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Table  1.    

Environment   Water   Grain  Surfaces   Pore  Space   Fabric   Chemistry/

Mineral  

CL  

Upper  beach   Unmixed  
groundwater  

Scalenohedral  to  
rhombohedral  (dog  
tooth),  normal  
orientation  

Equant  
subhedral,  crystal  

random  
orientation  

Drusy  to  blocky,  
gravitational,  
syntaxial  
overgrowth  

LMC  or  
HMC  

Blue  

Lower  beach  to  

upper  foreshore  

Mixed  water   Bladed,  fibrous,  
normal  orientation  

Granular,  crystal  

empty  

Gravitational,  
mosaic,  
syntaxial  
overgrowth  

HMC   Subdued  
blue,  violet  

Lower  foreshore  

to  upper  shoreface  

Sea  water   Microcrystalline,  
fibrous  

Often  empty,  or  
granular  

Symmetrical  
around  grains  

HMC,  
aragonite  

orange  

Lower  shoreface   Sea  water   Microcrystalline,  
fibrous  

Empty,  micrite  
(below  fair-‐
weather  base)  

Symmetrical  
around  grains  

HMC,  
aragonite  

Bright  
orange  
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Table  2A.    

Sample 
code 
(L V) 

O rigin Coordinates De 
(median) (Gy) 

De (model, Gy) OSL age (ka, 1  

249   E-Mediterranean 
(Levant) 

32.14N 
34.49E 1.20±0.33 1.1±0.1 2.3±0.1 

365   Levant 32.40N 
34.56E 84±2 85±1 113±5 

404   Levant 32.49N 
34.57E 0.51±0.02 0.51±0.02 1.01±0.06 

426   Iberia (Torre Vieja) 37.56N 
00.42E 79±4 73±5 83±6 

493   Gulf of Gabès 33.64N 
10.55E 3.37±0.09 3.3±0.1 4.3±0.2 

494   Gulf of Gabès 33.64N 
10.56E 80±3 82±3 106±4 

565   E-Arabia (Oman) 22.30N 
59.56E 50±3 48±3 80±3 

  

Table  2B.    

Sample 
Code 
(L V) 

G rain 
size 

( m) 

Water  
content  (%)    

U  (µg  g-‐1)   Th (µg g-1) K  (wt %) .
D cosm  

(Gy ka-1) 

Carbonate  
(%)  

249   180-250 8±3 0.399±0.018 0.626±0.063 0.169±0.010 0.212±0.010 71±4 

365   150-‐200   5±3 1.353±0.036 0.763±0.058 0.227±0.010 0.153±0.008 60±3 

404   200-‐250   5±3 0.247±0.012 0.288±0.069 0.194±0.010 0.21±0.01 65±4 
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426   200-‐250   5±2 1.156±0.032 1.785±0.069 0.474±0.014 0.21±0.01 75±4 

493   200-‐300   5±2 1.440±0.035 0.765±0.039 0.072±0.006 0.21±0.01 87±5 

494   90-‐150   6±2 1.732±0.045 0.679±0.058 0.201±0.010 0.098±0.004 69±4 

565   200-‐300   5±2 1.708±0.045 0.796±0.085 0.122±0.009 0.172±0.009 90±3 

  

Table  2C.    

Sample  
code  
(LV)  

Aliquot#  
(accepted/
measured)  

Aliquot  size  
(mm)   Rejection   Descriptive  Statistics  

Statistical  age  
model  

     
  

D0<53  Gy   RR1/2   Dim/fit   (%)   c   s   k     

249   33/72   3   n/a   18   21   43±5   -‐0.85   0.33   1.07   CAM  

365   22/72   3   31   1   18   28±5   -‐1.06   -‐1.1   -‐0.25   CAM  

404   42/96   5   n/a   35   19   24±3   0.86   0.25   2.79   median  

426   22/24   3   -‐   -‐   2   39±6   -‐0.87   0.39   0.89   CAM  

493   168/38   3   n/a   57   73   15±2   -‐0.37   0.16   0.38   CAM  

494   31/96   3   22   18   25   17±3   0.94   0.189   1.61   CAM  

565   23/111   3   57   24   7   24±4   -‐0.13   0.26   -‐0.07   CAM  

  



Table  3.  

Sample  Evidence   SLIP   Indicative  Meaning   ±  

Irregularly  distributed  needles  or  isopachous  fibres  of  aragonite  or  
isopachous  rims  (bladed  or  fibrous)  and  micritic  HMC  cement  and  
small-‐scaled  trough  cross  stratification  

Lower  Intertidal   MTL  to  MLW   a1/2  

Irregularly  distributed  needles  or  isopachous  fibres  of  aragonitic  
cement  or  isopachous  rims  (bladed  or  fibrous)  and  micritic  HMC  
cement  or  HMC  cement  in  stalactitic  position  and  meniscus  
between  grains  and  low  angle  seaward  dipping  tabular  cross  
bedding  with  presence  of  keystone  vugs  

Upper  intertidal   MHW  to  MTL   a2/2  

Irregularly  distributed  needles  or  isopachous  fibres  of  aragonitic  
cement  or  isopachous  rims  (bladed  or  fibrous)  and  micritic  HMC  
cement  without  bedding  architecture  information  

Intertidal,  
undifferentiated   MHW  to  MLW   a1+a2  

Small-‐scale  trough  cross  stratification  without  cement  fabric  and  
chemistry  information   Marine  limiting   Below  MTL   a1+d  

HMC  cement  in  stalactitic  position  and  meniscus  between  grains  
and  internal  sediments  
Low  angle  seaward  dipping  tabular  cross  bedding  without  keystone  
vugs  and  cement  fabric  and  chemistry  information  
Equant  or  subequant  spar  of  LMC  cement  

Terrestrial  
limiting   Above  MTL   a2+s  
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Table  4.    
  
Region   Site   Refer-‐

ence  
Dating  
(material;  
technique)  

Sediment  
bedding  and  
architecture  

Primary  
chemistry  
and  
mineralogy  

Primary  
fabric  

Other  obser-‐
vations  

Markers  used  
for  indicative  
meaning  

  
indicative  
meaning  and  
uncertainty  

New  
indicative  
meaning  

Uncertainty  

South  
Africa  

False  bay  
(34°  S)  

Siesser,  
1974  

Bulk  
carbonate;  
14C  

Not  provided   LMC;  Ar   Isopachous  
micritic  rim  

Extensive  
solution  pits  
and  vertical  
channels  in  
the  rock  

Modern  
analogue;  fossil  
assemblage;  
cement  

Upper  
intertidal  

(MHW-‐
MTL)/2  

Tidal  
amplitude  
(MTL  to  
MHW)  

Mozam-‐
bique  

Vilan-‐
culo  
(22°S)  

Siesser,  
1974  

Bulk  
carbonate;  
14C  

Not  provided   Ar   Isopachous  
fibrous  
needles  

Intertidal  
fossil  assem-‐
blage  

Modern  
analogue;  fossil  
assemblage;  
cement  

Intertidal   (MHW-‐
MLW)/2  

Tidal  range  

Brazil   Macau  
(1°S)  

Bezerra  et  
al.,  2003  

Articulated  
shell;  14C  

Trough-‐cross  
bedding    

Not  
provided  

Not  provided   Not  provided   Sediment  
bedding  

Lower  
foreshore  to  
upper  
shoreface,  
±1  m  

MTL   undefined  

Brazil   Macau  
(1°S)  

Bezerra  et  
al.,  2003  

Articulated  
shell;  14C  

Seaward  
dipping  
swash-‐cross  
beds  

Not  
provided  

Not  provided   Not  provided   Sediment  
architecture  

mid  to  lower  
foreshore,  ±1  
m  

MTL   undefined  

Greece   Mykonos  
(37°N)  

Desruelle
s  et  al.,  
2009  

Bulk  
carbonate;  
14C  

Not  provided   HMC   Isopachous  
small  bladed  
rim  

Not  provided   Cement   Intertidal,  
±0.5  m  

(MHW-‐
MLW)/2  

Tidal  range  
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Greece   Delos  
(37°N)  

Desruelle
s  et  al.,  
2009  

Bulk  
carbonate;  
14C  

Not  provided   HMC   Isopachous  
small  bladed  
rim  

Not  provided   Cement   Intertidal,  
±0.5  m  

(MHW-‐
MLW)/2  

Tidal  range  

Greece   Delos  
(37°N)  

Desruelle
s  et  al.,  
2009  

Bulk  
carbonate;  
14C  

Not  provided   HMC   Internal  
sediments  

Not  provided   Cement   Intertidal,  
±0.5  m  

(MHW-‐
MLW)/2  

Tidal  range  

Greece   Rhenia  
(37°N)  

Desruelle
s  et  al.,  
2009  

Bulk  
carbonate;  
14C  

Not  provided   HMC   Isopachous  
small  bladed  
rim  

Not  provided   Cement   Intertidal,  
±0.5  m  

(MHW-‐
MLW)/2  

Tidal  range  

Turkey   Kemer  
(36°N)  

Desruelle
s  et  al.,  
2009  

Cement;  
14C  

Not  provided   HMC   Internal  
sediments  

Not  provided   Cement   Intertidal,  
±0.5  m  

(MHW-‐
MLW)/2  

Tidal  range  

Turkey   Kemer  
(36°N)  

Desruelle
s  et  al.,  
2009  

Cement;  
14C  

Not  provided   Ar   Fibrous  
needles  

Not  provided   Cement   Intertidal,  
±0.5  m  

(MHW-‐
MLW)/2  

Tidal  range  

Turkey   Gozculer(
36°N)  

Desruelle
s  et  al.,  
2009  

Cement;  
14C  

Not  provided   HMC   Isopachous  
fibrous  rim  

Not  provided   Cement   Intertidal,  
±0.5  m  

(MHW-‐
MLW)/2  

Tidal  range  

Egypt   Alexandri
a  (31°  N)  

El-‐Sayed,  
1988  

no  dating   Not  provided   HMC   Isopachous  
micritic  rim  

Not  provided   Not  provided   Not  provided   (MHW-‐
MLW)/2  

Tidal  range  

Egypt   Safaga  
(34°  N)  

Holail  and  
Rashed  
(1992)  

no  dating   Not  provided   HMC,  Ar   Isopachous  
micritic  and  
fibrous  rim  

Not  provided   Not  provided   Not  provided   (MHW-‐
MLW)/2  

Tidal  range  

Egypt   El  Daba  
(31°  N)  

Holail  and  
Rashed  
(1992)  

no  dating   Not  provided   HMC,  Ar   Isopachous  
micritic  and  
fibrous  rim  

Not  provided   Not  provided   Not  provided   (MHW-‐
MLW)/2  

Tidal  range  



Togo   Lomè  (6°  
N)  

Amieux  et  
al.,  1989  

Mollusc  
shell;  14C  

Cross  
bedding  

HMC,  Ar,  
LMC  

Isopachous  
micritic  and  
fibrous  rim  

Not  provided   Not  provided   Not  provided   MLW  to  
supratidal  

Tidal  range  

Belize   Cay  
(16°N)  

Gischler  
and  
Lomando,  
1997  

Bulk  
carbonate;  
14C  

Not  provided   Ar;  HMC   Isopachous  
micritic  and  
fibrous  rim  

Not  provided   Cement   Marine-‐
phreatic  
zone  

(MTL+ML
W)/2  

Tidal  
amplitude  
(MHW  to  
MTL)  

Vietnam   Cà  Nà  
(10°N)  

Michelli  
et  al.,  
2008;  
Stattegge
r  et  al.,  
2013  

Coral  and  
Bivalve;  14C  

Cross  
bedding    

HMC,    Ar   Isopachous  
micritic  and  
fibrous  rim  

Not  provided   Sediment  
architecture;  
cement  

Intertidal,  
±1.15  m  

(MHW-‐
MLW)/2  

Tidal  range  

Italy   Sardinia  
(40°N)  

Lambeck  
et  al.,  
2004    

Bulk  
carbonate;  
14C  

Cross  
bedding    

HMC   Isopachous  
fibrous  rim  

Not  provided   Cement   Palaeo-‐
shoreline,  +1  
m,  -‐5  m  

MTL   undefined  

Turkey   Thracia  
Black  Sea  
(41°N)  

Erginal  et  
al.,  2013  

Bulk  
carbonate;  
14C  

Not  provided   LMC   Micritic   Not  provided   Cement   Upper  
intertidal    

(MHW-‐
MTL)/2  

Tidal  
amplitude  
(MTL  to  
MHW)  

Brazil   Cabelo  
(12°S)  

Caldas  et  
al.,  2006  

Bivalve;  14C   Swash-‐cross-‐
bedding    

Not  
provided  

Not  provided   Not  provided   Modern  
analogue;  
sediment  
architecture  

Foreshore,  
±1.4  

MTL   undefined  

Saudi  
Arabia  

Al-‐
Shoaiba  
(20°N)  

Ghandour  
et  al.,  
2014  

no  dating   Low-‐angle  
cross-‐
bedding  

Ar,  HMC   Isopachous  
micritic  and  
fibrous  rim  

Not  provided   Cement   Marine-‐
phreatic    

(MTL+ML
W)/2  

Tidal  
amplitude  
(MTL  to  
MLW)  



Spain   Galicia  
(9°N)  

Rey  et  al.,  
2004  

no  dating   Not  provided   LMC   Isopachous  
fibrous  rim  

Meniscus   Not  provided   supratidal   MTL   undefined  

Spain   La  Palma  
(28°N)  

Calvet  et  
al.,  2003  

Cement;  
14C  

Not  provided   Ar,  HMC   Isopachous  
fibrous  
needle,  
isopachous  
spar  rim,  
isopachous  
micritic  rim  

Meniscus   Cement   Intertidal  to  
upper  
shoreface  

MTL   Tidal  range  

USA   Florida  
(27°N)  

Spurgeon  
et  al.,  
2003  

Bulk  
carbonate  
and  
cement;  14C  

Swash  cross  
bedding  and  
landward-‐
dipping  beds  

LMC   Blocky  spar  
rim;  
isopachous  
bladed  spar  
rim  

Not  provided   Sediment  
architecture  and  
cement  

Supratidal   MTL   undefined  

India   Maharast
ra  (18°)  

Badve  et  
al.,  1997  

Gastropod;  
14C  

Not  provided   Ar   Isopachous  
fibrous  rim  

Fossil  assem-‐
blage  

cement     Lower  
intertidal    

(MTL+ML
W)/2  

Tidal  
amplitude  
(MLW  to  
MTL)  

Turkey   Parion    
(40°N)  

Erginal,  
2012  

Bulk  
carbonate;  
14C  

Not  provided   HMC   Micritic   Meniscus,  
dissolution  
pits  of  
meteoric  
water  

Cement   Intertidal  to  
supratidal  

MTL   undefined  

Israel   Tel  
Haratz  
(31°)  

Bakler  et  
al.,  1985  

Shell;  14C   Low  angle  
cross  
bedding  

Ar,  LMC   Isopachous  
fibrous  
needle  rim,  
blocky  

Not  provided   Sediment  
architecture  and  
cement  

Intertidal  to  
supratidal  

(MHW-‐
MTL)/2  

Tidal  
amplitude  
(MHW  to  
MTL  



South  
Africa  

Sodwana  
bay  
(27°S)  

Ramsey;  
1995;  
Ramsey  
and  
Cooper,  
2002  

U-‐series  
(234U/230Th)  

Basal  unit  of  
a  beachrock-‐  
aeolianite  
complex  

Not  
provided  

Isopachous  
fibrous  rim,  
blocky  
equant  

Not  provided   Sediment  
architecture  

Palaeo-‐sea  
level,  ±1.5  

MTL   undefined  

Greece   Kalamaki,
Crete  
(35°N)  

Neumeier
,  1998  

Bulk  
carbonate  
and  
bioclasts;  
14C  

Not  provided   HMC   Micritic,  
Isopachous  
bladed  spar  
rim  

   Cement   Intertidal     (MHW-‐
MLW)/2  

Tidal  range  

French  
Polynesi
a  

Taraire  
(17°S)  

Neumeier
,  1998  

Bulk  
carbonate;  
14C  

Not  provided   Ar   Isopachous  
fibrous  
needle  rim    

   Cement     Intertidal     (MHW-‐
MLW)/2  

Tidal  range  

Egypt   Ras  Garib  
(28°  N)  

Neumeier
,  1998  

Cement;  
14C  

Not  provided   Ar   Isopachous  
fibrous  
needle  rim,    

Not  provided   Cement   Intertidal     (MHW-‐
MLW)/2  

Tidal  range  

Egypt   El  Baida  
(25°  N)  

Neumeier
,  1998  

Cement;  
14C  

Not  provided   Ar   Isopachous  
fibrous  
needle  rim,    

Not  provided   Cement   Intertidal     (MHW-‐
MLW)/2  

Tidal  range  

Saudi  
Arabia  

Aqaba  
gulf  
(28°N)  

Al-‐
Ramadan,  
2013  

Bulk  
carbonate;  
14C  

low  angle  
seaward  
dipping  cross  
beds  

Ar;  HMC   Isopachous  
fibrous  
needle,  
micritic  

Not  provided   Cement   Intertidal     (MHW-‐
MLW)/2  

Tidal  range  

Saudi  
Arabia  

Arabic  
gulf  (25°  
N)  

Al-‐
Ramadan,  
2013  

Bulk  
carbonate;  
14C  

low  angle  
seaward  
dipping  cross  

Ar;  HMC   Isopachous  
fibrous  
needle,  

Not  provided   Cement   Intertidal  
zone  

(MHW-‐
MLW)/2  

Tidal  range  



beds   micritic  

Australi
a  

Shark  bay  
(25°S)  

Neumeier
,  1998  

Bulk  
carbonate;  
14C  

Not  provided   Ar   Isopachous  
micritic,  
isopachous  
fibrous  
needle  

Not  provided   Cement   Intertidal     (MHW-‐
MLW)/2  

Tidal  range  

Greece   Lesvos  
(39°N)  

Vacchi  et  
al.,  2012  

Bioclasts;  
14C  

Not  provided   HMC   Isopachous  
Micritic,  
isopachous  
fibrous  

Not  provided   Cement   Palaeo-‐sea  
level,  ±0.5  

(MHW-‐
MLW)/2  

Tidal  range  

Tunisia   Bahiret  el  
Biban  
(33°N)  

Strasser  
et  al.,  
1989  

Bulk  
carbonate;  
14C  

Seaward  
dipping  beds  

Ar;  HMC   Isopachous  
fibrous  
needle;  
isopachous  
spar  

Keystone  
vugs,    

Sediment  
architecture  and  
cement  

Palaeo  
shoreline  

(MHW-‐
MLW)/2  

Tidal  range  

Spain   Bilbao  
(43°N)  

Arrieta  et  
al.,  2011  

Modern  
fragments  
cemented  
in  
beachrock  

Parallel  
laminated  
seaward  
dipping  beds  

Ar;  HMC   Isopachous  
fibrous  
needle;  
micritic  

Conglomerat
ic  beds  with  
imbricated  
clasts    

Sediment  
architecture  and  
cement  

Shoreface  to  
foreshore  

(MTL+ML
W)/2  

Tidal  
amplitude  
(MLW  to  
MTL)  

China   Haishan  
Island  
(23°N)  

Fuzhi  and  
Youshen,  
1988;  
Shen  et  
al.,  2013  

Shell;  14C   Low  angle  
seaward  
dipping  cross  
beds  

Ar,  LMC   Micritic,  
isopachous  
fibrous  
needle,  spar  

Fossil  
assemblage  

Sediment  
architecture,  
fossils  and  
cement  

Semi-‐
enclosed  
lagoon;  
Intertidal  to  
supratidal  

(MTL-‐
MLW)/2  

Tidal  
amplitude  
(MHW  to  
MTL)  

Bahama
s  

Bimini  
(25°N)  

Strasser  
and  
Davaud,  
1986  

No  dating   Seaward  
dipping  
tabular  cross  
beds  with  
keystone  
vugs  

Ar   Isopachous  
fibrous  
needle  

Keystone  
vugs  

Sediment  
architecture  and  
cement  

Upper  
intertidal    

(MTL-‐
MLW)/2  

Tidal  
amplitude  
(MHW  to  
MTL)  



Bahama
s  

Joulter  
Cays  
(25°N)  

Strasser  
and  
Davaud,  
1986  

No  dating   Seaward  
dipping  
tabular  cross  
beds  

Ar   Isopachous  
fibrous  
needle  

Keystone  
vugs  

Sediment  
architecture  and  
cement  

Upper  
intertidal    

(MTL-‐
MLW)/2  

Tidal  
amplitude  
(MHW  to  
MTL)  

USA   Maui  
(21°N)  

Meyers,  
1987  

No  dating   Not  provided   HMC   Isopachous  
rim  

Meniscus   Cement   Marine  
vadose  zone  
of  the  beach  

(MTL-‐
MLW)/2  

Tidal  
amplitude  
(MHW  to  
MTL)  

Gran  
Cayman  

Car  
(19°N)  

Moore,  
1973  

No  dating   Not  provided   Ar,  HMC   Isopachous  
fibrous,  
micritic  or  
bladed  rim  

Not  provided   Cement   Intertidal   (MHW-‐
MLW)/2  

Tidal  range  

Bahama
s  

San  
Salvador  
(24°N)  

Kindler  
and  Bain,  
1993  

Bulk  
carbonate;  
14C  

Low  angle  
seaward  
dipping  
planar  
lamination  

Ar;  LMC   Isopachous  
fibrous  
needle  rim,  
micritic  

Meniscus,  
keystone  
vugs  

Stratification  
and  cement  

Intertidal  to  
supratidal  

MTL   undefined  

	  


