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Oganic	  Records	  	  
in	  the	  Biosphere	  

Organic	  maDer,	  
tree	  rings,	  peat,	  
mangroves,	  and	  

seagrasses	  
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Organic	  records	  
Purpose	  and	  fundamentals	  
-‐  We	  want/need	  to	  know	  about	  the	  

past	   because	   we	   are	   interested/
afraid	  of	  the	  future.	  ForecasIng.	  

-‐  ReconstrucBng	   past	   events,	   cycles	  
and	   trends,	   provides	   invaluable	  
informaBon	   to	   forecast	   change	   in	  
our	   ecosystems.	   Long-‐term	  
dataseries.	  

-‐  The	   Earth	   keeps	   organic	   and	  
inorganic	   records	   of	   the	   past:	   ice,	  
shells,	   sediments,	   stems	   (rings,	  
r h i z ome s ) ,	   r o c k s	   ( v a r v e s ,	  
espelothems),	  etc.	  

-‐  The	  uniformitarian	  principle.	  
-‐  Biological,	   chemical,	   and	   physical	  

processes	   preserve	   or	   destroy	   the	  
remains	   in	   the	   records	   and	   affect	  
informaBon	  in	  the	  fossil	  record.	  	  

-‐  The	   language	   in	   the	  elements	  and	  
proxies	   preserved	   need	   to	   be	  
learnt	  and	  the	  age	  determined.	   The	  main	  pathways	  for	  organic	  remains	  from	  death	  

to	  paleobiological	  inference.	  	  

“The	  present	  is	  the	  key	  to	  the	  past”	  
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Organic	  records	  
Main	  records	  
u  Organic	  maPer	  
u  Tree	  rings	  
u  Peat	  
u  Seagrasses	  (Rhizomes	  &	  Mat)	  
u  Mangroves	  
-‐  Four	  last	  ones	  are	  a	  special	  case	  of	  

the	  first	  one.	  
-‐  All	  animal	  and	  plant	  detritus	  ends	  

up	  in	  the	  soils	  or	  sediments.	  
-‐  Visual	  and	  analyBcal	  techinques	  

are	  used	  to	  retrieve	  the	  
informaBon	  contained	  in	  the	  
records,	  e.g.,:	  

-‐  Naked	  eye,	  binoculars,	  microscopy	  
(organic	  petrography)	  

-‐  Organic	  maPer	  fracitonaBon	  
(pyrolysis)	  

-‐  Molecular	  or	  atomic	  analysis	  
(extracIons,	  spectrometry)	  
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Record	   Spp.	   Distrib.	   DaIng	   Time	  range	  /	  
resoluIon	  

Proxies	   Info	  

Organic	  
maPer	  

Plant	  and	  animal	  
debris	  

Almost	  
omnipresent:	  
Soils,	  lakes,	  
oceans	  

Radiocarbon,	  
Sediment	  
radiometrics,	  Event	  
markers	  

Recent-‐Holocenic-‐
Millions	  of	  years	  (oil)/
annual	  to	  Kyr	  

Organic	  petrog.	  
Inorganic	  petrog.	  
Bulk	  maPer	  
Chemical	  comp.	  
Stable	  isotopes	  
Pollen	  grains	  

Climate,	  hydrology,	  
ecology,	  human	  
impacts,	  geological	  
events	  and	  marine	  
and	  atmospheric	  
processes	  

Peat	   Mosses,	  lichens,	  
wet	  land	  
vegetaBon	  

North	  Europa	  
and	  North	  
America,	  New	  
Zealand,	  
Patagonia,	  
Indonesia	  

Radiocarbon,	  
Sediment	  
radiometrics,	  Event	  
markers	  
	  

0	  –	  15	  000	  yr	  
Centennial	  /	  Decadal	  

Organic	  petrog.	  
Inorganic	  petrog.	  
Bulk	  maPer	  
Chemical	  comp.	  
Stable	  isotopes	  
Pollen	  grains	  

Climate,	  ecology,	  
human	  impacts,	  
geological	  events	  

Seagrasses	   P.	  oceanica	  
P.	  australis	  
E.	  Acoroides	  
Others	  
	  

Coastal	  ocean	  
except	  polar	  an	  
circa-‐polar	  
areas	  

Radiocarbon,	  
sediment	  
radiometrics,	  event	  
markers,	  
plastochrone,	  
lepidochronology	  

Rhizomes:	  	  
0	  –	  40	  yr	  /annual	  
Mat:	  
	  8000	  yr	  /decadal	  

Organic	  petrog.	  
Inorganic	  petrog.	  
Bulk	  maPer	  
Chemical	  comp.	  
Stable	  isotopes	  
Pollen	  grains	  

Climate,	  ecology,	  
human	  impacts,	  
geological	  events,	  
oceanography,	  
producBvity,	  
irradiance,	  nutrient	  
status	  
	  

Mangroves	   Rhizophoraceae	   Tropical	  areas	  
of	  all	  5	  
conBnents	  

Radiocarbon,	  
Sediment	  
radiometrics,	  Event	  
markers	  
	  

Some	  Ky	  (unknown)/	  
decadal	  

Organic	  petrog.	  
Inorganic	  petrog.	  
Bulk	  maPer	  
Chemical	  comp.	  
Stable	  isotopes	  
Pollen	  grains	  

Climate,	  ecology,	  
human	  impacts,	  
geological	  events,	  
oceanography	  
	  

Tree	  rings	   Baldcypress,	  
hemlock	  (tsugas).	  
Oaks,	  poplars,	  
cedars,	  conifers,	  
larches,	  oaks	  

Everywhere	  ex-‐
polar	  and	  
desserBc	  areas	  

Dendrochronology	  
Radiochronology	  
Event	  markers	  

0	  –	  11	  000	  yr	  /	  
Annual	  to	  seasonal	  

Width,	  missing/
mulBple	  rings,	  stable	  
isotopes,	  elemental	  
composiBon,	  
radiacBvity,	  galleries,	  
‘fire’	  rings,	  etc.	  

Climate	  change,	  
seasonality,	  water	  
sources,	  nutrient	  
status,	  temperature,	  
cloudiness,	  humidity,	  
wind	  paPerns,	  
irradiance	  
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Organic	  records:	  a	  summary	  
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Organic	  records	  
Developement	  of	  a	  ´long-‐term’	  
organic	  record	  (ex-‐rings	  and	  nodes)	  
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Mangroves,	  peat,	  seagrasses,	  (salt	  marshes)	  	  



The	  ‘short-‐term’	  organic	  record	  of	  
seagrasses:	  
Lepidochronology	  and	  plastochron	  

•  Two	  types	  of	  records:	  
•  Scars	  in	  the	  stems	  of	  

some	  species	  allows	  
‘retrodataIon’.	  Very	  
similar	  to	  dendro-‐	  
chronology.	  Decades	  
with	  annual/seasonal	  
resoluIon.	  

•  As	  for	  soil/sediments	  
OM,	  peat	  and	  
mangroves,	  seagrasses	  
also	  bury	  and	  
accumulate	  organic	  
debris.	  Millennia	  with	  
decadal/centennial	  
resoluIon.	  

Miguel	  Ángel	  Mateo	  Mínguez	  -‐	  Centro	  de	  Estudios	  Avanzados	  de	  Blanes	  -‐	  CSIC	  



Oganic	  records	  
Proxies*	  
	  Proxies	  are	  ‘imprints’	  lef	  in	  the	  
past	  by	  organism	  acBvity	  and	  
climate	  change	  in	  many	  different	  
forms:	  
	  
•  ‘Diferent	  amounts’,	  presence/

absence	  (enBre	  organisms,	  
parts,	  specific	  molecules	  –	  
biomarkers).	  

•  Colours,	  forms,	  shapes	  and	  
sizes	  (degradaBon/
preservaBons,	  system	  energy).	  

•  Chemical	  composiIon,	  raIos	  

(elements,	  isotopes,	  
state	  of	  preservaBon).	  

	  
MulIproxy	  approach	  

DisambiguaIon	  
	  

It	  is	  a	  very	  vast	  field	  open	  to	  
creaBvity!	  
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Type	   Technique	   Time	  range	  (max.)	  

StraBgraphic	   SuperposiBon	  principle	  
Varves	  

yr	  to	  Myr	  
yr	  to	  Kyr	  

Biological	   Fossils	  
Human	  documents/art	  
Biological	  ‘rithms’	  (incremental	  daBng):	  
-‐  Varves	  (biol/lithol)	  
-‐  Dendrochronology	  
-‐  Lepidochronology	  
-‐  Plastochrone	  
-‐  Lichenometry	  
-‐  Shell	  bands,	  Coral	  bands,	  

‘speleothelms’,	  etc.	  
Molecular	  clocks	  (geneBc,	  evoluBonary)	  

yr	  to	  Byr	  
0	  to	  25	  000	  yr	  (palaeolithic)	  
	  
Yr	  to	  Kyr	  (12	  000	  yr)	  
yr	  to	  Kyr	  (11	  000	  yr)	  
yr	  to	  decades	  (40	  yr)	  
yr	  to	  decades	  (20	  yr)	  
Decades	  to	  10	  000	  yr	  
	  
Yr	  to	  Myr	  (?	  Kyr)	  
EvoluBonary	  scale	  (Myr)	  

Structural	   (Tectonic	  or	  magmaBc	  relaBonships)	  
(CraterizaBon	  density)	  

Geological	  scales	  
Planetary	  scales	  

Physical	  and	  
geophysical	  

(Exposure	  to	  cosmic	  rays)	  
(Fision	  imprints)	  
PaleomagneBsm	  (correl.,relaBve	  daBng)	  
Stable	  isotopes	  (correl.,	  relaBve	  daBng)	  
Radiometric	  (14C,	  Rb/Sr,	  Pb/Cs,	  K/Ar,	  
etc.)	  

Planetary	  scales	  
Typically	  250	  000	  yr	  
-‐	  
-‐	  
14C,	  100-‐10	  000	  yr	  /	  Pb/Cs,	  0	  –	  100	  yr	  
	  

Event	  
markers	  

Tephras,	  pollen,	  radiacBvity,	  poPery…	   0	  to	  Byr	  (?)	  
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Organic	  records	  
DaIng	  overview	  
•  DaBng	  can	  be	  done	  on	  the	  

same	  organic	  maPer	  or	  in	  
any	  ‘datable’	  material	  
around	  (carbonate,	  
minerals,	  bulk).	  	  

•  CounBng	  rings,	  nodes,	  
bands,	  or	  varves	  
(incremental).	  

•  Use	  radioisotopes	  
(radiometric	  and	  
spectrometric	  methods)	  

•  Usage	  geological/
geophysical	  properBes	  
(strat.,	  magneBsm…)	  

•  Use	  of	  event	  markers	  
(volcanism,	  atomic	  events,	  
layers,	  mining,	  culBvaBon	  –
pollen,	  poPery,	  art,	  
documents)	  
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Organic	  records	  
Sampling	  overview	  
Soils	  and	  Sediments	  
•  Soils	  are	  typically	  sampled	  

using	  corers.	  
•  Both	  for	  soil	  tesBng	  and	  for	  

preserving	  some	  proxies,	  
cores	  should	  be	  as	  
undisturbed	  as	  possible.	  	  

•  Corers	  can	  be	  manual	  
(typically	  up	  to	  1	  m	  depth)	  
or	  mechanical	  (several	  
meters,	  tens	  and	  hundreds	  
of	  meters).	  

•  Disturbance/
contaminaIon,	  core	  
‘shortening’,	  and	  oblicuity,	  
are	  common	  problems	  and	  
challenges.	  
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Organic	  records	  
Sampling	  overview	  
Soils	  and	  Sediments	  
Lakes,	  reservoirs,	  and	  marine	  
sediments	  (soils),	  consBtute	  a	  
special	  challenge:	  
•  The	  aquaIc	  envrionment	  

requires	  special	  
equipement	  (floaBng	  
plaoorms,	  plaoorm	  
stabilizaBon	  on	  coring	  
spots,	  sea	  state,	  waterBght	  
systems	  in	  pressurized	  
environments,	  stainless	  
steel	  construcBon,	  
deployment	  systems).	  

•  Water	  column	  limits	  depth	  
of	  coring	  and	  constrains	  
coring	  techniques.	  

•  Money!!	  
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Light	  floaBng	  
plaoorm	  

Gravity	  
coring	  

Gravity	  
coring	  
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Organic	  records	  
Sampling	  overview	  
Soils	  and	  Sediments	  

Piston	  coring	  

Piston	  coring	  	  
•  Based	  on	  sucBon	  and	  

gravity	  
•  Good	  for	  deep	  coring	  
•  Simple	  design	  
•  Good	  for	  ‘sof’	  

sediments	  
•  Allows	  penetraBng	  

tens	  of	  meters	  to	  
hundreds!	  

•  In	  Mediterranean,	  
piston	  cores	  of	  9m	  
cover	  ca.	  180	  000	  
years	  of	  history.	  
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“Deep	  +	  Deep”	  coring	  
Is	  the	  challenge	  

Box	  core	  or	  ‘clam	  shell’	  
	  
	  
	  
	  
•  Good	  for	  shallow	  sampling	  of	  

unconsolidated	  sediments.	  	  
•  Keeps	  well	  verBcal	  structure.	  	  
•  Can	  cover	  the	  Holocene	  

Miguel	  Ángel	  Mateo	  Mínguez	  -‐	  Centro	  de	  Estudios	  Avanzados	  de	  Blanes	  -‐	  CSIC	  



Vibracoring	  

“High	  frequency	  hammering”	  	  
•  3000-‐11000	  vibraBons/min	  
•  Low	  fricBon	  
•  Good	  for	  unconsolidated	  sediments	  
•  Waterlogged,	  heterogenous	  sediments	  and	  

soils.	  	  
•  Bad	  for	  clay,	  packed	  sand	  or	  cemented	  sed.	  
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hPp://www.icm.csic.es/gma/es/content/litoteca-‐del-‐icm	  
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Organic	  records	  
LimitaIons/challenges	  
u  Main	  limitaBons/challenges:	  
1.   Changes	  in	  the	  proxies	  during	  

aging.	  	  	  
DecomposiBon,	  diagenesis.	  
	  
2.   InterpretaIon	  ambiguiIes	  	  
Influences	  in	  proxies	  by	  various	  factors	  
(same	  or	  opposite	  direcBons).	  
	  
3.	  	  Linearity	  of	  the	  proxies	  
	  
u  Others:	  
-‐  Record	  datability	  
-‐  Dataing	  accuracy	  and	  resoluBon	  
-‐  Chronological	  alteraBons	  of	  the	  

sequence	  
-‐  Sampling/AnalyBcal	  methods	  
-‐  Unknown	  factors/actors	  

Scenarios	  vs	  certainIes	  
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Organic	  maDer	  
DescripIon	  of	  the	  record	  
•  It	  originates	  from	  the	  

complex	  mixture	  of	  lipids,	  
carbohydrates,	  proteins,	  
and	  other	  biochemicals	  
produced	  by	  organisms	  that	  
have	  lived	  in	  the	  soil,	  the	  
land,	  the	  lakes,	  the	  oceans	  
and	  their	  watersheds.	  

•  During	  deposiBon,	  organic	  
maPer	  is	  subject	  to	  
microbial	  reworking,	  with	  
the	  result	  that	  much	  of	  its	  
original	  molecular	  
composiBon	  becomes	  
altered.	  	  

•  Humic	  substances	  end	  up	  
consituBBng	  from	  60	  to	  90%	  
of	  the	  OM	  in	  the	  sediments.	  

HumificaIon:	  chemical	  and	  biological	  transformaBon	  of	  the	  
organic	  maPer.	  Plant	  lignin	  and	  its	  transformaBon	  products,	  
polysaccharides,	  melanin,	  cuIn,	  proteins,	  lipids,	  nucleic	  
acids,	  fine	  char	  parIcles,	  etc.,	  are	  important	  components	  
taking	  part	  in	  this	  process.	  
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Organic	  maDer	  
DistribuIon	  and	  
descripIon	  of	  the	  record	  
-‐Where?	  From	  the	  Histosols	  (>40%	  OM)	  
to	  the	  Aridisols	  (<1%	  OM),	  excluding	  the	  
polar	  areas,	  but	  including	  most	  sea	  and	  
lake	  sediments,	  organic	  maPer	  (OM)	  is	  
everywhere.	  
	  
-‐ComposiIon:	  	  
Nitrogenous	  
Water	  Soluble	  eg.	  Nitrates,	  ammonical	  
compounds,	  amides,	  amino	  acids	  etc.	  
Insoluble	  eg.	  Proteins	  nucleoproteins,	  
pepBdes,	  alkaloids	  purines,	  pyridines	  
chiBn	  etc.	  
Non	  Nitrogenous:	  
Carbohydrates	  eg.	  Sugars,	  starch,	  
hemicellulose,	  gums,	  mucilage,	  pecBns,	  
etc.	  
Micellaneous:	  eg.	  Lignin,	  tannins,	  organic	  
acid,	  etc.	  
Ether	  Solube:	  eg.	  Fats,	  oils,	  wax	  etc. 	  	  
	  
-‐Bulk	  vs	  specific	  compounds:	  
Bulk	  broad	  first	  picture;	  Specific:	  
‘dissecBon’	  	  

Cellulose	  

Land	  
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Organic	  maDer	  
DistribuIon	  and	  
descripIon	  of	  the	  record	  
	  
	  
Types	  of	  marine	  sediments:	  
•  By	  parIcle	  size	  (texture)	  
•  By	  origin	  (formaIon):	  
–	  Terrigenous	  (Lithogenous)	  
–	  Biogenous	  (Biogenic)	  
–	  Hydrogenous	  (Authigenic)	  
–	  Cosmogenous	  (Cosmogenic)	  

Oceans	  

The	  organic	  content	  of	  the	  sediments	  is	  closely	  related	  to	  the	  submarine	  topography.	  
It	  is	  relaBvely	  small	  on	  ridges,	  which	  are	  exposed	  to	  currents,	  and	  it	  is	  considerable	  in	  
basins,	  which	  are	  protected.	   It	   is	  also	  related	  to	  the	  texture	  of	  the	  sediments.	  Sands	  
contain	  relaBvely	  liPle	  and	  clays	  contain	  considerable	  organic	  maPer.	  
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DaBng:	  Radiometric	  methods	  

210Pb	  (half-‐live	  22	  yr) 	  	  
7Be	  	  	  	  (half-‐live	  53d)	   	  

	  	  	  

Short-‐lived	  isotopic	  
chronometers	  

	  

Organic	  maDer	  
DaIng	  the	  record	  
What	  should	  we	  date?	  

•  Lake	  sediments	  bulk	  
organic	  maPer	  may	  be	  
1000	  to	  2000	  years	  
older	  than	  the	  actual	  
sediment	  age,	  due	  to	  
retenBon	  and	  recycling	  
of	  DIC.	  

•  CorrecBons	  are	  
complicated,	  so	  is	  
bePer	  to	  use	  twigs,	  
leaves	  or	  similar	  intact	  
OM	  parBcles.	  

•  Oceans	  reservoir	  effect.	  
•  	  	  
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Organic	  MaDer	  
Proxies	  d13C	  and	  C/N	  

•  RepresentaBve	   elemental	   and	  
carbon	   isotopic	   composiBons	   of	  
organic	   maPer	   from	   lacustrine	  
algae,	   C3	   land	   plants,	   and	   C4	  
land	  plants	  that	  use	  CO2	  as	  their	  
source	   o f	   carbon	   dur ing	  
photosynthesis.	  DeviaBons	   from	  
these	  generalized	  paPerns	  occur	  
and	   provide	   paleolimnologic	  
informaBon.	  

•  RepresentaBve	   atomic	   C/N	  
raBos	   and	   organic	   d13C	   values	  
(‰	   PDB)	   of	   different	   types	   of	  
primary	   organic	   maPer	   sources	  
to	  sediments	  of	  lakes,	  and	  some	  
examples	   of	   the	   C/N	   and	   d13C	  
signatures	   of	   bulk	   organic	  
m a P e r	   i n	   m o d e r n	   l a k e	  
sediments.	  

M
iguel	  Ángel	  M

ateo	  M
ínguez	  -‐	  Centro	  de	  Estudios	  Avanzados	  de	  Blanes	  -‐	  CSIC	  



Organic	  MaDer	  
ApplicaIon	  examples	  
	  

ConcentraIons	   and	   mass	  
accumulaIon	   rates	   (MAR)	   of	  
organic	  carbon	  and	  Corg/Ntotal	  
atomic	   raBos	   in	   sediment	   from	  
Lake	  George	  (water	  depth	  13	  m)	  
on	  the	  Michigan–Ontario	  border	  
(Fig.	   2).	   Changes	   in	   these	  
parameters	   reflect	   increased	  
delivery	   of	   land-‐plant	   organic	  
maPer	   and	   increased	   algal	  
producBvity	   since	   1925.	   Data	  
from	  Tenzer	  et	  al.	  (1999).	  

Post	  IR	  changes	  

MAR	  compensates	  for	  bulk	  sedimentaIon	  
and	  sediment	  compacIon	  
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Organic	  MaDer	  
ApplicaIon	  examples	  
	  •  Evidence	   of	   organic	   maPer	  

source	   change	   from	   tundra	  
vegetaIon	   to	   algal	   producIon	  
at	   the	   glacial-‐postglacial	  
boundary	   in	   sediment	   record	  
from	  Lake	  Baikal,	  Siberia.	  	  

•  Decreases	   in	   C/N	   raBos	   and	   in	  
organic	   d13C	   values	   at	   the	  
mud/diatom	   ooze	   transiBon	  
record	   the	   transiBon	   from	  
tundra	   to	   forests	   around	   Lake	  
Baikal	  and	   an	   increase	   in	   algal	  
producIvity	  starBng	  ca.	  13	  ka.	  	  

Post-‐glacial	  paleoclimate	  record	  
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Organic	  MaDer	  
ApplicaIon	  examples	  
ProducIvity	  
	  Organic	   carbon	   concentraBons,	  
atomic	   C/N	   raBos,	   and	   organic	  
d13C	   and	   d15N	   signatures	   of	  
sediments	  from	  Lake	  Bosumtwi,	  
Ghana.	  	  
Decreased	   C/N	   raBos	   and	   d13C	  
and	  d15N	  values	  in	  the	  sapropel	  
layer	   record	   a	   period	   of	  
enhanced	  lake	  producIvity	  (not	  
shown)	   and	   postulated	   wePer	  
climate	   between	   9	   and	   3	   ka.	  
Glacial-‐age	   savannah-‐forest	  
fluctuaIons	   are	   evident	   in	  
organic	  d13C	  values	  between	  26	  
and	   9	   ka.	   From	   Talbot	   &	  
Johannessen	  (1992).	  
	  

Late	  Quaternary	  paleoclimate	  record	  

Sapropel	  layer	  
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Organic	  MaDer	  
ApplicaIon	  examples	  
PrecipitaIon,	  δDhumin	  
Record	   of	   postglacial	   climate	  
change	   in	   hydrogen	   isotope	  
contents	   of	   organic	   maDer	   in	  
sediments	   of	   AusIn	   Lake,	  
Michigan.	   Bulk	   C/N	   raBos	  
indicate	   that	   most	   of	   the	  
organic	   maDer	   is	   from	   algal	  
p r odu cIon	   ( 9 – 2 k a )	   a n d	  
therefore	   humin	   dD	   values	  
reflect	   lake	   water	   isotopic	  
composiIon.	   VariaBons	   in	   dD	  
values	   record	   changes	   in	  
sources	   of	  meteoric	  water	   and	  
in	   precipitaIon/evaporaIon	  
raIos	  as	  local	  climate	  changed.	  
The	   progressive	   upcore	   change	  
to	   less	   negaBve	   d13C	   values	  
may	   result	   from	   isotopic	   aging	  
o f 	   t h e 	   l a k e . 	   F r o m	  
Krishnamurthy	  et	  al.	  (1995).	  

Holocene	  precipitaIon	  record	  
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Organic	  MaDer	  
ApplicaIon	  examples	  
Concepts	  of	  Flux	  and	  MAR	  

Holocene	  paleoclimate	  record	  
VegetaIon	  alternance	  

History	   of	   Holocene	   climate	  
changes	   recorded	   in	   calcium	  
carbonate	   concentraIons,	  
diatom	  fluxes,	   organic	   carbon	  
concentraIons	   and	   mass	  
accumulaIon	   rates,	   d13C	  
values,	   and	   Rock	   Eval	   HI	   and	  
OI	   values	   of	   bulk	   organic	  
maDer	   in	   sediments	   from	   Elk	  
Lake,	  Minnesota.	  	  
The	   climate	   of	   the	   prairie	  
period	   was	   drier	   and	   windier	  
than	   earlier	   or	   later	   periods,	  
and	   both	   producBon	   and	  
preservaBon	  of	  organic	  maPer	  
w e r e	   e n h a n c e d .	   F r om	  
Bradbury	   &	   Dieterich-‐Rurup	  
(1993)	   and	   Dean	   &	   Stuiver	  
(1993).	  
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Seagrasses	  and	  	  
Posidonia	  oceanica	  distribuIon	  

•  All	  world	  coasts,	  excluding	  polar	  regions.	  They	  occupy	  ca.	  0.33	  Million	  km2.	  
•  From	  calm	  (Cymodocea	  spp),	  to	  highly	  exposed	  areas	  (Phyllospadix)	  
•  Many	  unexplored	  areas	  of	  the	  world!!	  (west	  coasts	  of	  South	  America;	  Africa)	  

•  Posidonia	  oceanica	  Mediterranean	  endemism	  
•  From	  0m	  to	  40m	  in	  well	  illuminated	  oligotrophic	  water	  
•  Occupies	  around	  35	  000	  km2	  
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Seagrasses	  
DescripIon	  of	  the	  record	  
Rhizomes,	  scars,	  sheaths.	  
•  Most	  seagrasses	  show	  scars	  

along	  the	  stems	  len	  aner	  
leaf	  detachment.	  Some	  even	  
keep	  the	  sheath	  (leaf	  
protecBng	  Bssue).	  

•  Scars	  and	  sheaths	  are	  
arranged	  chronologically	  
allowing	  retrodataBon.	  	  

•  For	  scars,	  the	  technique	  is	  
known	  as	  plastochrone	  
interval,	  for	  sheats,	  
lepidochronology.	  

•  30-‐50	  year	  cycles	  have	  been	  
reconstructed.	  10	  is	  the	  
usual	  range.	  ResoluBon	  is	  
annual.	   Posidonia	  oceanica	  roots,	  rhizomes,	  

sheaths,	  and	  leaves	  
Cymodocea	  nodosa	  roots,	  rhizomes,	  	  

sheaths,	  and	  leaves	  
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Seagrasses	  
DescripIon	  of	  the	  record	  
•  Two	  types	  of	  records:	  

•  Scars	  in	  the	  stems	  of	  
some	  species	  allows	  
‘retrodataIon’.	  Very	  
similar	  to	  dendro-‐	  
chronology.	  Decades	  
with	  annual/seasonal	  
resoluIon.	  

•  As	  for	  soil/sediments	  
OM,	  peat	  and	  
mangroves,	  seagrasses	  
also	  bury	  and	  
accumulate	  organic	  
debris.	  Millennia	  with	  
decadal/centennial	  
resoluIon.	  
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Posidonia	  
DescripIon	  of	  the	  record	  
The	  mat	  (Ma-e,	  Mata).	  
•  Integrated	  by	  belowground	  

organs	  of	  the	  plant	  +	  OM	  from	  
other	  sources	  +	  sediments.	  

•  Can	  reach	  up	  to	  8m	  in	  
thickness	  recording	  6000	  years	  
with	  ca.	  10	  years	  of	  resoluBon	  
(as	  far	  as	  we	  know!).	  Grows	  a	  
ca.	  1mm/yr	  (1m	  =	  1000	  yr).	  

•  First	  50	  cm	  are	  highly	  organic	  
(Histosol,	  peaty).	  Then	  organic	  
content	  declines	  but	  stays	  high	  
down	  the	  mat.	  

•  The	  origin	  of	  the	  debris	  
thousand	  years	  old	  can	  be	  
idenBfied	  under	  binocular!	  
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Posidonia.	  Mat	  formaIon	  
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100	  yr	   3000	  yr	  
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Posidonia	  oceanica.	  PreservaIon	  of	  the	  record	  
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Posidonia	  
Sampling	  the	  record 	  	  
•  Rhizomes	  for	  

lepidochronology	  and	  
plastochrone	  need	  to	  be	  
orthotropic	  and	  are	  found	  
in	  central	  areas	  of	  well-‐
developed	  patches.	  It	  is	  a	  
Ime-‐consuming	  task!	  

•  The	  mat	  can	  be	  sampled	  
using	  natural	  blow	  outs	  or	  
by	  coring.	  

•  So	  far	  roto-‐percusion	  and	  
manual	  coring	  has	  been	  
successfully	  used.	  
Vibracoring	  is	  believed	  to	  
be	  an	  adequate	  method.	  

Horizontal	  coring	  of	  the	  Posidonia	  oceanica	  
organic	  record	  in	  a	  natural	  front	  face	  of	  a	  

‘reef’	  in	  Es	  Pujols,	  Formentera.	  
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Posidonia	  
DescripIon	  of	  the	  record	  
Chronological	  model	  

•  Core	  shortening	  correcBon.	  
•  Discard	  displaced	  debris.	  
•  Carefull	  selecBon	  of	  sheath	  

debris	  (no	  roots).	  
•  Spectrometric	  AMS	  daBng.	  
•  CorrecBon	  for	  isotopic	  

discriminaBon	  (d13C).	  	  
•  DendrocalibraBon.	  
•  Reservoir	  effect	  correcBon.	  
•  Smooth-‐spline	  model.	  

Smooth-‐spline	  model	  
(Blaaw	  2010)	  

Edad	  máxima:	  4469	  años	  AP	  
Resolución:	  0.2	  	  –	  20	  años	  cm-‐1	  (Χ=	  9.4)	  
Tasas	  acreción:	  0.05–4.8	  	  mm	  año-‐1	  (Χ=	  0.3)	  

P.	  
oceanica	  
rhizome	  

Pr
of
un

di
da

d	  
	  (c
m
)	  

Secciones	  	   	  I	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  II	  	  	  	  	  	  	  	  	  	  	  	  	  	  III	  	  	  	  	  	  	  	  	  	  	  	  	  	  IV	  	  	  	  	  	  	  	  	  	  

0	  
6	  

12	  
18	  
24	  
30	  
36	  
42	  
48	  
54	  
60	  
66	  
72	  
78	  
84	  
90	  
96	  

102	  
108	  
114	  
120	  
126	  
132	  
138	  
144	  
150	  
156	  

Miguel	  Ángel	  Mateo	  Mínguez	  -‐	  Centro	  de	  
Estudios	  Avanzados	  de	  Blanes	  -‐	  CSIC	  



Posidonia	  
Proxies	  
This	  is	  a	  pioneering	  research	  lilne.	  
So	  far,	  the	  following	  proxies	  have	  
been	  used:	  
•  Mass	  accumulaBon	  rates	  
•  OM	  content	  
•  TOC	  
•  Grain	  size	  
•  Mineralogical	  analysis	  
•  Stable	  isotopes	  (C,N,H)	  
•  Compound	  specific	  isotop.	  
•  Foraminiferans	  

•  Abundance	  
•  d18O,	  d13C	  

•  Pollen	  grains	  
•  Heavy	  metals	  content	  
•  Biomarkers:	  faPy	  acids,	  sterols,	  

AliphaBc	  hydrocarbons.	  
•  Pyrolisis	  (OM	  fracBonaBon)	  
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Posidonia	  
ApplicaIon	  examples	  
•  Lepidochronological	  daBng	  

idenBfies	  13	  years.	  
•  Sheat	  isotopic	  composiBon	  

is	  determined	  for	  all	  
sheaths	  (=leaves)	  
produced	  each	  year.	  

•  Number	  of	  leaves/yr	  is	  
recorded	  (equals	  #	  of	  
sheaths).	  

•  The	  rhizomes	  studied	  
where	  sampled	  in	  the	  
upper	  and	  lower	  depth	  
limits	  of	  distribuBon	  in	  the	  
Medes	  islands	  meadow	  

•  D13C	  and	  producBon	  only	  
correlated	  in	  the	  lower	  
limit.	  

Sheath	  d13C	  records	  producIvity	  
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The	  rhizome	  archive	  records	  	  
thermic	  extremes	  
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Seagrass	  organic	  record	  
Inter-‐organs	  variability	  
Isotopic	  imprints:	  seasonality	  
and	  reserves	  dynamics	  
	  	  
•  Age-‐asociated	  δ13C	  variability:	  

consequence	  of	  the	  different	  
photosyntheBc	  capacity.	  

•  Same	  raBonal	  for	  seasonal	  
variaBons.	  Applicable	  to	  all	  
organs.	  

•  Posidonia	  oceanica	  is	  a	  
sucrose-‐storing	  plant.	  Sucrose	  
is	  13C	  depleted.	  

•  P.	  oceanica	  stores	  nitrogen	  
mainly	  as	  soluble	  proteins	  and	  
aminoacids.	  	  

•  Applicable	  to	  the	  ‘decadal’	  
seagrass	  organic	  record.	  
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Peat	  
DescripIon	  

•  Peat	  accumulates	  at	  a	  rate	  of	  
about	  0.5	  -‐	  1	  mm	  per	  year	  (or	  5-‐10	  
mover	  10,000	  years)	  with	  strong	  
local	  variaBons.	  Peat	  can	  be	  
formed	  from	  mosses,	  lichens,	  
sedges,	  grasses,	  shrubs	  (heather)	  
or	  trees.	  In	  northern	  regions,	  
mosses	  are	  the	  main	  peat-‐forming	  
plants	  while	  trees	  are	  the	  main	  
ones	  in	  the	  tropics.	  Most	  
peatlands	  that	  exist	  today	  formed	  
in	  the	  last	  15,000	  years	  since	  the	  
last	  Ice	  Age.	  

•  Peat	  consists	  of	  accumulated	  dead	  
plant	  material	  of	  which	  at	  least	  
50%	  is	  carbon.	  

•  Water	  saturaBon	  means	  that	  plant	  
remains	  decompose	  slowly	  and	  
form	  peat	  

Peat	  moss	  	  
Sphagnum	  flexuosum	  

Lichen	  in	  peat	  

Sphagnum	  spp.	  Moss	  peat	  	  
with	  sedges	  of	  Carex	  spp.	  
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Peat	  
DistribuIon	  of	  the	  record	  
•  Peat	  has	  been	  forming	  in	  the	  

planet	  during	  the	  last	  360	  
Million	  yr	  and	  nowadays	  
holds	  550	  Gt	  of	  carbon	  
(1015g).	  

•  Worldwide	  peatlands	  cover	  
about	  500	  million	  hectares	  
of	  land,	  some	  5-‐8%	  of	  the	  
world's	  surface.	  

•  They	  are	  most	  extensive	  in	  
North	  America,	  Asia	  and	  
Europe.	  

•  The	  remainder	  are	  found	  in	  
tropical	  areas	  the	  most	  
extensive	  in	  south-‐east	  Asia.	  

•  Overall,	  hold	  10%	  of	  
freshwater	  world’s	  
resources.	  
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In	  Europe	  there	  are	  515,000	  km2,	  around	  15%	  
In	  Spain	  around	  300	  km2	  (	  0.05%	  !!)	   M
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Peat	  (=turf,	  e.g,	  in	  Ireland)	  
Peat	  types	  
	  
Peatland	  
an	  area	  with	  a	  naturally	  
accumulated	  peat	  layer	  at	  the	  
surface	  
Mire	  
a	  peatland	  where	  peat	  is	  currently	  
forming	  and	  accumulaBng	  

Bog,	  pH	  3.2	  to	  4.2;	  Ash	  3%	  
a	  peatland	  which	  receives	  water	  
solely	  from	  rain	  and/or	  snow	  
falling	  on	  its	  surface.	  Poor	  trophic	  
status.	  Up	  to	  12	  m	  thick!!	  

Fen	  pH	  7	  to	  8;	  Ash	  10%	  
a	  peatland	  which	  receives	  water	  
and	  abundant	  nutrients	  from	  the	  
soil,	  rock	  and	  groundwater	  as	  well	  
as	  rain	  and/or	  snow.	  Up	  to	  2	  m.	  
	  

Elevated	  Bog	  

Blanket	  Bog	  

Fen	  

Fen	  
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Peat	  
Structure	  
•  Bogs:	  98%	  water!	  Only	  2%	  solids.	  
•  Fens:	  85%	  /	  15%	  
•  A	  bog	  consists	  of	  two	  layers:	  	  

•  the	  upper,	  very	  thin	  layer,	  
known	  as	  the	  acrotelm,	  is	  only	  
some	  30cm	  deep,	  and	  consists	  
of	  upright	  stems	  of	  the	  
Sphagnum	  mosses,	  largely	  sBll	  
alive	  and	  colourful	  with	  their	  
red,	  yellows	  and	  ochre.	  Water	  
can	  move	  rapidly	  through	  this	  
layer.	  

•  Below	   this	   is	   a	   very	   much	   thicker	   bulk	   of	   peat,	   known	   as	   the	   catotelm,	   where	  
individual	   plant	   stems	   have	   collapsed	   under	   the	   weight	   of	   mosses	   above	   them	   to	  
produce	   an	   amorphous,	   chocolate-‐coloured	  mass	   of	   Sphagnum	   fragments.	   here	   the	  
water	  slowly	  seeps	  down	  through	  the	  bog	  over	  several	  weeks	  or	  even	  months.	  
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Peat	  
Peat	  formaIon	  
Peatlands	  are	  composed	  of	  
deep	  layers	  of	  waterlogged	  
peat	  and	  a	  surface	  layer	  of	  
living	  vegetaBon.	  Peat	  
consists	  of	  the	  dead	  remains	  
of	  plants	  (and	  to	  a	  lesser	  
extent	  of	  animals)	  that	  have	  
accumulated	  over	  thousands	  
of	  years.	  Peat	  accumulates	  in	  
areas	  where	  the	  rate	  of	  plant	  
producIon	  exceeds	  the	  rate	  
of	  plant	  decomposiIon.	  
Complete	  plant	  
decomposiBon	  is	  prevented	  in	  
areas	  where	  waterlogging	  
occurs.	  
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Peat	  
Holocene	  isotopic	  series	  
	  
•  Oxygen	   isotopes	   (δ18O)	   in	   water	  

molecules	   undergo	   temperature-‐
dependent	   fracBonaBon	   during	  
condensaBon.	  VariaBons	  in	  δ18O	  of	  
meteoric	   water	   are	   generally	  
po s i B ve l y	   c o r r e l a t ed	   w i t h	  
a tmo s p h e r i c	   t empe r a t u r e	  
(Dansgaard,	  1964).	  	  

	  
•  During	   photosynthesis,	   the	   δ18O	  

signature	   of	   the	   source	   water	   is	  
recorded	  in	  cellulose	  molecules.	  	  

	  
•  The	   amount	   o f	   ra in fa l l	   i s	  	  

negaBvely	   correlated	   to	   the	   plant	  
δ13C	  value;	  the	  larger	  the	  amount	  
of	   rainfall,	   the	   smaller	   the	   δ13C	  
value	  (Lee	  et	  al.,	  2005;	  Wang	  et	  al.,	  
2008).	  	  

	  Peat	  cellulose	  isotopes	  as	  indicators	  of	  Asian	  
monsoon	  variability	  

Hong	  et	  al	  2010	  
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Peat	  
ApplicaIon	  examples	  
•  Some	  bogs	  are	  uniquely	  

suited	  to	  natural	  and	  
anthropogenic	  airborne	  
parBcles	  because	  their	  
surface	  layers	  are	  only	  fed	  
by	  atmospheric	  inputs	  
(rain,	  snow,	  fog,	  dust).	  

•  Pb	  is	  well	  retained	  by	  bogs	  
(adequate	  pH).	  	  

•  Stable	  isotopes	  allow	  
discriminaBng	  between	  
natural	  and	  anthropogenic	  
metal	  abundance,	  and	  its	  
origin.	  	  

•  Metal/Titanium	  
(conservaBve	  metal),	  
allows	  such	  discriminaBon.	  

Peat	  as	  an	  archive	  of	  
atmospheric	  polluIon	  

De
	  V
le
es
ch
ou

w
er
	  e
t	  a

l	  2
01
0	  

Miguel	  Ángel	  Mateo	  Mínguez	  -‐	  Centro	  de	  Estudios	  Avanzados	  de	  Blanes	  -‐	  CSIC	  



Mangroves	  as	  organic	  records	  
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Mangroves	  
DistribuIon	  of	  the	  record	  
	  
	  
	  
	  

Mangroves:	  
The	  word	  'Mangroves''	  refers	  to	  a	  
diverse	  group	  of	  unrelated	  plants	  
that	  share	  a	  common	  ability	  to	  live	  
in	  waterlogged	  saline	  soils	  
subjected	  to	  regular	  flooding.	  They	  
are	  highly	  specialised	  and	  adapted	  
plants	  in	  order	  to	  survive	  in	  
unstable	  condiBons.	  	  
	  
Global	  Mangrove	  distribuIon:	  
Mangroves	  are	  distributed	  
circumtropically,	  and	  are	  largely	  
restricted	  to	  laBtudes	  between	  30°	  
N	  	  and	  30°	  S.	  Total	  mangrove	  
coverage	  is	  18	  million	  hectares,	  
which	  represents	  only	  0.45%	  of	  
world	  forests	  &	  woodland.	  	  
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Mangroves	  
Mangrove	  types	  

Of	  the	  80	  different	  species	  most	  common	  are:	  
	  
Red	  Mangrove:	  
It	  usually	  grows	  near	  the	  shore	  of	  the	  water,	  	  
has	  red	  roots	  that	  raise	  over	  the	  water.	  
	  
	  
Black	  Mangrove:	  
It	  grows	  in	  higher	  areas	  than	  the	  red	  
mangrove	  and	  its	  roots	  spread	  near	  the	  trunk	  
in	  shapes	  of	  fingers.	  
	  
	  	  
	  
White	  Mangrove:	  
It	  grows	  in	  higher	  areas	  than	  the	  black	  
mangrove	  and	  the	  roots	  are	  not	  visible.	  
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Mangroves	  
Structure,	  formaIon,	  dynamics	  
Mangrove	  soils	  develop	  through	  a	  
combinaBon	  of	  mineral	  sediment	  
deposiBon	  and	  organic	  maPer	  
accumulaBon.	  
The	  mangrove	  peat	  is	  composed	  
primarily	  of	  refractory	  roots.	  
Because	  mangrove	  soils	  are	  
waterlogged	  and	  nutrient	  
availability	  is	  low,	  decomposiBon	  
of	  mangrove	  roots	  and	  other	  
plant	  Bssues	  is	  extremely	  slow	  
(only	  a	  few	  mm	  per	  year).	  	  
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Mangroves	  
ApplicaIon	  examples	  

a	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  b	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  c	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  d	  	  	  	  

a	  Leaf	  fragment	  area	  (mm²)	  
b	  stable	  nitrogen-‐isotope	  	  
c	  stable	  carbon-‐isotope	  	  
d	  stable	  oxygen-‐isotope	  	  

ComposiBon	  of	  
leaf	  fragments	  

Stable-‐isotope	  (C,	  N	  and	  O)	  :	  
Stable	  carbon	  and	  nitrogen	  
isotope	  analyses	  are	  useful	  
to	  track	  past	  changes	  in	  
mangrove	  floral	  
composiBon,	  stand	  structure	  
and	  nutrient	  limitaBons.	  
	  
Stable-‐oxygen-‐isotope	  
composiBon	  recorded	  
variaBons	  in	  the	  proporBon	  
of	  seawater	  versus	  
precipitaBon	  taken	  up	  by	  
past	  mangroves	  à	  due	  to	  
changes	  in	  sea-‐level	  rise	  

Wooller	  et	  al.	  2007	  
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Tree	  rings	  
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Tree	  rings	  
Principles	  of	  dendrochron.	  
CrossdaIng:	  matching	  paPerns	  
in	  ring	  widths	  or	  other	  ring	  
characterisBcs	  (such	  as	  ring	  
density	  paPerns)	  among	  several	  
tree-‐ring	  series	  allow	  the	  
idenBficaBon	  of	  the	  exact	  year	  
in	  which	  each	  tree	  ring	  was	  
formed.	  without	  the	  precision	  
given	  by	  crossdaBng,	  the	  daBng	  
of	  tree	  rings	  would	  be	  nothing	  
more	  than	  simple	  ring	  counBng!	  
	  
ReplicaIon:	  the	  environmental	  
signal	  being	  invesBgated	  can	  be	  
maximized,	  and	  the	  amount	  of	  
"noise"	  minimized,	  by	  sampling	  
more	  than	  one	  stem	  radius	  per	  
tree,	  and	  more	  than	  one	  tree	  
per	  site.	  

CrossdaIng	  
The	  fundamental	  principle	  of	  dendrochronology	  
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Some	  genera	  are	  more	  suitable	  
than	  others	  (Pines,	  Tsugas	  vs	  .	  
In	  aridity	  or	  semi-‐aridity	  
condiBons,	  the	  techniques	  of	  
dendrochronology	  are	  more	  
consistent	  than	  in	  humid	  areas.	  
Rings	  can	  be	  sample	  from:	  
•  Living	  trees	  
•  Wood	  from	  construcBons,	  

furniture,	  musical	  
instruments	  

•  Fossil	  trunks	  
Tree	  rings	  are	  counted	  under	  
the	  binoculars	  from	  either:	  
•  Full	  slices	  of	  a	  trunk	  or	  
•  Cores	  taken	  with	  small	  drills	  
	  

Organic	  records	  
Sampling	  overview	  
Tree	  rings	  
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Tree	  rings	  
Proxies	  
-‐Stable	  isotopes:	  the	  basis	  of	  
the	  applicaBon	  of	  the	  stable	  
isotopes	  in	  dendrochronology	  
lies	  in	  the	  assumpBon	  that	  
seasonal	  and	  climaBc	  paPerns	  
directly	  or	  inversely	  affect	  the	  
isotopic	  composiBons	  laid	  down	  
in	  the	  structural	  Bssues	  
produced	  by	  the	  tree.	  	  
-‐Typical	  parameters	  affecBng	  
studied	  include:	  temperature,	  
precipitaIon,	  sunlight,	  
daylength,	  and	  atmospheric	  
CO2.	  	  
-‐Most	  common	  proxies	  used	  
are	  d13C,	  d18O,	  dD,	  d15N	  
-‐Trace	  elements,	  metals,	  
pesIcides,	  etc.	  
-‐Cellulose	  is	  a	  common	  
compound	  used	  for	  isotopic	  
analysis	  

dD,	  records	  
oscillaBons	  rain/
fog	  water	  use.	  
Fog	  and	  rain	  
have	  different	  
origins.	  

California	  Red	  Wood	  forest	  fog	  

d18O,	  records	  
oscillaBons	  wet/
dry	  seasons.	  

EvapotranspiraBon	  
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Tree	  rings	  
ApplicaIon	  examples	  
•  During	  the	  rainy	  season	  

the	  amount	  effect	  in	  
tropical	  convecBve	  
rainfall	  should	  dominate	  
over	  weaker	  leaf	  
evaporaBon,	  leading	  to	  
lower	  xylem	  δ18O	  
values.	  

•  During	  the	  dry	  season,	  
leaf	  evaporaBon	  will	  
dominate	  over	  the	  
amount	  effect,	  leading	  
to	  higher	  xylem	  δ18O	  
values.	  

•  Analogous	  situaBon	  in	  
dry	  vs.	  wet	  years.	   Evans	  and	  Schrag	  2004	  

Dendroclimatology/ecology/
hydrology	  
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Tree	  rings	  
ApplicaIon	  example	  
-‐D13C	  and	  d18O	  from	  wood	  
cellulose	  and	  tree	  ring	  
distances.	  A	  period	  of	  possible	  
juvenile	  effect	  (soil-‐respired	  
CO2)	  is	  shown	  (hatched	  line	  
secBon).	  Shaded	  secBon	  
indicates	  the	  warmest	  period	  in	  
Switzerland	  (1940-‐1950).	  
	  
-‐D13C	  and	  d18O	  increase	  
following	  a	  decrease	  in	  the	  gas	  
exchange	  (stoma	  closure).	  
	  
-‐Why	  does	  d13C	  increse	  afer	  
the	  dry	  period?	  It	  should	  
decrease	  in	  an	  anthropogenic	  
atmospheric	  CO2	  increase	  
scenario…	  

Anderson	  et	  al.	  1998	  
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Organic	  maPer	  
LimitaBons/challenges	  

•  LimitaBons	   are	   many,	   and	   based	   in	   the	   fact	   that	   OM	   components	   parIally	  
transform	  during	  aging	  and	  that	  mulIple	  factors	  can	  have	  opposed	  effects	  on	  the	  
proxies	  making	  it	  difficult	  to	  interprete	  their	  resulBng	  values.	  

•  Microbial	   reworking	   of	   organic	   maPer	   during	   early	   diagenesis	   can	   potenBally	  
modify	   its	   bulk	   carbon	   isotopic	   content	   because	   organic	   maPer	   is	   a	   mixture	   of	  
different	  types	  of	  compounds	  that	  have	  different	  isotopic	  contents.	  

•  TOC	   diluIon	   by	   clasBc	   sediment	   parBcles	   or	   concentraIon	   by	   carbonate	  
redisoluBon:	  mulBfactors	  affecBng	  the	  proxy.	  

•  Use	  of	  d13C	  to	  disBnguish	  C4	  (or	  even	  C3)	  from	  algae,	  can	  be	  precluded	  when	  the	  
availability	  of	  dissolved	  CO2	  is	  limited	  and	  algae	  begin	  to	  use	  dissolved	  HCO3-‐	  (d13C	  
=	  1	  ‰)	  as	  their	  source	  of	  carbon.	  The	  C3	  signatures	  approach	  to	  C4	  due	  to	  a	  DIC	  
‘source	  effect’.	  

•  While	   d13C	   is	   quite	   conservaBve,	   d15N	   experiments	   discriminaBon	   during	   both	  
uptake	  and	  recycling.	  This	  makes	  interpretaBons	  very	  complicated.	  
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Organic	  maPer	  record	  
Literature	  and	  web	  sites	  

	  
•  Meyers	  2003.	  ApplicaIons	  of	  organic	  geochemistry	  to	  paleolimnological	  

reconstrucIons:	  a	  summary	  of	  examples	  from	  the	  LaurenIan	  Great	  Lakes.	  Organic	  
Geochemistry	  34:	  261-‐289.	  

•  Engel,	  M.	  H.	  &	  S.	  A.	  Macko,	  1993.	  Organic	  Geochemistry:	  Principles	  and	  pplicaBons.	  
Plenum,	  New	  York,	  p.	  861.	  

•  Killops,	  S.	  D.	  &	  V.	  J.	  Killops,	  1993.	  An	  IntroducBon	  to	  Organic	  Geochemistry.	  
Longman,	  London,	  p.	  265.	  

•  Tyson,	  R.	  V.,	  1995.	  Sedimentary	  Organic	  MaPer.	  Chapman	  and	  Hall,	  London.	  
•  Rossignol-‐Strick	  et	  al,	  1982.	  Afer	  the	  deluge:	  Mediterranean	  stagnaBon	  and	  sapropel	  

formaBon,	  Nature	  295,	  105	  –	  110.	  

There	  are	  no	  real	  specific	  web	  sites	  devoted	  to	  paleoreconstrucBons	  using	  organic	  
maPer	  in	  soils	  and	  sediments,	  as	  other	  proxies	  (‘non-‐organic’)	  are	  normally	  used	  in	  

combinaBon.	  	  
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Organic	  records	  
Literature	  and	  web	  sites	  

There	  are	  no	  specific	  texts	  globally	  addressing	  the	  organic	  records	  of	  the	  biosphere.	  
There	  are	  many	  for	  each	  specific	  one.	  

	  
•  hPp://www.globalchange.umich.edu/globalchange1/current/lectures/kling/

paleoclimate/index.html	  
•  hPp://www.ncdc.noaa.gov/paleo/paleo.html	  
•  hPp://en.wikipedia.org/wiki/Proxy_(climate)	  
•  hPp://en.wikipedia.org/wiki/Paleoclimatology#ReconstrucBng_ancient_climates	  
•  hPp://www.ncdc.noaa.gov/paleo/educaBon.html	  
•  hPp://scidiv.bellevuecollege.edu/gj/Ocean101-‐Ch05.pdf	  
•  hPp://www.noc.soton.ac.uk/soes/staff/ejr/DarkMed/dark-‐Btle.html	  
•  hPp://fl.water.usgs.gov/PDF_files/fs73_98_holmes.pdf	  
•  hPp://www.vibrocoring.com/	  
•  hPp://www.vibrocoring.com/VCconcepts.html	  
•  hPp://en.wikipedia.org/wiki/Geochronology	  
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S1.	  Examples	  of	  paleoreconstrucBon	  using	  a	  marine	  “peat”	  
Long-‐term	  stability	  in	  the	  producBon	  of	  a	  NW	  
Mediterranean	  Posidonia	  oceanica	  meadow	  
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Basis	  for	  paleoreconstrucBon	  

Proxies 

Environmental  
Parameters 

Biological  
Parameters 

PALEO-ENVIR. 
Parameters 

PALEO-BIOL. 
Parameters 

PALEO-RECORD 

Experimentation 

Transfer equations 



Example	  of	  paleoreconstrucBon	  
	  

CalibraBng	  the	  proxy	  
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