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A G U I D E  FOR THE SIGMA X I  FIELD TRIP  
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BY 

ROBERT N .  OLDALE 

INTRODUCTION 

T h i s  overview p r e s e n t s  a g e n e r a l i z e d  account of the geology 
of Cape Cod, demonstrated by s c e n i c  over looks  from the  Cape Cod 
Canal t o  the  Province lands  dunes. T h i s  g e n e r a l i z e d  approach i s  
necessary  because I have n o t  done f i e l d  work on the Cape s i n c e  
about  1972 and much of my work here was completed by 1967, 25 
y e a r s  ago. T h e  ou tc rops  s t u d i e d  i n  t h e  d i s t a n t  past  have no 
doubt changed g r e a t l y  o r  disappeared completely,  t he  r e s u l t  of  
sho re  e r o s i o n  and development. However, the  g e n e r a l  aspects of 
t h e  geology, s t r a t i g r a p h y ,  and geo log ic  h i s t o r y  remain r e l a t i v e l y  
unchanged, and can best be demonstrated from broad v i s t a s .  

Although t h e  complete geo log ic  h i s t o r y  of Cape Cod spans 
more t h a n  600 m i l l i o n  years, t h e  Cape Cod w e  w i l l  view today  has 
a much s h o r t e r  h i s t o r y .  T h i s  h i s t o r y  encompasses t h e  l a s t  
g l ac i a l  stage of t h e  ice age, the  Wisconsinan, and the p r e s e n t  
i n t e r g l a c i a l  stage,  the  Holocene. T h e  cape was i n i t i a l l y  shaped 
by t h e  Laurent ide  ice sheet, which formed i n  Canada about  7 5 , 0 0 0  
years ago. For much of i t s  e x i s t a n c e ,  t he  ice sheet remained 
n o r t h  of  N e w  England. About 25,000 y e a r s  ago the  Laurent ide  ice 
sheet advanced southward and reached the v i c i n i t y  of Cape Cod and 
t h e  I s l a n d s  a f e w  thousand y e a r s  l a t e r .  Retreat of  t h e  ice sheet 
fol lowed wi th in  a thousand years  o r  so ,  and the g l a c i a l  d e p o s i t s  
on Cape Cod were formed by 1 8 , 0 0 0  y e a r s  ago. 

T h e  next  great event  i n  t h e  geology and g e o l o g i c  h i s t o r y  of 
Cape Cod was the  submergence by the r i s i n g  sea. T h e  s ea - l eve l  
rise was the  r e s u l t  of water be ing  r e t u r n e d  t o  t h e  ocean b a s i n s  
from t h e  me l t ing  Laurent ide  ice sheet. I n i t i a l  submergence of 
Cape Cod probably occurred  about  8 , 0 0 0  y e a r s  ago and the 
development of t h e  s p i t s  and marshes about  4 , 0 0 0  t o  6 , 0 0 0  yea r s  
ago. Sea-level rise, upland e ros ion ,  and barrier i s l a n d  e r o s i o n  
and p rograda t ion  are the  most important  p r o c e s s e s  shaping Cape 
Cod today .  

T h e  geology and t h e  basic t h e  shape of Cape Cod was 
established by l o b a t i o n  of t h e  Laurent ide  ice sheet d u r i n g  i t s  
retreat .  T h e  lobes ,  from w e s t  t o  east ,  were t h e  Buzzards Bay 
lobe  t h a t  established t h e  arc  of t h e  E l i z a b e t h  I s l a n d s  and t h e  
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shape of t h e  e a s t e r n  shore  of  Buzzards Bay, the  Cape Cod Bay lobe  
t h a t  b u i l t  t h e  upper arm of t h e  cape, and the  South Channel lobe ,  
t h a t  occupied t h e  western Gul f  of Maine e a s t  of Cape Cod and 
shaped t h e  cape ' s  forearm. 

R e t r e a t  of t h e  lobes  was not  synchronous; t h e  Buzzards Bay 
lobe  r e t r e a t e d  f i r s t  and the  South Channel lobe,  l a s t .  A s  a 
r e s u l t ,  t h e  g l a c i a l  d e p o s i t s  on Cape Cod, i n  gene ra l ,  become 
younger towards t h e  e a s t  and t h e  youngest g l a c i a l  d e p o s i t s  occur  
on t h e  lower cape.  

Among the  e a r l i e s t  v i s i t o r s  t o  Cape Cod were Gosnold, i n  
1602 ,  Champlain i n  1605 and 1 6 0 6 ,  Hudson i n  1609,  and John Smi th  
i n  1 6 1 4 .  There i s  no evidence t h a t  t h e  Vikings were t h e  f i r s t  t o  
v i s i t ,  b u t  t hey  could have been. 
ended i n  v io l ence  between t h e  Ind ians  and Europeans, i nc lud ing  
k i l l i n g  and kidnaping.  T h e  P i lg r ims ,  i n  1 6 2 0 ,  f i r s t  landed a t  
t h e  t i p  of t h e  cape ,  They explored  a s  f a r  south  a s  Eastham where 
t h e i r  f i r s t  con tac t  w i t h  t he  Ind ians ,  a f i g h t ,  occur red .  During 
t h e  e x p e d i t i o n  t h e y  s t o l e  whatever Ind ian  posses s ions  t h e y  
wanted. Some n a t i v e s  and year  r o u n d e r s  may t h i n k  t h a t  the 
unhappy s i t u a t i o n  t h a t  e x i s t e d  between t h e  Ind ians  and Europeans 
has  a modern coun te rpa r t  when t h e  summer v i s i t o r s  invade Cape 
Cod. 

Many of  t h e s e  e a r l y  v i s i t s  

U .  S .  Geologica l  Survey map 1-1736 (Olda le  and Barlow, 
1 9 8 6 ) ,  a g e o l o g i c  map of Cape Cod and t h e  i s l a n d s ,  w i l l  be t h e  
major r e f e r e n c e  f o r  t he  f i e l d  t r i p .  The book Cape Cod and t h e  
I s l ands :  T h e  qeo loq ic  s t o r y  (Olda le ,  1992)  provides  an eas i ly  
understood account  of t h e  geology and g e o l o g i c  h i s t o r y  of t h e  
cape. A book le t  (Olda le ,  1 9 8 1 ) ,  c u r r e n t l y  be ing  r e p r i n t e d  b y  t h e  
U.S. Geologica l  Survey, provides  a s imple account of t h e  geo log ic  
h i s t o r y  of t he  cape. T h i s  f i e l d  guide i s  modif ied from an 
e a r l i e r  gu ide  w r i t t e n  f o r  t h e  American Qua te rna ry  Assoc ia t ion  
(Oldale ,  1988a) . 

ROUTE 6 CANAL OVERVIEW 

T h e  f i r s t  s t o p  of t h e  f i e l d  trip i s  on t h e  east end of t h e  
Sandwich moraine and i s  an overlook o f  t he  Cape Cod Canal.  T h e  
Sandwich moraine and Buzzards Bay moraine form t h e  so -ca l l ed  back 
bone of Cape Cod. T h e  Buzzards Bay moraine, no t  v i s i b l e  from 
t h i s  p o i n t ,  p a r a l l e l s  t h e  Buzzards Bay shore  and forms the 
Elizabeth I s l a n d s  cha in  southwest of  Woods Hole. A s h o r t  
d i s t a n c e  sou th  of the  cana l ,  t h e  Sandwich moraine d e p o s i t s  
o v e r l i e  t he  Buzzards Bay moraine d e p o s i t s  (Mather e t  a l . ,  1940,  
1 9 4 2 )  . 

T h e  cana l  i s  l o c a t e d  i n  a through v a l l e y  t h a t  was o r i g i n a l l y  
occupied by two s t reams,  t he  S c u s s e t t  River  t h a t  flowed n o r t h e a s t  
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i n t o  Cape Cod Bay and the  Monument or Manomet R i v e r  t h a t  flowed 
southwest i n t o  Buzzards Bay. T h e  divide between t h e  two s t reams 
was a t  an a l t i t u d e  of about  29 feet ( 9  m)  (Farson, 1977) . T h e  
through va l ley  i s  thought  t o  have formed as water from a g lac ia l  
lake i n  Cape Cod Bay escaped t o  t h e  Buzzards Bay valley.  T h e  
o u t l e t  may have had an i n i t i a l  a l t i t u d e  of about  80 feet ( 2 4  m ) ,  
about t h e  s u r f a c e  a l t i t u d e  of t h e  ear l ies t  deltas a s s o c i a t e d  w i t h  
t he  l a k e .  
level of t h e  lake. T h e  o u t l e t  was abandoned when lower outf low 
r o u t e s  developed as the  ice  retreated from Cape Cod Bay. 

Eros ion  lowered t h i s  t h r e s h o l d  and consequent ly  t h e  

T h e  through v a l l e y  and t h e  two rivers provided  an easy  
po r t age  between Cape Cod and Buzzards Bay. By 1627,  c o l o n i s t s  
had established a t r a d i n g  p o s t  i n  t h e  v a l l e y  for t r a d e  between 
t h e  Eng l i sh  sett lers of N e w  England and t h e  Dutch settlers of N e w  
Amsterdam. M i l e s  S t and i sh  of Alden and Mullens fame proposed a 
cana l  between Cape Cod Bay and Buzzards Bay t o  avo id  t h e  
dangerous s h o a l s  s o u t h e a s t  of t h e  cape (Farson, 1977) .  More than  
a century  la te r ,  a cana l  was proposed by George Washington, 
among o t h e r s ,  as a way t o  avoid  sea blockades such as t h o s e  
imposed by  t h e  B r i t i s h  d u r i n g  t h e  Revolut ionary War and t h e  War 
of 1812 .  A f t e r  numerous fa lse  s tar ts ,  by v a r i o u s  companies who 
were l i c e n s e d  b y  Massachuset ts  t o  d ig  t h e  cana l ,  t h e  cana l  was 
completed i n  1 9 1 4  by  a company headed by August Belmont--a feat 
commemorated by t h e  g l ac i a l  boulder  a t  t h i s  s i t e .  Following 
World War I ,  t h e  cana l  was bought by t h e  United States  and 
improved by t h e  U. S .  Army,Corps of Engineers  t o  what you now 
see. I t  i s  t h e  widest c a n a l  i n  t h e  world. 

EN ROUTE TO SCARGO HILL TOWER 

Route 6 runs  a long  t h e  crest of t h e  Sandwich moraine with 
Cape Cod Bay t o  t h e  n o r t h  and Vineyard and Nantucket Sounds t o  
t h e  sou th .  T h e  moraine c o n s i s t s  of a veneer  of till and boulders  
u n d e r l a i n  by s t r a t i f i ed  d r i f t ,  i n c l u d i n g  sand and gravel and 
rhy thmica l ly  bedded s i l t  and c l a y .  Both t h e  Sandwich moraine and 
t h e  Buzzards Bay moraine have been i n t e r p r e t e d  t o  be 
g l a c i o t e c t o n i c  f e a t u r e s  (Oldale and O'Hara, 1984) formed as t h e  
lobes  readvanced and t h r u s t  p r e v i o u s l y  d e p o s i t e d  d r i f t .  T h i s  
s t o p  i s  l o c a t e d  on t h e  crest of t h e  moraine. To t h e  sou th  of t h e  
moraine l i e  t h e  upper Cape outwash p l a i n s  and the kames a long  the  
Nantucket Sound shore .  T h e  kames a re  t h e  o l d e s t  s u r f i c i a l  
g lac ia l  d e p o s i t s  on Cape Cod. T h e  upper cape outwash p l a i n s  were 
d e p o s i t e d  by meltwater from t h e  Cape Cod Bay lobe .  
from w e s t  t o  east ,  t h e  Mashpee p i t t e d  p l a i n ,  t h e  Barns t ab le  
outwash p l a i n ,  and t h e  Harwich outwash p l a i n .  T h e  Mashpee and 
Barns t ab le  outwash p l a i n s  are o l d e r  t han  t h e  Sandwich moraine and 
t h e  Harwich outwash p l a i n  i s  younger t h a n  t h e  moraine. 

They are,  
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SCARGO HILL TOWER 

Scargo H i l l  tower i s  l o c a t e d  on one of two kames t h a t  r i s e  
s l i g h t l y  above t h e  Harwich outwash p l a i n ,  
l o c a t e d  between t h e  kames, t h e  Harwich outwash p l a i n ,  
Sandwich moraine and t h e  shore  a r e  in te rpre ted  t o  be ice-contac t  
d e l t a s  
l a k e .  
a l t i t u d e s  of about  60 fee t  ( 1 8  m)  whi le  t o  t h e  west, o l d e r  d e l t a s  
have a l t i t u d e s  of c l o s e r  t o  80  feet  ( 2 4  m ) .  
formed dur ing  t h e  e a r l i e s t  high s t a g e  of t h e  Cape Cod Bay l a k e .  
I n i t i a l l y ,  t h e  l a k e  was very narrow a s  t h e  ice p u l l e d  away from 
t h e  upper cape, bu t  it became a s i g n i f i c a n t  body of water  when 
t h e  l a r g e  outwash d e l t a s  developed on lower Cape Cod and along 
t h e  w e s t  shore  from Plymouth t o  Duxbury. 

G l a c i a l  d e p o s i t s  
and the  

The d e l t a s  a long  t h i s  p a r t  o f  t h e  shore  g e n e r a l l y  have 
and shal low water  sediments  of t h e  Cape Cod Bay g l a c i a l  

The l a t t e r  may have 

P o s t g l a c i a l  d e p o s i t s  i nc lud ing  s p i t s ,  beaches,  marshes, and 
dunes formed a s  t h e  Holocene r i s e  i n  s e a  l e v e l  drowned t h e  
g l a c i a l  cape.  Sandy Neck and t h e  Barns tab le  marshes can be seen 
t o  t h e  w e s t .  
ago, when s e a  l e v e l  was about 2 5  feet  ( 7 . 5  m )  below t h e  p r e s e n t  
l e v e l  (Redfield,  1965; Redf ie ld  and Rubin, 1962)  , Provincelands 
s p i t ,  seen a t  t h e  o u t e r  end of t h e  cape i f  it is  very  c l e a r ,  
s t a r t e d  t o  form about  6 , 0 0 0  yea r s  ago (Zeigler e t  a l ,  1965) . 

Both f e a t u r e s  began t o  develop about  4 , 0 0 0  yea r s  

EN ROUTE TO CHATHAM LIGHT 

On t h e  way t o  Chatham Ligh t  t h e  r o u t e  c r o s s e s  t h e  much 
co l l apsed  Harwich outwash p l a i n .  
and shal low v a l l e y s  i n t e r r u p t  t h e  outwash p l a i n ,  
l a r g e  k e t t l e  l a k e s  have bottoms w e l l  below p r e s e n t  s e a  l e v e l  and 
r e p r e s e n t  ice  b locks  as much a s  200  feet  (60 m)  t h i c k .  Val leys  
occur  on a l l  of t h e  cape outwash p l a i n s .  
many a r e  d r y .  They c r o s s  k e t t l e  h o l e s  and were t h u s  c u t  e a r l y ,  
b e f o r e  t h e  ice b locks  b u r i e d  b y  outwash melted. These v a l l e y s  
were probably c u t  no t  by g l a c i a l  mel twater  because they  do no t  
s t a r t  a t  t h e  i ce -con tac t  head, b u t  by  r a i n  water  and water  from 
mel t ing  snow be fo re  t h e  outwash plains became vegeta ted .  
Permafrost  could have prevented  t h e  s u r f a c e  water  from 
p e r c o l a t i n g  i n t o  t h e  sandy outwash p l a i n  d e p o s i t s .  However, 
there i s  no evidence of permafrost  and t h e  outwash d e p o s i t s  
themselves  provide  evidence f o r  abundant mel twater  and a 
temperate  c l ima te  du r ing  d e g l a c i a t i o n .  Robert  Thorson ( o r a l  
commun., 1 9 8 7 )  has suggested t h a t  an unvegetated o r  poor ly  
vege ta t ed  outwash p l a i n  s u r f a c e  may have been s u f f i c i e n t  t o  f avor  
runoff  over  p e r c o l a t i o n .  
ub iqu i tous  layer  of  wind  depos i t ed  s i l t y  sand t h a t  caps t h e  
coa r se r ,  more permeable, outwash sand and g r a v e l .  Spr ing  sapping 
has  a l s o  been suggested a s  an o r i g i n  f o r  t h e  v a l l e y s .  
t h i s  hypothes is  l a t e r .  

Large and smal l  k e t t l e  h o l e s  
Many of t h e  

They are r e l i c t  because 

Runoff may have been encouraged by  t h e  

More on 
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CHATHAM LIGHT 

Cape Cod i s  a dynamic environment and eve r  changing. 
dominant f a c t o r  i n  t h e  changing landscape i s  t h e  sea. 
cape i s  unpro tec ted  from wave a t t a c k ,  sea c l i f f s  have formed i n  
t h e  g l a c i a l  d e p o s i t s .  I n  places, barr ier  beaches p r o t e c t  the  
g l a c i a l  d e p o s i t s  from e r o s i o n .  However, the  p r o t e c t i o n  i s  
temporary as the b a r r i e r s  can change form or wash away, mostly 
du r ing  major s torms.  T h e  breach i n  t h i s  barr ier  w a s  first 
developed du r ing  a n o r t h e a s t  s torm i n  January 1987. 
con t inu ing  impact of t h e  s t i l l  widening breach i n c l u d e s  inc reased  
t i d a l  range and f low wi th in  the lagoon, s h o a l i n g  of t he  harbor  a s  
f l o o d - t i d a l  d e l t a s  develop,  and e r o s i o n  a long  the  mainland shore .  
Changes i n  t h e  barr ier  system p r o t e c t i n g  the  mainland from wave 
a t t a c k  appear  cyclic,  as does e ros ion  of t h e  mainland when 
changes i n  t h e  barr ier  system occur .  
t h e  barr ier  s y s t e m  and e ros ion  of the mainland t h a t  occur red  i n  
1851 i s  shown b y  t h e  i n a c t i v e  sea c l i f f  below Chatham L i g h t .  
During the  t i m e  the  Chatham shore  was exposed t o  wave attack, 
roads and houses were des t royed  and as much as 100 feet ( 3 0  m)  of 
c l i f f  r e t r e a t  occur red  (Leatherman, 1 9 8 8 ) .  T h e  e r o s i o n  fo l lowing  
t h e  l a t e s t  breach has claimed a number of houses and, u n l e s s  hard  
p r o t e c t i v e  measures a r e  taken,  w i l l  probably claim more. A 
l a i s s e z  fa i re  a t t i t u d e  p r e v a i l e d  f o r  a s h o r t  t i m e  a f t e r  t h e  
r e c e n t  break, b u t  a s  expensive l and  and houses began t o  go, t h a t  
changed. 
f o r  engineer ing  s t r u c t u r e s . t o  p r o t e c t  t h e  mainland shore  from 
wave a t t a c k  o r  t o  c l o s e  t h e  breach i n  t h e  barr ier .  

T h e  
Where t h e  

T h e  

Evidence of a breakdown i n  

The w i l l i n g n e s s  t o  l i v e  w i t h  n a t u r e  gave way t o  screams 

FORT HILL 

The g lac ia l  f e a t u r e s  seen from t h i s  s t o p  on were depos i t ed  
b y  t he  South Channel l obe .  
t h e  deeply embayed e a s t e r n  f l a n k  of t he  Harwich outwash p l a i n .  
T h e  large embayments, P l easan t  Bay and L i t t l e  P l e a s a n t  Bay, 
r e p r e s e n t  sublobes of South Channel ice, a g a i n s t  which t h e  Cape 
Cod Bay lobe  outwash was depos i t ed .  

From Chatham Light  t h e  r o u t e  c rossed  

F o r t  H i l l  over looks N a u s e t  Harbor, an embayment formed by a 
sublobe of South Channel ice. T h e  Nauset sublobe is thought  t o  
have been l a r g e r  i n i t i a l l y  and t o  have occupied t h e  s i t e  of t h e  
Eastham p l a i n .  
a c r o s s  t h e  harbor ,  t o  t h e  sou theas t ,  are t h e  Nauset Heights  ice- 
c o n t a c t  d e p o s i t s .  T h e  Nauset Heights d e p o s i t s  may be contempor- 
aneous w i t h ,  or somewhat younger than ,  the  Harwich outwash p l a i n  
d e p o s i t s  and a r e  t h e  o l d e s t  of t h e  South Channel l obe  u n i t s .  
Eastham p l a i n  d e p o s i t s  a r e  cons idered  t o  be the  youngest South 
Channel l obe  outwash u n i t .  

F o r t  H i l l  i s  par t  of t h e  E a s t h a m  p l a i n  and 

T h e  
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Nauset Harbor i s  bordered  on three sides by sea c l i f f s  c u t  
i n t o  t h e  g l a c i a l  d r i f t .  T h e  c l i f f  e r o s i o n  may have occurred  
b e f o r e  t he  bar r ie r  s p i t  formed o r  when the  embayment was much 
larger  and t h e  mudf la t s  and marshes had n o t  y e t  developed. The 
embayment i s  the r e s u l t  of t h e  Nauset sublobe and was h e r e  when 
t h e  sea t r a n s g r e s s e d ;  t h e  c l i f f s  may o r i g i n a l l y  have been ice- 
c o n t a c t  s l o p e s  t h a t  were l a t e r  modified by wave e r o s i o n .  The 
opening i n  t h e  ba r r i e r  i s  p r e s e n t l y  mig ra t ing  northward and t h e  
southern  s p i t  i s  about  1 /2  mile ( - 8  km) l o n g e r  t h a n  it was i n  
1962. Nauset Harbor s p i t  changed g r e a t l y  i n  t h e  1978 February 
storm. Previous  t o  t h e  storm, dunes up t o  4 0  fee t  (12  m )  h igh  
occupied t h e  s p i t  n o r t h  of t h e  i n l e t .  

Samuel de Champlain v i s i t e d  Nauset Harbor and made t h e  f i rs t  
map of t h e  reg ion  i n  1605 .  The map shows t h e  headlands and 
bar r ie r  s p i t s  up t o  a m i l e  seaward of  t h e i r  p r e s e n t  p o s i t i o n .  
T h e  d i s t r i b u t i o n  of t he  marsh and sand f l a t s  on t h e  map i s  
remarkably s imi la r  t o  t h e  p r e s e n t  d i s t r i b u t i o n .  

MARCONI S I T E  

T h i s  i s  t h e  s i t e  from which t h e  f i rs t  t r a n s a t l a n t i c  wireless 
t r ansmiss ion  between t h e  United S t a t e s  and Europe was made i n  
1 9 0 3 .  Offshore i s  t h e  s i t e  of t h e  p i r a t e  s h i p  Whydah, wrecked i n  
a storm i n  1717 and now be ing  excavated. T h e  s h i p ' s  b e l l ,  
cannon, gold,  s i lver ,  and o t h e r  a r t i f a c t s  have been found. The 
presence  of t h e  Whydah probably e x p l a i n s  t h e  g o l d  c o i n s  
o c c a s i o n a l l y  found i n  t h e  beach d e p o s i t s  a long  t h i s  shore .  

Geologica l ly  t h e  Marconi s i t e  i s  l o c a t e d  a t  t h e  southern  end 
of t h e  Wellfleet outwash p l a i n  d e p o s i t s ,  t h e  largest  and next  t o  
o l d e s t  of t h e  South Channel l obe  d r i f t  u n i t s .  I ts  southern  f l a n k  
was depos i t ed  a g a i n s t  t h e  Nauset sublobe. Following t h e  retreat 
of t h e  sublobe, t h e  Eastham outwash p l a i n  was d e p o s i t e d  a g a i n s t  
t h e  ice-contac t  s l o p e  of t h e  W e l l f l e e t  p l a i n .  The d i f f e r e n c e  i n  
e l e v a t i o n  between the  p l a i n s  and t h e  g e n e r a l  w e s t e r l y  s l o p e  of 
t h e  outwash p l a i n  s u r f a c e s  can be c l e a r l y  seen .  The l a t t e r  
unequivoca l ly  es tabl ishes  t h e  presence  of ice  t o  t h e  east and i s  
t h e  primary evidence f o r  ice  i n  t he  Gulf of Maine du r ing  l a t e  
Wisconsinan t i m e ,  a p o i n t  t h a t  advocates  of t h e  l a t e  Wisconsinan 
minimal ice sheet model need t o  be reminded of p e r i o d i c a l l y .  

T h e  great c l i f f  a long  the  "back side" of "lower" Cape Cod, 
l o c a l  terms t h a t  mean "out  back" and "nor theas t "  (as i n  downwind 
t o  Maine), demonstrates  d r a m a t i c a l l y  t h e  e r o s i o n  t h a t  w i l l  
e v e n t u a l l y  reduce t h e  cape t o  a ser ies  of low i s l a n d s  and broad 
sand s h o a l s .  Erosion a long  t h i s  shore,  a l though s p o r a d i c  and 
l o c a l  i n  na tu re ,  averages about 3 feet /year  (1 m/year ) .  T h e  
eroded material  i s  t r a n s p o r t e d ,  b y  longshore d r i f t ,  southward t o  
nour i sh  t h e  ba r r i e r s  from Eastham t o  Chatham and northward t o  
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b u i l d  t h e  Provincelands s p i t .  Major e r o s i o n  a long  the east  shore  
of t h e  cape and the  southwest  and w e s t  shore  of Cape Cod Bay 
occurs  mostly du r ing  seve re  win te r  n o r t h e a s t  s torms .  I n  
c o n t r a s t ,  major e r o s i o n  a long  the sou th  shore  and t h e  Buzzards 
Bay sho re  occurs  du r ing  summer and f a l l  h u r r i c a n e s .  

PAMET VALLEY 

Route 6 c r o s s e s  a number of large d r y  v a l l e y s  eroded i n t o  
the Wellfleet outwash p l a i n .  T h e  v a l l e y s  i n  t h e  Wellfleet 
outwash p l a i n ,  called hol lows,  a r e  probably the l a r g e  end member 
of  a l l  t h e  outwash p l a i n  v a l l e y s .  Within t he  Wellfleet p l a i n ,  
t h e y  r e p r e s e n t  s i g n i f i c a n t  e ros ion ,  which occurred  s h o r t l y  a f t e r  
the  p l a i n  was b u i l t .  

T h e  Pamet i s  t h e  l a r g e s t  outwash p l a i n  v a l l e y  on Cape Cod. 
I f  no t  blocked by  beach and dune on t h e  A t l a n t i c  end, t h e  Pamet 
River  would be a seaway, completely s e p a r a t i n g  t h e  lower cape 
i n t o  two p a r t s  and making t h e  no r the rn  p a r t  an i s l a n d .  I n  
a d d i t i o n ,  u n l i k e  a l l  the  o t h e r  v a l l e y s ,  t h e  g l a c i a l  d r i f t  f l o o r  
of t h i s  v a l l e y  i s  w e l l  below sea level over  i t s  e n t i r e  l eng th .  

T h e  v a l l e y s  were probably c u t  s h o r t l y  a f t e r  t h e  outwash 
p l a i n  s u r f a c e  became i n a c t i v e .  C l e a r l y  t h e y  were c u t  b e f o r e  t h e  
k e t t l e  h o l e s  developed and.when base l e v e l  was below p r e s e n t  sea 
l e v e l .  The o r i g i n  of t h e  dry  v a l l e y s  i s  not  c e r t a i n .  Hypotheses 
invo lv ing  permafrost ,  t o  change t h e  pe rmeab i l i t y  of t h e  outwash 
d e p o s i t s ,  o r  a l a c k  of v e g e t a t i o n  t h a t  would encourage runoff  a r e  
p o s s i b i l i t i e s .  However, t h e  hypothes is  I f a v o r  t h e  most involves  
s p r i n g  sapping.  Under t h i s  s cena r io ,  t h e  outwash p l a i n s  would 
act  as leakey dams hold ing  back g lac ia l  lakes with a l t i t u d e s  
cons ide rab ly  above p r e s e n t  sea level .  The l a k e s  would raise t h e  
water table  w e l l  above i t s  p r e s e n t  l e v e l  and s p r i n g s  would 
breakout  p a r t  of t h e  way down t h e  outwash p l a i n .  Spr ing  sapping 
would cause headward e r o s i o n  t o  form t h e  v a l l e y s .  

A t  f irst ,  t h e  Pamet probably had a h i s t o r y  s imilar  t o  t h e  
o t h e r  dry  valleys,  t h a t  i s  headward e r o s i o n  b y  s p r i n g  sapping.  
However, f i n a l  c u t t i n g  of t h i s  l a r g e  and deep v a l l e y  may have 
been c a t a s t r o p h i c .  I hypothes ize  t h a t  headward e r o s i o n  caused 
the v a l l e y  t o  breach t h e  outwash p l a i n  dam. The g lac ia l  lake 
d r a i n e d  r a p i d l y  and the rush ing  water widened and deepened t h e  
val ley . 

Where the d r y  v a l l e y s ,  called hollows on lower Cape Cod, 
i n t e r r u p t  t h e  g r e a t  c l i f f ,  t h e y  provide  access t o  t h e  beach. 
They were a v i t a l  means of escape f o r  s a i l o r s  s t r a n d e d  on the  
beach and a l s o  made it easier f o r  wreckers t o  save l i v e s  and t h e n  
scavenge the  wrecks.  
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HIGHLAND L I G H T  

One o f  t h e  e a r l y  c l a s s i c  Qua te rna ry  s e c t i o n s  i n  N e w  England 
i s  exposed i n  t he  c l i f f s  be low t h e  l i gh thouse .  
c o n s i s t s  o f  g rave l  o v e r l a i n  by rhy thmica l ly  lamina ted  c l a y  capped 
by f i n e  sand. 
provide  evidence of a g l a c i a l  l ake  t o  t h e  e a s t  of lower Cape Cod, 
perhaps t h e  one t h a t  may have d r a i n e d  through t h e  Pamet Val ley .  
T h e  beds were c o r r e l a t e d  t o  t he  pre-Wisconsinan s t r a t i g r a p h y  of 
Long I s l a n d  and Martha's  Vineyard by F u l l e r  ( 1 9 1 4 )  and Woodworth 
and Wigglesworth (1934) .  Ze ig l e r  cons ide red  t h e  Highland p l a i n  
d e p o s i t s  t o  be e a r l y  Wisconsinan i n  age ( Z e i g l e r  e t  a l . ,  1 9 6 4 ) .  
These age assignments  and r e g i o n a l  c o r r e l a t i o n s  a r e  no longer  
cons ide red  v a l i d  because t h e  u n i t s  exposed i n  t h e  c l i f f  a r e  quite 
res t r ic ted and o v e r l i e  t h e  Wellfleet p l a i n  d e p o s i t s .  
d e p o s i t s  a r e  now infer red  t o  be g l a c i o l a c u s t r i n e  i n  o r i g i n ,  l a i d  
down i n  a g l a c i a l  l ake ,  u n r e l a t e d  t o  t h e  Cape Cod Bay l ake ,  t h a t  
developed between t h e  Cape Cod Bay and South Channel l obes  and 
t h e  i ce -con tac t  f l a n k  o f  t he  Wellfleet p l a i n .  

T h e  s e c t i o n  

These l a t t e r  t w o  d e p o s i t s  a r e  l a c u s t r i n e  and 

The 

Three l a t e  Wisconsinan outwash p l a i n s  can be seen  from t h i s  
overlook.  W e  a r e  s t and ing  on t h e  s u r f a c e  of t h e  l a k e  d e p o s i t s  
t h a t  form t h e  Highland p l a i n .  T h e  i ce -con tac t  s l o p e  of t he  h ighe r  
Wellfleet p l a i n  can be seen t o  t h e  s o u t h  marked by the  g r a n i t e  
t o w e r ,  a memorial t o  Jenny L ind ,  a famous Gay N i n e t i e s  song b i r d .  
T o  t h e  n o r t h  i s  t h e  lower Truro p l a i n .  T h e  W e l l f l e e t  and Truro 
p l a i n s  were formed a s  d e l t a s ,  graded t o  d i f f e r e n t  l e v e l s  of t he  
Cape Cod Bay g l a c i a l  l a k e .  The Wellfleet p l a i n  i s  the  o l d e s t  and 
t h e  T r u r o  p l a i n  i s  next  t o  t h e  youngest f e a t u r e  r e l a t e d  t o  t h e  
l a k e .  T h e  Eastham p l a i n ,  t o  t h e  sou th  o f  t h e  Wel l f l ee t  p l a i n ,  i s  
cons idered  t o  be t h e  youngest because,  above sea  l e v e l ,  i t s  
d e p o s i t s  a r e  e n t i r e l y  f l u v i a l  and t h e  p l a i n  was graded t o  a lower 
and, most l i k e l y ,  younger l e v e l  o f  t h e  l a k e .  

Highland Light  i s  t h e  most powerful l i g h t  on t h e  N e w  England 
c o a s t  and can be seen  from more than  20 miles (32 km) a t  s ea .  
The l i g h t  i s  t h r e a t e n e d  by  t h e  r e t r e a t  o f  t h e  c l i f f  which, i n  t h e  
l a s t  1 0  years ,  has  averaged about f i v e  feet  (1.5 m )  p e r  year  
(Leatherman, 1 9 8 8 ) .  T h e  r e t r e a t  i s  f a c i l i t a t e d  by l a n d s l i d e s  i n  
t h e  l ake  c l a y  and o v e r l y i n g  sand.  

PROVINCELANDS V I S I T O R  CENTER 

T h e  r o u t e  from Highland Light  t o  t h e  f i n a l  overview l eaves  
t h e  g l a c i a l  cape a t  High Head. 
P i l g r i m  Lake i s  a s e a  c l i f f  t h a t  was eroded i n  t h e  g l a c i a l  d r i f t  
before t h e  Province lands  s p i t  was formed. 
Lake, a lagoon now a r t i f i c i a l l y  closed from t h e  sea ,  t he  dune 
sand i s  bury ing  trees and encroaching on the  road.  
be removed t o  keep t h e  road open. 

T h e  s c a r p  j u s t  t o  t h e  east of 

J u s t  beyond P i lg r im 

T h e  sand must 
Dark l a y e r s  w i th in  t h e  dune 
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sand  are old s o i l  hor izons .  T h e  beach and dune d e p o s i t s  of  the 
Province lands  rest  on l a t e  Wisconsinan s t r a t a  d e p o s i t e d  i n  t h e  
sea d u r i n g  the f i n a l  re t reat  of  the  ice.  T h e  marine d e p o s i t s  are 
i n  par t  e q u i v a l e n t  t o  t h e  g lac iomar ine  mud tha t  c rops  o u t  above 
sea level a long  the N e w  England c o a s t  from Boston northward. They 
i n d i c a t e  t h a t  d u r i n g  t h e  f i n a l  stages of  ice re t reat  from t h e  
v i c i n i t y  of  Cape Cod, the  c r u s t  was i s o s t a t i c a l l y  depressed below 
t h e  l a t e  Wisconsinan low sea level  (Oldale, 1988b) .  As a r e s u l t ,  
t h e  sea level  h i s t o r y  of  lower Cape Cod i s  complex and inc ludes  a 
t r a n s g r e s s i o n  fol lowed by r e g r e s s i o n  d u r i n g  la tes t  Wisconsinan 
t i m e .  
a f te r  about  1 1 . 0  ka.  
6 , 0 0 0  yea r s  ago as t h e  sea t r a n s g r e s s e d  t h e  g lac ia l  cape. T h e  
longshore c u r r e n t  carried sand eroded from the g lac ia l  d e p o s i t s  
northward and westward i n t o  deep water o f f  t h e ' t i p  of  the  g l ac i a l  
cape t o  form a recurved s p i t .  As sea level  rose ,  new s p i t s  were 
developed a long  the  A t l a n t i c  shore ,  each one r ecu rv ing  toward 
Cape Cod Bay (Zeigler e t  a l . ,  1965) .  T h e  o l d e s t  beach d e p o s i t s  
occur  a long  t h e  Cape Cod Bay shore  and t h e y  become p r o g r e s s i v e l y  
younger toward the  A t l a n t i c  Ocean. A s  the  barr ier  beach grew 
toward t h e  A t l a n t i c  Ocean, e r o s i o n  a long  the Cape Cod Bay side 
has removed, a t  l eas t  i n  par t ,  t h e  o l d e s t  spits. Wind e r o s i o n  
and d e p o s i t i o n  con t inue  t o  move and modify the dunes and, except  
f o r  the  foredune a long  t h e  A t l a n t i c  shore ,  the  dunes may be 
u n r e l a t e d  i n  age t o  the beach d e p o s i t s  benea th  them. 

T h e  Holocene t r a n s g r e s s i o n  may n o t  have started u n t i l  
T h e  Provincelands s p i t  began t o  form about 

Although Cape Cod i s  a f rag i le  land,  i t s  a b i l i t y  t o  a d j u s t  
t o  sea-level r ise i s  w e l l  shown by t h e  developing  s p i t s  and 
s h o a l s .  I f  sea l e v e l  con t inues  t o  r ise,  Cape Cod may persist  i n  
some form long  a f t e r  t h e  rock-bound c o a s t  of  N e w  England and i t s  
p o r t  c i t i es  are drowned. 
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ROAD LOG 

Cape Cod can be approached i n  several ways. From 
Amherst, t he  Massachuset ts  Turnpike connec ts  w i t h  1-495 
south ,  which ends a t  U .  S .  Route 6, t h e  bas ic  r o u t e  f o r  t h e  
t r i p .  From t h e  Boston area,  there a re  two ways t o  reach t h e  
cape. Route 128, t h e  c i r c u m f e r e n t i a l  highway around Boston, 
connects  w i th  Route 2 4 ,  which connects  wi th  1-495/Route 25 .  
Route 28 a l s o  connec ts  w i t h  Route 3 which connec ts  wi th  
Route 6 a t  t he  Cape Cod Canal .  ROUTE 6 CANAL OVERVIEW The 
overview is  eas t  of  Route I-495/25, about 2 .0  miles, and 
w e s t  of Route 3, about  1 . 7  miles. From Route 1-495 it is  
t h e  t h i r d  p u l l o f f  on t h e  r i g h t  and from Route 3 it i s  t h e  
second p u l l o f f  on t h e  l e f t .  

Leaving the  Route 6 cana l  overview, t u r n  eas t  on Route 
6 .  Continue east  on Route 6 t o  Union Street ( e x i t  8 ) .  Turn 
n o r t h  on Union Street  t o  Route 6A i n  Yarmouth. Turn east  on 
6A. A t  t h e  cemetery i n  Dennis ( i t s  on t h e  r i g h t )  t u r n  r i g h t  
on to  Scargo H i l l  Road. 
Road bears l e f t  a t  t h e  f o r k  w i t h  O l d  B a s s  River Road. 
SCARGO HILL TOWER Continue on Scargo H i l l  Road t o  a l e f t  
t u r n  t h a t  goes t o  Scargo H i l l  tower (S top  3 ) .  C l i m b  the  
tower f o r  t h i s  overview. 

S h o r t l y  a f t e r  t h e  t u r n  Scargo H i l l  

Return t o  Scargo H i l l  Road and t u r n  l e f t .  Continue 
e a s t  on Route 6A t o  B r e w s t e r .  I n  B r e w s t e r ,  t u r n  r i g h t  on to  
Route 137 .  A t  Route 28 ,  t u r n  l e f t  and con t inue  on t o  
Chatham. A t  the  r o t a r y ,  t a k e  Main Street t o  where it takes  
a sharp l e f t .  Turn r i g h t  t o  Chatham Ligh t .  CHATHAM LIGHT 

Go n o r t h  on Shore Road and Route 28  t o  Orleans,  where 
Route 28  j o i n s  Route 6A. Continue northward t o  t h e  Eastham 
r o t a r y .  Take Route 6 n o r t h  t o  Governor Prence Road, a l e f t  
f o r k .  Turn r i g h t  on to  F o r t  H i l l  Road t o  F o r t  H i l l  overview. 
FORT HILL 

Return t o  Route 6 and t u r n  r i g h t .  Continue on t h e  
e n t r a n c e  road  f o r  t h e  Cape Cod Nat iona l  Seashore 
headquar t e r s .  Turn r i g h t  and c a r e f u l l y  fo l low s i g n s  f o r  t he  
Marconi s i t e .  MARCON1 S I T E  

Return t o  Route 6 and cont inue  n o r t h .  T h e  road  drops 
down i n t o  t h e  Pamet River V a l l e y .  Take Truro e x i t .  PAMET 
VALLEY 

Return t o  Route 6 and cont inue  n o r t h .  Turn r i g h t  onto 
South Highland Road t o  t h e  Highland Light  Road and Highland 
L i g h t .  HIGHLAND LIGHT 

Return t o  Route 6 b y  t a k i n g  a r i g h t  on t o  South 
Highland Road and a l e f t  on to  Highland Road. Turn n o r t h  on 
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Route 6 .  A t  High Head, t h e  road c r o s s e s  from g l a c i a l  
d e p o s i t s  t o  t h e  d e p o s i t s  o f  t h e  Provincelands s p i t .  
Cont inue northward t o  Po in t  Road. Turn r i g h t  i n t o  t h e  
Province lands  V i s i t o r  Center .  PROVINCELANDS VISITOR CENTER 

To l e a v e  Cape Cod, r e t u r n  t o  Route 6 and t u r n  l e f t .  
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DISTANCES BETWEEN MAJOR P O I N T S  . 

M i l e s  

Canal overview t o  S h o o t f l y i n g  H i l l  1 5 . 0  

S h o o t f l y i n g  H i l l  t o  Union Street 7.3 

Union Street t o  Route 6 A 1 . 4  

Route 6A t o  Scargo H i l l  Road 3.5 

Route 6A/ScargoHill  Road i n t e r s e c t i o n  t o  Scargo H i l l  1 . 0  

Scargo H i l l  Road/Route 6A i n t e r s e c t i o n  t o  Route 137 4.6 

Route 137 t o  Route 28 7.2 

Route 28 t o  Main Street, Chatham 3 .3  

Shore Road, Chatham/Route 28 i n t e r s e c t i o n  t o  Eastham Rotary 9.2 

Eastham Rotary to Governor Prence  Road 1 . 4  

Governor Prence  Road t o  P a r k  Headquar te rs  Road 6.5 

Pa rk  Headquaters  Road/Route 6 i n t e r s e c t i o n  t o  Pamet  Bridge 7.6 

Pamet  Bridge t o  South Highland Road 2.5 

Highland Road/Route 6 i n t e r s e c t i o n  t o  High Head 1 . 9  

High Head t o  P o i n t  Road 4 . 5  
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