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RADIOACTIVITY  OF  WOOD

By  WAYNE   ScHOLTES

Professor   of   Soils,  Agr-onomy   De{Jt.,  Iowa  State   CtJllege

FoRESTERS  have  long been  aware  of  the  multip]i-
city  of  uses  for  wood.   Each  year  finds  many  new  uses
for  wood  and  wood  products  as  our  technology  con-
tinucs  to  develop.   However,  wood  is  now  being  used
as  a  measuring  tolol  for  scientists  in  a  manner  never
visualized  before,  even  by  the  most  avid  proponets  of
wood products. The intrinsic composition of the wood
itself,  more  specifically,  its  content  of  radioactive  car-
bon    (C14),   enables  scientists   to  date   the   age  of  the
wood.   The  actual  age  of  the  wood,  when  ascertain-
able,  makes  it  possible  to  place  a  date  of  occurrence
on  events  contemporaneous with  the  period when  the
trees were  living.

Theo1-y   Of   Rod,iocarbon  Dating

A  simplified  explanation  of  the  reaction  involved
in  radilocarbon  dating  follows:   Physicists  have  found
that  cosmic  rays  produce  neutrons  upon   initial   col-
1isiorlS  With   COmPOnCntS   O£'   the   air.   Oxygen   is   essen-
tially  inert  to  neutron  bombardment,  but  nitrogen  is
quite  reactive.  The  neutrons  produced  by  cosmic  ra-
diation  are  radioactive  with  a  half  life  of`  about   ]2
minutes.  Therefore,  the  neutrons  either  collide  with
air  molecules  and  lose   their  energy,   or  they  collide
with  Nitrogen14  and provide  sufficient  thermal  energy
to  produce  the radioactive  isotope of carbon,  C14.  The
following  reactions  occur  as  a  result  of  this  bombard-
ment:

(I)      N14+n-C14+H1
(2)      N14+n-C14+H3

Radioactive  carbon  is  burned  to radioactive  carbon
dioxide  in  the  atmosphere.   It  is   then  mixed  by  the
winds with  the  inert or  normal  carbon  dioxide  ct12>t,£.
The  plants  growing on  the  earth's  surface  utilize  CO.,
in   their  photosynthetic  process.  A  major  portion  of
the  COB  utilized  from  the  atmosphere  is  normal  co,
and  a  small  uniform  percent  is  radioactive  co2.  An--
imals  utilize  plants,  and  human  beings  utilize  plants
and   animals,   which  means   that   all   living  materials
contain   a  certain  degree  of  radioactivity  because   of
the   absorption  of  C14.  Assimilation   of  C14   by  living
organisms  is  balanced  by  the rate C14  is  disintegrating
to  form  N14.  As  soon  as  the  orglanism  dies,  however,
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the  assimilation  process  ceases  and  the  disintegration
o£  radioactive  C14  continues _ with  no  compensation.
Since  C14  has  a  half-life  of  about  5568  yearsJ  it  means
that  the  organism  will  have  lost  half  of its  specific  c14
radioactivity  after  a  period  of  5568  years.  Therefore,
we  should  expect  to  find  that  a  body  5568  years  old
would   be  half`   as  radioactive   as   a  present-day  living
organism.  A  Geiger  counter  would  record,  therefore,
the  decreasing  radioactivity  with  increasing  age.

According  to  Li-bby#   there  are  some  8.3   grams  of
carbon   in   exchange   equilibrium   with   atmospheric
CO2  for  each  Square  Centimeter  Of  the  earth'S  Surface.
There  are  some  2.6  C14  atoms  formed  per  square  cen-
timeter  per  second  and,  consequently,  the  carbon  in
exchange   equilibrium   will   contain   a   specific   radio-
activity  of  2.6x60/8.3  disintegrations  per  minute   per

gram.  This means  that the reservoir of carbon has not
changed   significantly   in   the   last  few   tens  of   thous-
ands  of years.  Therct'ore,  assimilation  of  C14  has  been
the  same  for  a  Ions  period  of  time  by  biological  ma-
terial.  This  means  that  with  a  uniform  supply,  trees
living  thousands  of  years  age  attained  a  c14  content
comparable  to  trees  living today.

Since  biological  materials   (wood)   contain  an  assay
of  l5.3  disintegrations  per  minute per gram of  carbon
(from  the  C14  portion  of  the  carbon) ,  the  determin-
ation   of   its   present   radioactivity   will   determine   its
age.  The  following  graph   (Fig.   I)   from  Libbv  illus-

/
Crates   the   rate   of  disappearance  of  radioactivity  fol-
lowing   death   corresponds   to   the   exponential   decav
law for radio  carbon  as represented by the  solid curveJ.
Samples  of  wood  from  mummy  cases,  wooden  beams
from   ancierit   tombs,   and   other   wood   samples   that
have  been  definitely  dated  archaeologically,  have  en-
abled  a  good  check  to  be  made  of  the  accuracy  of  ra-
diocarbon  dating  from  wood.

Geological  and  Pedological   APIJliCatiOn

Utilizing  charcoal  or  buried wood,  the  age  o£  many
o£  our  major  geological  events  has  been  determined
accurately  for  the  first  time.  For  example,  at  the  time

#  Radiocarbon  Dating.  W.  F.  Libby,  Univ.  Chicago  Press.   l955.
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Fig.   1.     Predicted   versus   oT,served   radioactivities   of   samples   of
kno`\Tn   ag`e.

of   our   various   glacial   periods,   ice   masses   overrode
trees  growing  on  the  landscape  a_nd  buried  them  be-
neath  tons  of  mineral  materials.   From  the   time  the
trees  were  killed  and  covered  bv  derbis,  the  assimila-
tion   of  Cll   ceased   and   its   original   radioactivity  les-

Fig.  2.    A   shattered   spruce   log   imbedded   in   basal   portion   of
rowan   till   deposit,   twenty-five   feet   below   modern  surface   in   a
railroad  cut.   Age  of  wood  about  35,OOO  years.
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sened   to   the   point  wherein   it   became   progressively
half  as  radioactive  each  succeeding  5,568  years.

In   the   course   of  new  road   construction,   railroad
construction,  or down-cutting and eroding by streams,
buried  wood  is  often  exposed.  When  the  age  of  the
wood  is  determined,  it  dates  the  time  when  the  ma-
terials were  moved in and covered up  the  trees.  In  the
case  of glacial  ice,  the  trees  were  most often  shattered
and  incorporated  into  the  base  of  the  glacial  deposit.
(Fig.  2)    However,  in  a  few  instances,   trees  growing
in  valleys  were  covered  standing  up  by  wind  and  wa-
ter  borne  silts.  In  such  cases  where  the  buried  forest
was  exposed  by  road  cutting,  the  trees  were  revealed
standing   upright   and   growing   at   several   different
levels  in  the  old  sedimented  valley   (Fig.  3) .

From  buried  wood  samples  excavated  from  under
several  different  deposits  at  various  places  in  Iowa,  it
has   been   possible   to   determine   the   chronology   of
events  which  have  taken  place.  It  should  be  pointed
out  that  much  of  the  wood  that  has  been  buried  has
been  remarkably  preserved.  In  the  absence  of  oxygen
the  wood  is well  enough  preserved so  that histological
sections  can  be  made  for  identification.  Even  though

Fig.   3.     A   forest   bed   exposed   lJy   new   highway   Cut   thirty   feet
be]o`\'  surface.   r`Tote  the  lateral  I`OOt  in  foreground  and  Stump  in
right   background.    This   forest   T\`aS   COVered   by   Pro    Cary   silts
\\'hich  covered  the  stantling  forest  about   14,000  tears  ago.

tremendous  compression  and  distortion  of  the  wood
has  often  resulted  from  the  great  weight  of  materials
deposited on  top of the wood,  the wood retains  its  dis-
tinctive  characteristics.  Dr.  D. \,V.  Bensend,  Iowa State
College,  has  made  many  identi£ications  of  histologi-
cal  sections  of  buried  wood  for  the  author,  so  that  it
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Figure  4.     Buried   soil   exposed   in   road   cut  45   feet   below   pre-
sent   surface   materials.    Spruce   and   hemlock  logs   imbedded   in
surface  of  soil  date  about  13jOOO  years  old.   Time  of  soil  forma-
tion  of  buried  soil = age  of  lower  material -13,000.
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has been possible  to know  the type of vegetation growl
ing  on  the  forme1-  land  surface.  In  some  cases,  wood
which  has  been  buried  for  15,000  years  is  so  well  pre-
served  that  the  bark  is  still  present  in  an  identifiable
state.  It  is  of  interest  to  find  that  the  former  forest
cover  in  Iowa  was  not  comparable  to  present  species
I`ound  in  the  state.  Buried  wood  has  been  identified
as  spruce,  hemlock  or  larch,  which  is  a  strong  indica-
tion  that  environmental  conditions  were  greatly  dif-
±`erent  in  past  geological   time   in  Iowa,   compared  to
our  present  climate  or vegetational  types.

In   addition   to  dating-  major  geological   events,   ra-
diocarbon  dating  has  enabled  soil  scientists  to  deter-
mine  the  alterations  due  to weathering in  the interval
elapsing between  two geological deposits   (Fig 4) .  The
changes  which  have  taken  place  since  deposit  of  fresh
parent material  can  be  ascertained by study of  the  soil
and  evaluating  the  effect  of  time  on  weathering.  De-
te1-minatiOn  Of  the  relative  age  of  landscapes  has  also
helped  explain  the  variation  in  soils  and soil  patterns
within  the  state,   (Fig.  5) .

In  summary,  wood  is  the  most  important  source  o£
materials   used   for   radiocarbon   dating.   For   events
which  took  place  up  to  about  35,000  years  ago   (limit
of radiocarbon lnethOd iS  about Seven half lives) ,  bur-
ied  or  preserved  wood  enables  scientists  to  place  an
age value  on  the  wood.  The  use  of wood  as  a  tool  in
determining  chronology  is  probably  the  most  unique
utilization of one of natures most useful  products.
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Fig.  5.     Ages  of  glacial  drift  and  loess
landscapes   in   Iowa   deduced  from  ra-
tliocarbon  dating  of  buried  wood.    (R.
V.   Ruhe   and   W.   H.   Scholtes,   Proc.
Soil   Sci.   Soc.,  Vol.   20,   1956.)
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Barring   acts   of   God   or   inordinate   sltupidities   of   men,   another
decade   or   so   should   find   our   economy   able   to   p1-OVide   material
things  for  the  pelople  even  more  bountifully  than  nolw.  For  we  are
a nation growing in  numbers,  rich  in  resources  and  blessed  with  an
economic  system  unmatchccl  as  a  way  of  releasing  men's   energies
and  talents.  \'\7hen  that  day  comes  we  will  find  that  we  have  multi-

plied  our  markets  and  our  needs.  Today's  steel  mills,  today's  chem-
ical  plants,  today's  work  shops  for  mak]'ng  use±'ul  things  for  home
and  industry will  be  totally  inadequate.  E\7erything  Will  have  to  be
expanded.
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