  

Dynamic changes 



Ocean	
  surface	
  topography	
  (changes	
  in	
  water	
  density	
  
and	
  currents)	
  

Period:	
  days	
  to	
  weeks	
  	
  	
  	
  	
  Varia/on	
  up	
  to	
  1m	
  

Dynamic changes 



Summary:	
  EustaEc	
  sea	
  level	
  changes	
  



Thermosteric changes 

Thermal	
  expansion	
  of	
  water	
  masses	
  
(thermosteric	
  changes)	
  at	
  molecular	
  level.	
  
Above	
  4	
  °C,	
  water	
  expands	
  as	
  it	
  is	
  heated	
  due	
  
to	
  greater	
  molecular	
  moEons.	
  

Changes	
  in	
  volume	
  of	
  water	
  masses	
  are	
  caused	
  
by	
  variaEons	
  in	
  ocean	
  water	
  density	
  as	
  a	
  result	
  
of	
  cooling	
  or	
  warming	
  of	
  water	
  masses	
  or	
  
changes	
  in	
  their	
  salinity	
  (respecEvely,	
  thermo-­‐	
  
and	
  halo-­‐steric	
  changes).	
  	
  

Global	
  Sea	
  Level	
  Rise:	
  what	
  is	
  
bigger	
  thermal	
  expansion	
  or	
  
mel2ng	
  ice?	
  



Thermosteric changes 



Changes	
  in	
  mass	
  of	
  the	
  world	
  ocean	
  can	
  occur	
  
as	
  a	
  consequence	
  of	
  melEng	
  or	
  accumulaEon	
  
of	
  conEnental	
  ice	
  sheets	
  over	
  Eme	
  (glacio-­‐
eustasy)	
  

Glacio-eustatic changes 

How	
  do	
  ice	
  sheets	
  melt?	
  



Glacio-eustatic changes 



Glacio-eustatic changes 



Rates of surface elevation change (dS/dt) derived from laser 
altimeter measurements at more than 16,000 locations on the 
Greenland Ice Sheet where ICESat data from 2005 overlay 
aircraft surveys in 1998/1999 (using methods described by 
Thomas et al., 2006). Locations of rapidly thinning outlet 
glaciers at Jakobshavn (J), Kangerdlugssuaq (K), Helheim 
(H) and along the southeast coast (SE) are shown, together 
with an inset showing their estimated total mass balance (M· , 
Gt yr–1) between 1996 and 2005 (Rignot and Kanagaratnam, 
2006).	
  

Glacio-eustatic changes 



Rates of surface elevation change (dS/dt) derived from ERS radar-
altimeter measurements between 1992 and 2003 over the Antarctic Ice 
Sheet (Davis et al., 2005). Locations of ice shelves estimated to be 
thickening or thinning by more than 30 cm yr–1 (Zwally et al., 2006) are 
shown by red triangles (thickening) and purple triangles (thinning).	
  

Glacio-eustatic changes 



Glacio-eustatic changes 

DeConto	
  &	
  Pollard,	
  Nature	
  



Long	
  term	
  eustaEc	
  changes	
  

MiluEn	
  Milanković	
  (1879	
  –	
  1958)	
  was	
  a	
  Serbian	
  mathemaEcian,	
  astronomer,	
  climatologist,	
  geophysicist,	
  civil	
  engineer,	
  doctor	
  of	
  technology,	
  university	
  
professor	
   and	
   popularizer	
   of	
   science.	
  Milanković	
   gave	
   two	
   fundamental	
   contribuEons	
   to	
   global	
   science.	
   The	
   first	
   contribuEon	
   is	
   the	
   "Canon	
   of	
   the	
  
Earth’s	
  InsolaEon",	
  which	
  characterizes	
  the	
  climates	
  of	
  all	
  the	
  planets	
  of	
  the	
  Solar	
  system.	
  The	
  second	
  contribuEon	
  is	
  the	
  explanaEon	
  of	
  Earth's	
  long-­‐
term	
  climate	
  changes	
  caused	
  by	
  changes	
  in	
  the	
  posiEon	
  of	
  the	
  Earth	
  in	
  comparison	
  to	
  the	
  Sun,	
  now	
  known	
  as	
  Milankovitch	
  cycles.	
  



Long	
  term	
  eustaEc	
  changes	
  



EustaEc	
  sea	
  level	
  changes	
  

Source:	
  NASA,	
  CSIRO	
  



GravitaEonal	
  effects	
  



Hydro-eustatic changes 

Changes	
  in	
  mass	
  of	
  the	
  world	
  ocean	
  can	
  occur	
  
as	
  a	
  consequence	
  of	
  water	
  redistribuEon	
  
between	
  different	
  hydrological	
  reservoirs	
  
(snow,	
  surface	
  water,	
  soil	
  moisture,	
  and	
  
groundwater	
  storage,	
  excluding	
  glaciers)	
  



Hydro-eustatic changes 



Tectono and sedimento-eustatic changes 

ESL	
  changes	
  also	
  occur	
  when	
  the	
  volume	
  of	
  the	
  
ocean	
  basins	
  changes	
  following	
  tectonic	
  
seafloor	
  spreading	
  (tectono-­‐eustasy)	
  or	
  
sedimentaEon	
  (sedimento-­‐	
  eustasy)	
  



EustaEc	
  sea	
  level	
  changes	
  



SESSION	
  2	
  
How	
  do	
  we	
  observe	
  sea	
  level	
  changes?	
  



The very short version 



Tide gauges 



Tide gauges 

Sonel.org	
  



Satellite altimetry 



hYp://sealevel.jpl.nasa.gov/	
  

Once	
  corrected	
  for	
  seasonal	
  variaEons,	
  
due	
  for	
  example	
  to	
  ocean	
  currents,	
  and	
  
other	
  factors	
  such	
  as	
  glacial	
  isostaEc	
  
adjustment,	
  the	
  global	
  average	
  of	
  all	
  
SSH	
  anomalies	
  can	
  be	
  ploYed	
  over	
  Eme	
  
to	
  define	
  the	
  global	
  mean	
  sea	
  level	
  
change,	
  which	
  can	
  be	
  considered	
  as	
  the	
  
eustaEc,	
  globally	
  averaged	
  sea	
  level	
  
change	
  

Satellite altimetry 



The paleo record 

The	
  common	
  era	
  



The paleo record 

The	
  common	
  era	
  



The paleo record 

The	
  common	
  era	
  



The paleo record 

The	
  Holocene	
  -­‐	
  deglacial	
  

Lambeck	
  et	
  al.,	
  2014,	
  PNAS	
  



The paleo record 

The	
  Holocene	
  -­‐	
  deglacial	
  

Meltwater	
  pulses	
  

Deschamps	
  et	
  al.,	
  2012,	
  Nature	
  



The paleo record 

The	
  Pleistocene	
  



The paleo record 

The	
  Pleistocene	
  



The paleo record 

The	
  paleo	
  record	
  	
  



The paleo record 

The	
  paleo	
  record	
  	
  



The paleo record 

DuYon	
  et	
  al.,	
  2015,	
  Science	
  



Every	
  sea	
  level	
  measurement	
  is	
  a	
  
measurement	
  of	
  RelaEve	
  sea	
  level	
  change,	
  
not	
  EustaEc.	
  
	
  
This	
  means	
  that	
  every	
  measure	
  has	
  to	
  be	
  
corrected	
  for	
  many	
  factors	
  before	
  being	
  
considered	
  representaEve	
  of	
  eustasy	
  (i.e.	
  
ice	
  volume)	
  



GIA:	
  glacial	
  
isostaEc	
  
adjustment	
  



Isostasy 



Isostasy 

Khan	
  et	
  al.,	
  2015,	
  Current	
  Climate	
  Change	
  Reports	
  



Isostasy 

Departures from eustasy in Pliocene sea-level records 
Maureen E. Raymo, Jerry X. Mitrovica, Michael J. O’Leary, Robert M. DeConto  Paul J. Hearty 
Nature Geoscience 4, 328–332´(2011) 

 



Isostasy 



Tectonics 

Credits:	
  USGS	
  



Tectonics 



Tectonics 

Mavrolimni port in the northern coast of 
Perachora peninsula before and after the 
earthquake of 1981. The sea level change was 
instantaneous by 0.80m. Courtesy Dr. Nikos 
Mourtzas	
  



Tectonics 

Leonard L J et al. Geological Society of America Bulletin 
2004;116:655-670 

©2004 by Geological Society of America 



The many surface expressions of 
mantle dynamics 
• Jean Braun 
Nature Geoscience 3, 825–833 
 (2010) doi:10.1038/ngeo1020 

 

Dynamic topography 



Changes in African topography driven by mantle convection 
Robert Moucha & Alessandro M. Forte 
Nature Geoscience 4, 707–712 (2011) 

 

Dynamic topography 



Sediment compaction 

From Brain et al., 2016, Current Climate Change Reports: 
 
Compaction describes a range of natural syn- and post-depositional processes that reduce the volume of sediments deposited in low-
lying coastal areas, causing land-level lowering (i.e. subsidence). This can occur as a result of stress- and time-dependent mechanical 
compression processes that reduce pore space and increase bulk density. Compression processes include consolidation, which 
describes the expulsion of pore water from sediment interstices in response to burial by overburden sediments or from self-weight 
and creep, which describes ongoing viscous rearrangement of sediment particles. Predominantly organic sediments and peat deposits 
can also undergo florally and faunally mediated biochemical degradation, which can increase mass loss and can change the 
compressive strength of sediments. Compaction operates at various depths below ground level, and so a distinction is often made 
between near-surface (depths of ≤10 m or so below ground level) ‘shallow subsidence’, typically occurring in deposits of Holocene age 
and deeper sediment compaction in pre-Holocene sediments. Compaction can be accelerated by anthropogenic activity, notably 
through land drainage and exploitation of aquifers and hydrocarbon reserves.	
  



Sediment compaction 
From Brain et al., 2016, Current Climate Change Reports 



Sediment compaction 

Groundwater pumping rate in the Bangkok Plain 
versus time. 

N.  Phien-wej , P.H.  Giao , P.  Nutalaya 
 Land subsidence in Bangkok, Thailand 
Engineering Geology, Volume 82, Issue 4, 2006, 187 - 201 

Land subsidence versus time in different areas of Bangkok. 



Other subsidence factors 



Other isostatic factors 

© The Authors 2013. Published by Oxford University Press on behalf of The Royal Astronomical Society. 

Dalca A V et al. Geophys. J. Int. 2013;194:45-60 



Take	
  home	
  message:	
  every	
  sea	
  level	
  record	
  
is	
  a	
  record	
  of	
  a	
  relaEve	
  sea	
  level	
  change,	
  that	
  
must	
  then	
  be	
  corrected	
  to	
  esEmate	
  eustaEc	
  

sea	
  level	
  changes	
  

Observed=EustaEc+GIA+PostDep	
  



RelaEve	
  sea	
  level	
  indicators	
  



DefiniEons	
  
i)	
  Its	
  elevaEon	
  needs	
  to	
  be	
  referred	
  to	
  a	
  known	
  height	
  datum,	
  and	
  
its	
  posiEon	
  (laEtude	
  and	
  longitude)	
  needs	
  to	
  be	
  referred	
  to	
  a	
  
known	
  geographic	
  system;	
  
	
  
ii)	
  Its	
  offset	
  (relaEve	
  or	
  absolute)	
  from	
  a	
  former	
  sea-­‐level	
  needs	
  to	
  
be	
  known;	
  
	
  
iii)	
  The	
  age	
  (relaEve	
  or	
  absolute)	
  of	
  the	
  RSL	
  indicator	
  needs	
  to	
  be	
  
established	
  with	
  radiometric	
  methods	
  (such	
  as	
  230Th/U	
  daEng)	
  or	
  
through	
  chronostraEgraphic	
  correlaEon	
  with	
  other	
  dated	
  features.	
  

Any	
  straEgraphic	
  horizon,	
  landform,	
  or	
  paleo-­‐	
  
biologic	
  indicator	
  of	
  past	
  sea-­‐level	
  is	
  called	
  an	
  
RSL	
  indicator	
  (or	
  sea	
  level	
  index	
  point)	
  



DefiniEons	
  



The elevation of an RSL indicator is the vertical distance between the 
marker and modern mean sea-level, while the elevation error represents the accuracy of the 
measurement itself. Every measurement needs to be referred to a vertical datum (i.e. a ‘zero’ reference 
frame, representing modern MSL). In literature, the survey instruments used to establish elevation, their 
accuracy, and the vertical datum used are seldom reported.	
  

ElevaEon	
  -­‐	
  GPS	
  

hYp://www.icsm.gov.au/	
  



InterpretaEon	
  The	
  Indica2ve	
  Range	
  is	
  the	
  elevaEon	
  range	
  
over	
  which	
  an	
  indicator	
  forms.	
  The	
  greater	
  the	
  
indicaEve	
  range,	
  the	
  greater	
  the	
  uncertainty	
  in	
  
the	
  final	
  paleo	
  RSL	
  reconstrucEon.	
  
	
  
The	
  Reference	
  Water	
  Level	
  is	
  the	
  mid-­‐point	
  of	
  
this	
  range	
  



RSL = (Marker elevation) – (Reference water level)    

RSL Error = [(Elevation accuracy)2 + (Indicative range/2)2] 1/2    
  

DefiniEons	
  

The	
  indicaEve	
  meaning	
  for	
  a	
  given	
  type	
  of	
  feature	
  is	
  determined	
  by	
  measuring	
  its	
  relaEonship	
  
with	
  a	
  specific	
  contemporary	
  Edal	
  level	
  (usually	
  the	
  mean	
  sea-­‐level,	
  MSL)	
  along	
  the	
  modern	
  

shorelines	
  (i.e.	
  the	
  modern	
  analog).	
  



•  Archeological	
  	
  
•  Biological	
  
•  Sedimentological	
  
•  Geomorphological	
  

DefiniEons	
  

Types	
  of	
  relaEve	
  sea	
  level	
  markers	
  



Archeological	
  sea	
  level	
  markers	
  



Archeological	
  sea	
  level	
  markers	
  



Archeological	
  sea	
  level	
  markers:	
  fishtanks	
  

Kurt  Lambeck , Marco  Anzidei , Fabrizio  Antonioli , Alessandra  Benini , Alessandra  Esposito 

 Sea level in Roman time in the Central Mediterranean and implications for recent change 

Earth and Planetary Science Letters, Volume 224, Issues 3–4, 2004, 563 - 575 

Rita  Auriemma , Emanuela  Solinas 
 Archaeological remains as sea level change markers: A review 

Quaternary International, Volume 206, Issues 1–2, 2009, 134 - 146 



Archeological	
  sea	
  level	
  markers:	
  biological	
  aspects	
  

Morhange	
  &	
  Marriner	
  
The	
  new	
  handbook	
  of	
  sea	
  level	
  research	
  



Biological	
  sea	
  level	
  markers	
  
Dendropoma petraeum platform reef	
   Mushroom-like pillars of Dendropoma petraeum	
  

Living 
balanids 
(arrow) on 
intertidal 
boulders	
  

Fossil and 
living 
Chthamalus 
stellatus on 
an uplifted 
shore 
platform	
  

Fossil 
balanids	
  

Living balanids (1) and, in the 
lower part of the boulder, 
oysters (2) at low tide	
  

Living Mytilus 
galloprovincialis	
  



Biological	
  sea	
  level	
  markers	
  
Lihtophaga lithophaga boreholes	
   Balanids growing upon oysters	
  

Fossil 
Perforatus 
perforatus on 
a Archaic-
Greek-age 
harbor boulder	
  

Fossil Holocene 
Galeolaria reef	
  

Section of (1) speleothem showing serpulid 
overgrowth on (2) top of continental 
deposition	
  

Rim (or “trottoir”) of 
Lithophyllum byssoides (arrow) at low tide	
  



Biological	
  sea	
  level	
  markers	
  



Biological-­‐sedimentological:	
  Salt	
  marshes	
  

Simon E.  Engelhart , Benjamin P.  Horton 
 Holocene sea level database for the Atlantic coast of the United States 
Quaternary Science Reviews, Volume 54, 2012, 12 - 25 



Biological:	
  Microatolls	
  

www.earthobservatory.sg 

Frequency histograms of microatoll depths relative to MSL datum and predicted mean low water spring and neap tides: (a) entire 
sample; (b) reef flat microatolls; (c) interisland passage microatolls; and (d) lagoonal microatolls. 

Scott G.  Smithers , Colin D.  Woodroffe 
 Microatolls as sea-level indicators on a mid-ocean atoll 
Marine Geology, Volume 168, Issues 1–4, 2000, 61 - 78 



Biological:	
  Microatolls	
  

under stable sea-level conditions	
  

under gradually falling sea level	
  

under gradually rising sea level	
  

coseismic uplift at year 17.1 

coseismic subsidence at year 17.1 



Sedimentary	
  structures	
  

Toru  Tamura 
 Beach ridges and prograded beach deposits as 
palaeoenvironment records 
Earth-Science Reviews, Volume 114, Issues 3–4, 2012, 279 - 297 



Sedimentary	
  structures	
   SubEdal-­‐interEdal	
  transiEon	
  
South	
  Africa	
  



Morphologies	
   Marine	
  terraces	
  
	
  



Morphologies	
   Reef	
  terraces	
  
	
  

David	
  Hopley	
  
Encyclopedia	
  of	
  Earth	
  Sciences	
  
Series	
  Encyclopedia	
  of	
  Modern	
  
Coral	
  Reefs	
  Structure,	
  Form	
  and	
  
Process	
  



Morphologies	
   Reef	
  terraces	
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Rapid	
  sea	
  level	
  changes:	
  evidence	
  for	
  paleo	
  
tsunamis	
  

(a)	
  IndicaEve	
  locaEons	
  of	
  historical	
  tsunamogenic	
  sources	
  
in	
  the	
  broad	
  Aegean	
  area	
  according	
  to	
  Soloviev	
  (1990);	
  Yolsal	
  et	
  
al.	
  (2007)	
  and	
  Okal	
  et	
  al.	
  (2009);	
  black	
  stars	
  indicate	
  locaEon	
  and	
  
year	
  of	
  the	
  most	
  destrucEve	
  events.	
  (b)	
  Geographical	
  locaEon	
  and	
  
simplified	
  tectonic	
  setng	
  of	
  the	
  study	
  area	
  modified	
  from	
  Mascle	
  
and	
  MarEn	
  (1990)	
  and	
  Pavlides	
  et	
  al.	
  (2009)	
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Holocene	
  sea	
  level	
  changes	
  –	
  Archeological	
  markers	
  

1-Etruscan wells 
2-Lithic anchors  
3-Reconstructed Etruscan shoreline  
4-Castrum walls destroyed by wave action  
5-Harbor structures  
6-Pyrgi fishtank  
7-Reconstruction of the sewer pipe.	
  

1-Etruscan wells 

5-Harbor structures 

Remnants of harbor structures dislocated by wave action at depths between 1.50 and 2.60 m bsl (redrawn from 
Enei, 2008). Legend: 1–3) 2.10–2.50 m wall remnants; 4–11) Squared stone blocks coming from the Roman castrum: 
12, 15–25) Parts of smaller (30–40 cm thick) walls in some case associated to pavements (23,25), 
limestone cubilia (18,22) and roof-ceramics (16,17); 13, 14, 26) Parts of walls with remnants of wooden forms used as 
foundations.	
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Pleistocene	
  sea	
  level	
  changes	
  –	
  Last	
  interglacial	
  

RE Kopp et al. Nature 462, 863-867 (2009) doi:10.1038/nature08686 

Prior probability distribution for mean global sea level (GSL).  

Kopp R E et al. Geophys. J. Int. 2013;193:711-716 
© 2013 The Authors. Published by Oxford University Press on behalf of the Royal Astronomical 
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