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PRINCIPLES OF MARINE LEVEL CORRELATION

D ouglas Jo h n so n
Columbia U niversity

IN  th e  sum m er of 1931 th e  w riter u n d e rto o k , w ith  th e  su p p o rt of th e  American 
G eographical Society, th e  Carnegie In s ti tu tio n , and  C olum bia U niversity , a 
reconnaissance s tu d y  of m arine te rra c e s  and  o th e r real or supposed elevated 

shore  featu res from  R hode Island down t h e  A tlan tic  coast to  F lo rida  an d  around 
th e  G ulf coast to  Texas. No a tte m p t w as m ade to  exam ine all supposed m arine 
form s now found above sea level along th is  ex tended  b e lt of coast, b u t m an y  of the 
best-know n features w ere exam ined, o ften  w ith  th e  aid of an d  in com pany  with 
those  who had  previously  given them  d e ta ile d  s tu d y . O nly a  b rief sum m ary  of 
resu lts is p resen ted  here. F o r a  som ew hat fuller s ta te m en t th e  read er is referred 
to  th e  forthcom ing Comptes Rendus of t h e  In te rn a tio n a l G eographical Congress 
held a t  P aris  in 1931. A detailed  discussion of th e  whole problem  is in preparation  
for publication  a t  a  la te r date.

T h e  objects of th e  investigation  were th re e  in num ber:
I. T o discover th e  cause or causes o f th e  w idely d ivergen t view s now held 

w ith regard  to  m arine level correlation in eas te rn  N o rth  Am erica.
II .  T o establish , if possible, some genera l principles of shore-line correlation 

which m igh t help tow ard  th e  solution of th is  difficult problem .
I I I .  T o  give, if feasible, an  answ er to  th e  question  as to  w hether th e  ancient 

m arine  levels of th e  region investigated  a re  horizon tal or inclined.

I. C a u s e s  o f  D i v e r g e n t  V i e w s

W ith  respect to  th e  first point, it  a p p ea rs  th a t  th e  existing  wide differences of 
opin ion respecting  correlation  of m arine levels in A m erica arise from  a  v a rie ty  of 
causes, am ong which only a-few are  m en tioned  here.

1. The searching fo r  evidence in  support o f a single working hypothesis. This 
m ethod  of investigation , alw ays open to  objection , is peculiarly  dangerous when 
em ployed in th e  correlation of ancien t m arine  levels. C oastal regions usually 
p reserve so m any traces of real or supposed  shore lines th a t  a  sufficient num ber of 
benches, cliffs, gravel deposits, or o th er featu res m ay be found sufficiently near 
a n y  given level to  lend ap p aren t b u t o ften  fictitious su p p o rt to  a lm ost an y  theory  
favored  b y  an investigator.

2. Using as a basis o f correlation fo rm s  that are of no real significance. I t  has 
n o t in frequen tly  happened  th a t  facts observed  on m aps o r discovered b y  profiles 
have  been in te rp re ted  as indicating  th e  existence of ancien t shore lines, when they  
will b ear equally  well an a lte rn a tiv e  in te rp re ta tio n  devoid of an y  special significance. 
An exam ple is th e  c ita tio n  of b e lts  of co u n try  parallel to  th e  shore in which the 
h illto p  elevations a re  a b o u t th e  sam e a s proofs of m arine terracing , w hen th e  same 
phenom enon m ay characte rize  a  norm ally  dissected sloping coasta l p lain  o r  pene- 
plane.

3. Using as a  basis of correlation really significant features that are, however, 
of nonm arine origin. F lood-plain bars, n a tu ra l levees, s tream -cu t escarpm ents, 
fa u lts  o r  m onoclinal w arpings, p a rtia lly  subm erged stream  divides, a n d  Ind ian  shell 
m ounds have all been, in one place or a n o th e r, assigned a  m arine origin and  used 
a s  a  basis for fixing ancien t sea levels.
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4. Failure to f ix  ancient water planes, w ith  respect to real m arine features o f certain 
types, by any un iform  method. D ifferent observers w ill, for exam ple, place th e  w ater 
level a t  w idely different he igh ts w ith  respect to  an  an c ien t offshore b a r ; an d  th e  sam e 
observer will place th e  w a ter level a t  w idely different p a rts  of d ifferent bars.

5. Fixing ancient water planes a t sim ilar parts o f terraces having entirely different 
origins. In  th e  case of tw o terraces A  and  B , F ig u re  1, it  has qu ite  n a tu ra lly  hap-

F ig . i — D e s tru c tio n a l te r ra c e  (A ) a n d  c o n s tru c tio n a l te rra c e  (B) com pared .

pened, in view of th e ir  close resem blance, th a t  th e  fo rm er w a ter p lane for each has 
been  fixed a t th e  level X .  N ow  if A is a  destru c tio n a l terrace , form ed where th e  
w aves cu t in to  th e  sloping surface of th e  coasta l p lain , th e  w a te r  level m ay  correctly  
b e  placed a t  X .  B u t if B  is a  co n structional te rrace , b u ilt forw ard in to  th e  sea 
like Cape C anaveral or th e  D ungeness, th e  ancien t w a ter p lane should be located 
n o t a t  X ,  b u t a t  Y.

6. Using a range o f terrace level nearly as great as, or even greater than, the inter­
terrace range. If th e  range of one supposed dissected terrace  is given as 180-220 
feet, and  of th e  nex t h igher a s  280-340, it  is ev id en t th a t  we m u st expect, on analyzing 
m ap s or profiles, to  find th a t  in one case n early  half, in th e  o th er case m ore th an  
ha lf th e  hilltop e levations will fall w ith in  th e  supposed te rrace  be lt, parallel to  th e  
sea, even if we are  dealing w ith  a  sim ple, un terraced  up land  sloping tow ard  th e  
shore.

7. Failure o f authors to state the precise significance o f the figures given fo r  terraces 
described by them. W hen it is m erely  s ta te d  th a t  th ere  is a  te rrace  w ith  an  elevation 
of from  190 to  240 m eters, th is  m ay  m ean a  v a r ie ty  of th ings. A ttem p ts  to  corre late  
terraces when th e  tru e  significance of th e  availab le  figures is unknow n m ust lead 
to  confusion.

8. Em ploying the elevation o f nonsignificant parts o f terraces. If an ancient 
w ave-cut cliff {A , F ig . 2) is e levated  above th e  sea, an d  w aves of a  new  sea level

F ig . 2— E ro s io n  te r ra c e  c u t in  fo rm er sea floor.

la te r  cu t a new cliff (C ) in to  th e  sloping an c ien t sea bo ttom , we have a  te rrace , CA, 
on w hich it is qu ite  useless to  give th e  e levation  (say  30 m eters) of th e  fron t m argin 
a t  C; for obviously th e  heigh t of th e  fro n t m argin  is fo rtu itous. H ad  th e  sea c u t in 
less (D ) it  would be  b u t 20 m eters; h ad  it c u t in more (B ) it  would be 40 m eters. 
T h e  only  figure w orth  recording, th e  only  significant figure, is th e  e levation  of th e  
re a r  m argin of th e  terrace , a t  th e  base of th e  an cien t cliff, in th is  case say  50 m eters.

9. Failure to record a ll o f the terraces or other marine features in  a given area. 
I f  th e  investiga to r who believes in th e  existence of a 100-m eter te rrace  and  a  200-
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m ete r te rrace  em phasizes only  th e  terraces h av in g  approx im ate ly  th o se  elevations, 
th e  case (F ig, 3) m ay  ap p ea r v e ry  s tro n g  fo r  e u s ta tic  changes of sea level, or for 
uniform  u p lift of th e  land , even if som e of th e  te rrace  a rea s a re  w eak ly  developed. 
B u t w hen all te rrace  rem n an ts  for each lo ca lity  a re  fu lly  represen ted , th e  case for 
til t in g  of th e  land  m ay  ap p ear as stro n g  or e v en  stronger (F ig. 4).

io .  A ttem pting  correlation on the basis o f  the degree o f stream dissection. T im e 
and  a lti tu d e  are  n o t th e  only  facto rs th a t  d e te rm in e  degree of dissection. N earness

Sealevel

F ig . 3— Correlation of only p a rt of the  evidence of ancien t m arine levels here perm its th e  inference 
th a t  there  are rem nants of tw o horizontal elevated shore lines. C om pare w ith  Figure 4.

Sealevel

F ig  4—This figure reproduces th e  d a ta  shown in  Figure 3 b u t w ith  additional d a ta  indicating the 
existence of a  greater num ber of inclined shore lines.

to  stream s, ch arac te r  of subsoil, q u a lity  an d  q u a n tity  of v eg eta tio n , am o u n t of 
p rec ip ita tio n — th ese  a re  som e of th e  o th er fac to rs  en tering  in to  th e  problem .

l í .  A ttem pting  correlation on the basis o f the degree o f weathering o f soils or 
gravels. H ere  again th e  question  of m an y  v a riab le  fac to rs  enters, and  th e  m ethod  of 
corre lation  seem s unsafe.

12. Basing correlations on barometric determinations o f altitude . A  v e ry  fa in t 
slope, n o t de te rm in ab le  b y  barom etric  m ethods, m ay  be significant of th e  origin 
of a  te rrace . In  C onnecticu t certa in  terraces th o u g h t to  be  q u ite  horizon tal on 
th e  basis of ba ro m etric  readings, an d  therefo re  assigned to  a  g lacio-lacustrine  origin, 
w ere by  our surveys show n to  be uniform ly inclined tow ard  th e  sou th .

13. A ttem pting  correlations on the basis o f m arine levels reported in  the literature. 
S tud ies of an cien t m arine  levels h ave  no t y e t reached th e  degree of precision and 
un ifo rm ity  in  m eth o d s of in v estig a tin g  and  reporting  field phenom ena th a t  m akes 
dependence on th e  l ite ra tu re  a  safe basis of correlation.

T h ere  a re  o th er causes of differences in opinion regarding correlation  of form er 
m arine  levels, in ad d itio n  to  th e  th ir te en  cited  above. B u t these  a re  sufficient to  
m ake  clear th e  g rea t difficulty of th e  problem .

I I .  P r i n c i p l e s  o f  M a r i n e  L e v e l  C o r r e l a t io n

W ith  respec t to  th e  second ob jec t of our reconnaissance, I  am  n o t so presum p­
tu o u s  a s  to  im agine th a t  we can, a t  th is  early  stage of our studies, lay  down a se t of 
principles th a t  will ad eq u a te ly  suffice for all stud ies of m arine  level correlation . I 
can, how ever, suggest some princip les th a t  a re  being employed to  guide our investiga­
tions. T hese  are g lad ly  su b m itte d  to  th e  criticism  of our colleagues engaged in sim ilar 
studies.
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1. Recognize fu lly  the extreme difficulty o f the problem. T h e  geom orphologist 
w ho fails to  realize th e  in tricacy  of th e  problem  of co rre la tin g  ancien t m arine  levels, 
a n d  who therefo re  fails to  proceed w ith th e  cau tio n  requ isite  to  th e  ex tractio n  of 
t r u th  from  a  m aze of conflicting and  often  dubious evidence, is sure to  go astray .

2. A d m it on absolutely equal footing these fo u r  working hypotheses: (a )  T he 
an c ien t levels re su lt from  eu sta tic  d rops of sea level. ( b) T h e  ancien t levels result 
from  uniform  u p lift of a large block of th e  e a r th ’s c ru st. (c) T h e  an c ien t w a ter
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F ig . S— C o rre la tio n  o f m ax im um  possib le  ran g es  (h eav y  v e r t ic a l lines) o f a n c ie n t w a te r  p lan es  fo r 
d iffe re n t m a rin e  fea tu re s , suggesting  e u s ta tic  low erings o f sea  lev e l or u n ifo rm  up lif ts  of a  la rg e  c ru s ta l 
b lock .

In  Figures 5, 6, and  7, the  heavy vertical lines show possible vertical ranges of w ater planes for 
d ifferent observed m arine features (terraces, bars, cliffs, e tc .). T he horizontal (Fig. 5) or inclined 
(Figs. 6 and  7) dashed lines show assumed correlations of these ranges.

levels m ay  be due to  differential w arp ing  of th e  e a r th ’s c ru st. (d ) T he ancien t 
levels m ay  resu lt from  a  com bination  of tw o, or even  of all th ree  of th e  above- 
m en tioned  causes.

3. E lim inate  fro m  consideration all but undoubted m arine form s. T h e  inclusion 
in  th e  evidence of doubtfu l features th a t  hap p en  to  “ fall in l in e ’1 w ith  previously 
de term ined  levels gives a false appearance  of s tren g th  to  a  th eo ry  w hich m ay  lead 
th e  in v es tig a to r fa r in th e  wrong direction.

4. Determine by accurate instrum ental methods the true elevation o f each undoubted 
m arine feature a t the greatest possible number o f points. A  basis of accu ra te ly  d e te r­
m ined facts is essential to  th e  solu tion  of th e  problem . S ligh t differences in elevation 
m ay  be of c ritica l v a lue  in de term in ing  th e  tru e  h is to ry  of shore form s.

5. From the data thus secured determine the fu l l  possible range o f the water plane 
fo r  every m arine feature at each individual locality, abso lu te ly  w ith o u t regard  to  o ther 
localities an d  w ith o u t regard  to  an y  presupposed a ltitu d e s  of such w a ter p lanes.

6. I n  m aking  the foregoing determ ination o f possible ranges o f water planes, 
give fu l l  consideration to every m arine feature, whether weakly or strongly developed. 
O m ission of a n y  fea tu re  deem ed u n im p o rtan t b y  th e  inv estig a to r in troduces in to  th e  
ana ly sis  th e  personal and  sub jective  e lem ent, pre judges th e  conclusion, an d  is 
a lm o st su re  to  falsify th e  resu lt. I t  is well know n th a t  th e  sam e shore fea tu re  m ay 
b e  poorly  developed in one place an d  s trong ly  developed in ano ther.

7. Correlate the ranges o f water planes thus determined, ra th e r  th an  th e  elevations 
of th e  terraces and  o ther m arine  form s. Unless th e  possible ranges of w a te r  planes, 
ra th e r  th a n  th e  actu al elevations of m arine  featu res, a re  correlated , th e  resu lt will 
n o t rep resen t full consideration  of all th e  possib ilities of th e  case an d  m ay  seriously 
fa lsify  th e  conclusions.

8. The correlation o f water planes envisaged above i s  to be made on a n y  one o f 
several principles:

(a ) C o n tin u ity  of planes. U n fo rtunate ly , except in special cases or fo r lim ited 
a reas, a  given w a te r  p lane can n o t be con tinuously  traced  for g reat d istances, because 
th e  m arine  featu res from  w hich th e  range of th e  w a ter p lane  is calcu la ted  are  th em ­
selves frag m en ta ry  an d  w idely dispersed.

( b) Id e n tity  of elevations. If th e  possible ranges of w a te r p lanes ap p ear su b ­
s ta n tia lly  iden tical over a g rea t expanse of te rr ito ry , as show n in F igure  5, differential 
w arp ing  would appear to  be e lim inated  an d  th e  probable in te rp re ta tio n s  reduced
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to  tw o: eusta tic  changes in sea level or un ifo rm  m ovem ent of a  large block of the 
e a r th ’s crust.

(c) R egularity  of spacing. T h e  possib le ranges of w a ter planes m ay  show 
regu larity  of spacing, involving id en tity  of spacing  w ith o u t id en tity  of elevation,

l í  . . p - p  H - i l -1 ' 1 b  I’ C "  ' 1 -  '

F ig .  6— C o rre la tio n  o f ran g es  of w a te r  p lan es  su g g es tin g  e u s ta tic  d ro p  of se a  level follow ed by 
u p w arp in g  of th e  land .
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F ig . 7— C orre la tio n  of ran g es  o f w a te r  p lan es  su g g es tin g  d iffe ren tia l upw arp in g s  of th e  la n d  w ith o u t 
ev idence  of e u s ta tic  changes  of s e a  level.

as in F igure  6. In  th is  case  differential w arp ing  would ap p ear to  be  dem onstra ted , 
preceded b y  eu sta tic  sh ifts  of sea level or th e  uniform  m ovem ent of a  large c ru sta l 
block. ■

On th e  o th er hand , th e  re g u la rity  of spacing  m ay  occur w ith o u t e ither id en tity  
of spacing o r id en tity  of elevation , as show n in F igure  7. In  th is  case eu sta tic  
sh ifts  of sea level would ap p ea r to  be e lim inated  o r rendered  in d eterm inate , while 
d ifferential w arping would be dem o n stra ted .

(d ) Irreg u la rity  of spacing, defying analysis, m ay  be th e  u ltim ate  resu lt. In  
th is  case it will be  difficult to  e lim inate  w ith  c e rta in ty  an y  one of th e  four working 
hypotheses m entioned above, y e t  equally  difficult to  prove th e  v a lid ity  of an y  one.

I I I .  A t t i t u d e  o f  A n c i e n t  S h o r e  L i n e s

W ith  respect to  th e  th ird  an d  inciden ta l ob jec t of th e  reconnaissance, it  is too 
early  a s  y e t to  give an  answ er to  th e  d isp u ted  question  as to  th e  a ttitu d e , horizon tal 
or inclined, of th e  ancien t shore  lines found along  th e  A tlan tic  coast of N o rth  Am erica. 
A t p resen t all th a t  can be said w ith  assurance is th a t  th e  s tud ies th u s  fa r m ade by 
different observers do n o t a p p ea r  to  us conclusive as to  th e  v a lid ity  of an y  theory  
respecting  correlation  an d  a tt i tu d e  of an cien t m arine  levels in A m erica. In  our 
opinion th e  question  is still an  open one.


