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S u p p l e m e n t a r y  T e x t  

R e t r o d i c t i o n  o f  P a l e o g e o g r a p h y  

R e t r o d i c t i o n  o f  t h e  p a l e o g e o g r a p h y  r e q u i r e s  k n o w l e d g e  o f  t h e  f u l l  s u i t e  o f  

c o n t r i b u t o r s  t h a t  h a v e  i m p a c t e d  s u r f a c e  e l e v a t i o n s  b e t w e e n  t h e  P r e s e n t  a n d  a n y  t i m e  i n  

t h e  p a s t .  T h e s e  w o u l d  i n c l u d e ,  b u t  a r e  p r o b a b l y  n o t  l i m i t e d  t o ,  t h e r m a l  s u b s i d e n c e ,  

s e d i m e n t  l o a d i n g ,  f l e x u r a l  l o a d i n g ,  e r o s i o n - r e l a t e d  f l e x u r a l  u n l o a d i n g ,  d i s s o l u t i o n  o f  

c a r b o n a t e s  o r  s a l t s ,  t o g e t h e r  w i t h  g l a c i a l  i s o s t a t i c  a d j u s t m e n t  a n d  c h a n g e s  i n  d y n a m i c  

t o p o g r a p h y  t h a t  w e r e  i n c o r p o r a t e d  i n  F i g u r e  3  o f  t h e  m a i n  t e x t .  I n  t h i s  S u p p l e m e n t ,  w e  

p r o v i d e  e s t i m a t e s  o f  t h e  c o n t r i b u t i o n s  a s s o c i a t e d  w i t h  f l e x u r a l  l o a d i n g  a n d  u n l o a d i n g ,  

p r e s e n t  d y n a m i c  t o p o g r a p h y  e s t i m a t e s  r e l a t e d  t o  c o m b i n a t i o n s  o f  t h e  j o i n t  s e i s m i c -

g e o d y n a m i c  t o m o g r a p h y  i n v e r s i o n s  a n d  v i s c o s i t y  m o d e l s  V 1  a n d  V 2  ( s e e  b e l o w ) ,  a n d  

G I A .  W e  j u d g e  t h e  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  t h e  f l e x u r a l  c a l c u l a t i o n s  t o  b e  

s u f f i c i e n t l y  l a r g e  t o  n o t  w a r r a n t  i n c o r p o r a t i n g  t h e m  i n  o u r  c u r r e n t  r e t r o d i c t i o n s  o f  t h e  

p a l e o g e o g r a p h y .   

D y n a m i c  T o p o g r a p h y  C h a n g e  S i n c e  3 M a  

F o u r  d i f f e r e n t  e s t i m a t e s  o f  d y n a m i c  t o p o g r a p h y  c h a n g e  a r e  p r e s e n t e d  i n  F i g u r e  S 1 .  

T h e s e  r e p r e s e n t  t h e  c o m b i n a t i o n s  o f  t w o  j o i n t  s e i s m i c - g e o d y n a m i c  t o m o g r a p h y  

i n v e r s i o n s ,  t h e  3 - D  m a n t l e  m o d e l s  T X 2 0 0 7  ( 3 3 )  a n d  T X 2 0 0 8  ( 3 4 ) ,  a n d  t w o  d i f f e r e n t  

m o d e l s  o f  v i s c o s i t y  w i t h  d e p t h  ( 1 0 ,  3 2 ) ,  l a b e l e d  V 1  a n d  V 2  i n  t h e  m a i n  t e x t .  T h e s e  f i e l d s  

a r e  o v e r l a i n  o n  t h e  E T O P O 1 - d e r i v e d  t o p o g r a p h y  o f  t h e  m i d - P l i o c e n e  m a r i n e  f l o o d i n g  

s u r f a c e  t o g e t h e r  w i t h  t h e  l o c a t i o n  o f  t h e  O r a n g e b u r g ,  T r a i l  R i d g e  ( T R ) ,  C h i p p e n h a m  

( C S ) ,  a n d  T h o r n b u r g  ( T S )  S c a r p s ,  a n d  t h e  F a l l  Z o n e .  N o t e  t h a t  a l l  f o u r  e s t i m a t e s  p l a c e  a  

m a x i m u m  u p l i f t  i n  t h e  v i c i n i t y  o f  C h e s a p e a k e  B a y  w h e r e  t h e  s u r f a c e  i s  m o s t  i n t e n s e l y  

i n c i s e d .  T h e  t o t a l  c h a n g e s  i n  d y n a m i c  t o p o g r a p h y  ( F i g u r e  S 1 )  a r e  c h a r a c t e r i z e d  b y  a  

f u n d a m e n t a l l y  n o n - l i n e a r  s p a t i o - t e m p o r a l  e v o l u t i o n  t h a t  r e s u l t s  f r o m  t h e  c o m b i n e d  n o n -

l i n e a r i t y  o f  t h e  t i m e - d e p e n d e n c e  o f  3 - D  b u o y a n c y  i n  t h e  m a n t l e  a n d  t h e  " a d v e c t i o n "  o f  

t h e  t o p o g r a p h y  s i g n a l  d u e  t o  h o r i z o n t a l  m o t i o n  o f  t h e  o v e r l y i n g  N o r t h  A m e r i c a n  p l a t e .   

T y p e  o r  p a s t e  t e x t  h e r e .  T h i s  s h o u l d  b e  a d d i t i o n a l  e x p l a n a t o r y  t e x t ,  s u c h  a s :  e x t e n d e d  

t e c h n i c a l  d e s c r i p t i o n s  o f  r e s u l t s ,  f u l l  d e t a i l s  o f  m a t h e m a t i c a l  m o d e l s ,  e x t e n d e d  l i s t s  o f  

a c k n o w l e d g e m e n t s  e t c .   I t  s h o u l d  n o t  b e  a d d i t i o n a l  d i s c u s s i o n ,  a n a l y s i s ,  i n t e r p r e t a t i o n  o r  

c r i t i q u e .   K e e p  t h i s  f o r m a t t i n g  o r  s t y l e  a s  S M  t e x t .   

 

I m p o r t a n c e  o f  h o t ,  b u o y a n t  m a n t l e  u n d e r  t h e  e a s t e r n  U S  

T h e  d y n a m i c a l  i m p o r t a n c e  o f  h o t  b u o y a n t  m a t e r i a l  u n d e r  t h e  e a s t e r n  U . S .  w a s  f i r s t  

m a d e  e v i d e n t  i n  p r e v i o u s  c a l c u l a t i o n s  ( 1 5 )  t h a t  f o c u s e d  o n  t h e  i m p a c t  o f  F a r a l l o n  

s u b d u c t i o n  u n d e r  t h e  c e n t r a l  U S ,  w h e r e  s h a l l o w - a n g l e  u p w e l l i n g  m a n t l e  u n d e r  t h e  e a s t  

c o a s t  r e s e m b l e s  'c o r n e r  f l o w '  a b o v e  t h e  s u b d u c t i n g  s l a b  ( s e e  a l s o  F i g u r e  S 2 ) .  H o w e v e r ,  

w e  e m p h a s i z e  t h a t  t h i s  d o e s  n o t  a p p e a r  t o  b e  p a s s i v e  r e t u r n  f l o w ,  b e c a u s e  w e  f i n d  a  

s o u r c e  o f  d e e p  b u o y a n c y  u n d e r  t h e  A t l a n t i c  m a n t l e  a d j a c e n t  t o  t h e  U S  c o a s t a l  m a r g i n  t h a t  

e x t e n d s  t o  t h e  B e r m u d a  s w e l l  ( s e e  F i g u r e  4 a  i n  R e f .  ( 1 5 ) ) .  A s  w e  n e x t  d e m o n s t r a t e ,  t h i s  

w e s t w a r d  t r a n s p o r t  o f  u p p e r - m a n t l e  b u o y a n c y  u n d e r  t h e  e a s t e r n  U . S .  ( F i g u r e  S 2 )  i s  a n  

i m p o r t a n t  c o n t r i b u t o r  t o  t h e  d y n a m i c  t o p o g r a p h y .   

T o  e l u c i d a t e  t h e  d y n a m i c a l  i m p o r t a n c e  o f  u p p e r - m a n t l e  b u o y a n c y  f o r  t h e  e v o l u t i o n  

o f  e a s t  c o a s t  t o p o g r a p h y ,  w e  c a l c u l a t e d  t h e  p r e s e n t - d a y  d y n a m i c  t o p o g r a p h y  d u e  o n l y  t o  

h o t t e r - t h a n - a v e r a g e  m a t e r i a l  i n  t h e  u p p e r  m a n t l e  u n d e r  t h e  A t l a n t i c  O c e a n  ( F i g u r e  S 3 ) .  
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T h e  m a n t l e  ' s w e l l '  d u e  t o  b u o y a n c y  t h a t  i s  c e n t e r e d  u n d e r  B e r m u d a  e x t e n d s  a  

c o n s i d e r a b l e  d i s t a n c e  w e s t w a r d ,  t o w a r d s  t h e  e a s t e r n  m a r g i n  o f  t h e  U S .  T h i s  h o t ,  b u o y a n t  

m a t e r i a l  i s  b e i n g  a d v e c t e d  w e s t w a r d s  ( a n d  u p w a r d s )  b y  t h e  p r e v a i l i n g  m a n t l e  c i r c u l a t i o n  

( F i g u r e  S 2 ) .  A s  a  c o n s e q u e n c e ,  t h e r e  w i l l  b e  a  p r o g r e s s i v e  ' w a v e '  o f  t o p o g r a p h i c  u p l i f t ,  

a s s o c i a t e d  w i t h  t h e  w e s t w a r d  t r a n s p o r t  o f  t h e  t o p o g r a p h y  s i g n a l  i n  F i g u r e  S 3 ,  t h a t  

p r o d u c e s  t h e  v a r i a b l e  p o s t - P l i o c e n e  u p l i f t  s h o w n  i n  F i g u r e s  S 1 a - d . 

R e t r o d i c t e d  P a l e o g e o g r a p h y  a t  3  M a   

T h e  f o u r  d i f f e r e n t  e s t i m a t e s  o f  d y n a m i c  t o p o g r a p h y  c h a n g e  p r e s e n t e d  i n  F i g u r e  S 1  

t o g e t h e r  w i t h  t h e  G I A  c o r r e c t i o n  s h o w n  i n  F i g u r e  1  o f  t h e  m a i n  t e x t  y i e l d  f o u r  e s t i m a t e s  

o f  t h e  p a l e o g e o g r a p h y  o f  t h e  e a s t e r n  s e a b o a r d  a t  3  M a ,  w i t h  a n  a d d i t i o n a l  p a r a m e t e r  

b e i n g  t h e  h e i g h t  o f  s e a  l e v e l  a t  3  M a  r e l a t i v e  t o  P r e s e n t .  F i g u r e  S 4 a  s h o w s  t h e  r e t r o d i c t e d  

p a l e o g e o g r a p h y  a p p l y i n g  o n l y  t h e  T X 2 0 0 8  a n d  V 2  d y n a m i c  t o p o g r a p h y  c o r r e c t i o n  

w i t h o u t  a n y  G I A  c o r r e c t i o n  a n d  s e a  l e v e l  s e t  a t  + 2 5 m ,  w h i l e  F i g u r e  S 4 b  s h o w s  t h e  s a m e  

b u t  o n l y  a p p l y i n g  t h e  V 2  G I A  c o r r e c t i o n  w i t h o u t  a n y  d y n a m i c  t o p o g r a p h y  c o r r e c t i o n  a n d  

w i t h  s e a  l e v e l  s e t  a t  + 2 5 m .  F i g u r e  S 4 c - j  s h o w s  t h e  r e t r o d i c t e d  p a l e o g e o g r a p h y  f o r  e a c h  o f  

t h e  4  c o m b i n a t i o n s  o f  m o d e l  p a r a m e t e r s  c o n s i d e r e d  i n  F i g u r e  S 1  a n d  f o r  t w o  d i f f e r e n t  

b o u n d s  o n  t h e  h e i g h t  o f  m i d - P l i o c e n e  s e a  l e v e l .  F i g u r e s  S 4 c - f  p l a c e  t h i s  s e a  l e v e l  a t  + 2 5 m  

r e l a t i v e  t o  p r e s e n t  a n d  F i g u r e s  S 4 g - j  p l a c e  i t  a t  0 m .  T h e s e  i m a g e s  s h o w  t h a t  f o r  m u c h  o f  

t h i s  r e g i o n  t h e r e  i s  a  r e a s o n a b l y  c l o s e  s p a t i a l  c o r r e l a t i o n  b e t w e e n  t h e  r e t r o d i c t e d  

p a l e o g e o g r a p h y  a n d  o b s e r v a t i o n s ,  i r r e s p e c t i v e  o f  t h e  s p e c i f i c  c o m b i n a t i o n  o f  t o m o g r a p h y  

a n d  v i s c o s i t y .  A l o n g  m o s t  o f  t h e  e a s t e r n  s e a b o a r d ,  a  h e i g h t  o f  t h e  m i d - P l i o c e n e  m a r i n e  

h i g h s t a n d  s o m e w h e r e  b e t w e e n  0  a n d  + 2 5  m  m a t c h e s  t h e  p o s i t i o n  o f  t h e  O r a n g e b u r g  a n d  

c o r r e l a t i v e  s h o r e l i n e - r e l a t e d  s c a r p s  a s  w e l l  a s  k n o w n  l o c a t i o n s  o f  m a r i n e  m i d - P l i o c e n e  

s e d i m e n t a r y  r o c k s .  H o w e v e r ,  t h e  c u r r e n t  s p a t i a l  r e s o l u t i o n  o f  t h e  d y n a m i c  t o p o g r a p h y  

m o d e l s ,  a s  w e l l  a s  u n c e r t a i n t i e s  i n  o t h e r  p r o c e s s e s  c o n t r i b u t i n g  t o  t h e  t o p o g r a p h y ,  w h i c h  

w e  d i s c u s s  b e l o w ,  s u g g e s t  t h a t  i t  w o u l d  b e  p r e m a t u r e  t o  c o n s i d e r  t h i s  r a n g e  t o  b e  a  r o b u s t  

b o u n d  o n  m i d - P l i o c e n e  s e a  l e v e l .   

 

3 - D  l i t h o s p h e r i c  f l e x u r e  m o d e l i n g  

T h e r e  i s  a  s u b s t a n t i a l  v o l u m e  o f  s e d i m e n t  i n  o f f s h o r e  b a s i n s  a l o n g  t h e  A t l a n t i c  a n d  

G u l f  c o a s t s  o f  N o r t h  A m e r i c a  ( 1 6 - 1 8 ) .  M u c h  o f  t h i s  s e d i m e n t  i s  e i t h e r  T r i a s s i c / J u r a s s i c  o r  

M i d d l e  M i o c e n e  a n d  y o u n g e r  i n  a g e  ( 1 7 ,  1 8 ,  4 2 ) .  T h i s  l o a d ,  a n d  s p e c i f i c a l l y  t h e  N e o g e n e  

s e d i m e n t s ,  w o u l d  b e  e x p e c t e d  t o  h a v e  w a r p e d  t h e  C o a s t a l  P l a i n  s u r f a c e ,  r e s u l t i n g  i n  u p l i f t  

o f  t h e  s u r f a c e  i n l a n d ,  a n d  t h u s  l i k e l y  p e r t u r b e d  t h e  e l e v a t i o n  o f  P l i o c e n e  a n d  y o u n g e r  

s h o r e l i n e s  ( 7 ) .  W e  u s e d  i s o p a c h  m a p s  f o r  t h e  e n t i r e  N e o g e n e  ( 1 7 )  t o  c o m p u t e  t h e  f l e x u r a l  

r e s p o n s e  ( F i g u r e  S 5 ) .  W e  c u r r e n t l y  l a c k  m o r e  d e t a i l e d  i s o p a c h  m a p s  o f  j u s t  t h e  P l i o c e n e  

a n d  y o u n g e r  s e q u e n c e s  a l o n g  t h e  e n t i r e  A t l a n t i c  a n d  G u l f  c o a s t  m a r g i n s  t h a t  w o u l d  b e  

n e e d e d  t o  e s t i m a t e  t h e  i m p a c t  o f  f l e x u r a l  l o a d i n g  o v e r  t h e  e n t i r e  a r e a  o f  i n t e r e s t .  

W e  m o d u l a t e  t h e  t o t a l  N e o g e n e  f l e x u r a l  l o a d i n g  b y  a s c r i b i n g  ~ 3 0 %  o f  t o t a l  l o a d i n g  

t o  e f f e c t s  a s s o c i a t e d  w i t h  P l i o c e n e  ( a t  5 . 0  M a )  a n d  y o u n g e r  s e d i m e n t  l o a d s ,  b a s e d  o n  d a t a  

f r o m  t h e  B a l t i m o r e  C a n y o n  T r o u g h  w h e r e  b e t t e r  s t r a t i g r a p h i c  r e s o l u t i o n  a l l o w s  t h e  

d i s t i n c t i o n  b e t w e e n  M i o c e n e  a n d  p o s t - M i o c e n e  s e q u e n c e s  ( 1 8 ,  4 2 ) .  W e  a s s u m e d  a  

c o n s t a n t  r a t e  o f  s e d i m e n t - r e l a t e d  l o a d i n g  s i n c e  t h e  M i o c e n e  r e s u l t i n g  i n  a  6 % / m . y .  

c h a n g e  i n  t h e  t o t a l  s e d i m e n t  l o a d  s i n c e  5  M a ,  i n  a c c o r d  w i t h  a v a i l a b l e  d a t a  ( 4 2 ) .   

T h e  3 - D  f l e x u r a l  r e s p o n s e  t o  t h e  o f f s h o r e  s e d i m e n t  l o a d  f o r  t h e  e n t i r e  r e g i o n  f r o m  

G e o r g e ’ s  B a n k  o f f  N o v a  S c o t i a  t o  a l l  o f  t h e  G u l f  o f  M e x i c o  i s  c o m p u t e d  i n  o r d e r  t o  
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c a p t u r e  l o n g e r  w a v e l e n g t h  c o n t r i b u t i o n s  f r o m  r e g i o n s  o u t s i d e  o u r  m a i n  a r e a  o f  i n t e r e s t .  

T h i s  r e s p o n s e  i s  c a l c u l a t e d  b y  e x p a n d i n g  t h e  s e d i m e n t  t h i c k n e s s  i n t o  s p h e r i c a l  h a r m o n i c s  

u p  t o  h a r m o n i c  d e g r e e  a n d  o r d e r  3 6 0  ( c o r r e s p o n d i n g  t o  a  r e s o l u t i o n  s c a l e  -  h a l f -

w a v e l e n g t h  -  o f  a b o u t  0 . 5 º ) .  A  L a n c z o s - s m o o t h i n g  o f  t h i s  h a r m o n i c  e x p a n s i o n  w a s  

a p p l i e d  t o  m u t e  t h e  G i b b s  o s c i l l a t i o n s  ( ' r i n g i n g ' )  a s s o c i a t e d  w i t h  t h i s  t r u n c a t e d  

r e p r e s e n t a t i o n .  T h e  f l e x u r e  c a l c u l a t i o n  a d o p t s  p a r a m e t e r s  f r o m  t h e  2 - D  s t u d y  o f  P a z z a g l i a  

&  G a r d n e r  ( 7 ) ,  w h i c h  a r e  b a s e d  o n  a  4 0 - k m  t h i c k  e l a s t i c  p l a t e  w i t h  a  Y o u n g ' s  m o d u l u s  o f  

7 0  G P a .  T h e  c a l c u l a t i o n  u s e d  a  s e d i m e n t  d e n s i t y  o f  2 0 0 0  k g / m
3

,  m a n t l e / l i t h o s p h e r e  

d e n s i t y  o f  3 2 0 0  k g / m
3

,  a n d  w a t e r  d e n s i t y  o f  1 0 0 0  k g / m
3

.  T h e  e f f e c t i v e  s u b m a r i n e  ' l o a d ' -

d e n s i t y  s i t t i n g  o n  t h e  e l a s t i c  p l a t e  i s  t h e  d i f f e r e n c e  b e t w e e n  t h e  s e d i m e n t s  a n d  w a t e r  

d e n s i t y  a n d  h e n c e  i s  e q u a l  t o  1 0 0 0  k g / m
3

.   

E r o s i o n a l  u n l o a d i n g  ( s e e  ( 7 ) )  s h o u l d  a l s o  b e  c o n s i d e r e d ;  h o w e v e r ,  t h e  a m p l i t u d e  a n d  

d i s t r i b u t i o n  o f  e r o s i o n  s i n c e  5  M a  i s  e x t r e m e l y  p o o r l y  k n o w n .  L o c a l  e s t i m a t e s  ( 4 3 - 4 5 )  

t y p i c a l l y  a v e r a g e  a b o u t  2 0  m / M a ,  b u t  r a n g e  f r o m  0 . 6  t o  5 7  m / M a .  F o r  t h e  p r e s e n t  

a n a l y s i s  w e  u s e d  a  m o d i f i e d  v e r s i o n  o f  a  p o s t - 5 0  M a  e s t i m a t e  o f  e r o s i o n  r a t e s  ( 4 6 ) .  W e  

s u s p e c t  t h a t  t h e s e  a r e  m a x i m u m  e s t i m a t e s  ( 4 6 ) .  T h e r e  i s  c o n s i d e r a b l e  u n c e r t a i n t y  i n  t h e  

e s t i m a t e  o f  t h e  s p a t i a l  p a t t e r n  o f  e r o s i o n  b e c a u s e  t h e  n u m b e r  o f  l o c a t i o n s  w i t h  s u f f i c i e n t  

d a t a  i s  l i m i t e d  a n d  t h e  t e c h n i q u e s  u s e d  t o  d e r i v e  t h e  l o c a l  e s t i m a t e s  h a v e  t h e i r  o w n  

u n c e r t a i n t i e s  o r  a r e  v a r i e d .  T h e  3 - D  f l e x u r a l  r e s p o n s e  t o  e r o s i o n a l  u n l o a d i n g  f o l l o w s  t h e  

s a m e  p r o c e d u r e  a s  a b o v e ,  e x c e p t  t h a t  t h e  d e n s i t y  o f  t h e  u n l o a d e d  m a t e r i a l  i s  2 7 0 0  k g / m
3

.  

O n  t h i s  b a s i s ,  w e  e s t i m a t e  t h e  a m p l i t u d e  o f  c o m b i n e d  s e d i m e n t  l o a d - r e l a t e d  f l e x u r e  a n d  

e r o s i o n - r e l a t e d  f l e x u r a l  u n l o a d i n g  a s  + 2 0 m  t o  - 8 m  a l o n g  t h e  O r a n g e b u r g  S c a r p  ( F i g u r e  

S 5 .  

G l a c i a l  I s o s t a t i c  A d j u s t m e n t  

O u r  n u m e r i c a l  p r e d i c t i o n s  o f  G I A  f o l l o w  t h e  m e t h o d o l o g y  o u t l i n e d  i n  d e t a i l  i n  R e f .  

( 2 8 ) .  T h e s e  c a l c u l a t i o n s  r e q u i r e ,  a s  i n p u t ,  t h e  s p a c e - t i m e  h i s t o r y  o f  i c e  c o v e r  s i n c e  3  M a ,  

a n d  a  r a d i a l  p r o f i l e  o f  m a n t l e  v i s c o s i t y .  I n  r e g a r d  t o  t h e  f o r m e r ,  p r e d i c t i o n s  o f  t h e  

c o n t r i b u t i o n  f r o m  G I A  t o  t h e  c u r r e n t  e l e v a t i o n  o f  m i d - P l i o c e n e  s h o r e l i n e s  a r e  m o s t  

s e n s i t i v e  t o  t h e  i c e  h i s t o r y  o v e r  t h e  l a s t  g l a c i a l  c y c l e ,  a n d  w e  a d o p t , f o r  t h i s  p u r p o s e ,  t h e  

I C E - 5 G  m o d e l  ( 4 7 ) .   

I n  F i g u r e  S 6  w e  s h o w  t h e  t o p o g r a p h i c  p e r t u r b a t i o n  d u e  t o  G I A  a l o n g  t h e  

O r a n g e b u r g  S c a r p ,  f r o m  5 5 ° - 5 9 . 5 °  c o l a t i t u d e ,  c o m p u t e d  u s i n g  s i x  d i f f e r e n t  m a n t l e  

v i s c o s i t y  p r o f i l e s ,  i n c l u d i n g  t h e  V 2  m o d e l  ( s o l i d  b l u e  l i n e )  a d o p t e d  i n  F i g u r e s  1  a n d  3  o f  

t h e  m a i n  t e x t  a n d  F i g u r e  S 4 .  M o d e l  V 2  w a s  d e r i v e d  f r o m  a  j o i n t  i n v e r s i o n  o f  d a t a  r e l a t e d  

t o  b o t h  m a n t l e  c o n v e c t i v e  f l o w  a n d  G I A  o b s e r v a b l e s ,  w h e r e  t h e  l a t t e r  i n c l u d e d  p o s t -

g l a c i a l  d e c a y  t i m e s  f r o m  H u d s o n  B a y  a n d  F e n n o s c a n d i a ,  a n d  i t  i s  c h a r a c t e r i z e d  b y  a  

v i s c o s i t y  t h a t  i n c r e a s e s  t w o  o r d e r s  o f  m a g n i t u d e  w i t h  d e p t h  i n  t h e  l o w e r  m a n t l e  b e f o r e  

d e c r e a s i n g  n e a r  t h e  c o r e - m a n t l e - b o u n d a r y  ( 1 0 ) .  M o d e l  V M 2  ( 4 7 )  i s  b a s e d  o n  G I A  d a t a  

a l o n e ,  a n d  i t  i s  d e f i n e d  b y  a  l o w e r  m a n t l e  v i s c o s i t y  t h a t  i n c r e a s e s  b y  a  f a c t o r  o f  o n l y  2 - 3  

w i t h  d e p t h .  T h e  c a l c u l a t i o n  a d o p t i n g  t h i s  m o d e l  ( d a s h e d  b l u e  l i n e )  p r e d i c t s  a  G I A  

c o n t r i b u t i o n  t o  t h e  t o p o g r a p h y  t h a t  i s  l e s s  t h a n  5 m ,  a n d  a  m e a n  p e r t u r b a t i o n  t h a t  i s  ~ 1 0 m  

l e s s  t h a n  p r e d i c t e d  u s i n g  m o d e l  V 2 .   

N e i t h e r  m o d e l  V 2  n o r  V M 2  a r e  t u n e d  t o  f i t  G I A  d a t a  s e t s  a l o n g  t h e  U S  e a s t  c o a s t .  

I n d e e d ,  G I A  p r e d i c t i o n s  b a s e d  o n  t h e  V M 2  v i s c o s i t y  p r o f i l e  a r e  k n o w n  t o  s i g n i f i c a n t l y  

m i s f i t  H o l o c e n e  r e l a t i v e  s e a - l e v e l  c u r v e s  a l o n g  t h i s  c o a s t  ( 4 8 ) .  S i n c e  n e i t h e r  m o d e l  i s  

l i k e l y  r e p r e s e n t a t i v e  o f  t h e  v i s c o s i t y  p r o f i l e  b e n e a t h  t h e  e a s t  c o a s t ,  w e  a l s o  s h o w  r e s u l t s  
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g e n e r a t e d  u s i n g  f o u r  v i s c o s i t y  p r o f i l e s  d i s t i n g u i s h e d  o n  t h e  b a s i s  o f  t h e  a d o p t e d  ( a n d  

a s s u m e d  c o n s t a n t )  l o w e r  m a n t l e  v i s c o s i t y  ( r e d  l i n e s ) ,  w h i c h  r a n g e s  f r o m  3 - 2 0 × 1 0
2 1

 P a  s .  

T h i s  r a n g e  b r a c k e t s  n e a r l y  a l l  p r e v i o u s  i n f e r e n c e s  o f  m e a n  l o w e r  m a n t l e  v i s c o s i t y  b a s e d  

o n  G I A  d a t a .  T h e  a s s o c i a t e d  p r e d i c t i o n s  s h o w  l i t t l e  g e o g r a p h i c  v a r i a b i l i t y  a l o n g  t h e  

O r a n g e b u r g  S c a r p .  H o w e v e r ,  i n c r e a s i n g  t h e  m a n t l e  v i s c o s i t y  f r o m  t h e  l o w e r  t o  u p p e r  e n d  

o f  t h e  v i s c o s i t y  r a n g e  s i g n i f i c a n t l y  i n c r e a s e s  t h e  m e a n  t o p o g r a p h i c  p e r t u r b a t i o n  d u e  t o  

G I A  f r o m  6 m  t o  2 7 m .  W e  n o t e  t h a t  a  s t u d y  o f  t i d e  g a u g e  r e c o r d s  a l o n g  t h e  U S  e a s t  c o a s t  

d e m o n s t r a t e d  t h a t  t h e  g e o g r a p h i c  v a r i a t i o n  i n  o n g o i n g  s e a - l e v e l  r a t e s  a l o n g  t h i s  c o a s t  w a s  

b e s t  f i t  f o r  m o d e l s  w i t h  a  l o w e r  m a n t l e  v i s c o s i t y  g r e a t e r  t h a n  5 × 1 0
2 1

 P a  s  ( 4 9 ) .  F o r  t h i s  

c l a s s  o f  m o d e l s ,  t h e  m e a n  p e r t u r b a t i o n  d u e  t o  G I A  e x c e e d s  1 5  m .  I n  a n y  c a s e ,  t h e  w i d e  

r a n g e  o f  p r e d i c t i o n s  g e n e r a t e d  u s i n g  t h e  6  v i s c o s i t y  p r o f i l e s  i n d i c a t e s  t h a t  u n c e r t a i n t i e s  i n  

t h e  G I A  c o n t r i b u t i o n  c o m p l i c a t e  a n y  e f f o r t  t o  i n f e r  m i d - P l i o c e n e  s e a  l e v e l  r e l a t i v e  t o  

p r e s e n t  ( 1 6 ) ,  e v e n  w i t h o u t  t h e  a d d i t i o n a l  u n c e r t a i n t i e s  a s s o c i a t e d  w i t h  d y n a m i c  

t o p o g r a p h y  o r  s e d i m e n t  r e d i s t r i b u t i o n .  
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F i g .  S 1 .  

F i g .  S 1 .   E s t i m a t e s  o f  d y n a m i c  t o p o g r a p h y  c h a n g e  s i n c e  3  M a  b a s e d  o n  t w o  

d i f f e r e n t  j o i n t  s e i s m i c - g e o d y n a m i c  t o m o g r a p h y  i n v e r s i o n s  a n d  t w o  d i f f e r e n t  

v i s c o s i t y  p r o f i l e s  ( a s  l a b e l e d ;  s e e  t e x t ) .  C o n t o u r  i n t e r v a l  i s  2 5  m  a n d  v a l u e s  a r e  

p l a c e d  o n  t h e  u p - s l o p e  s i d e  o f  t h e  c o n t o u r s .   
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F i g .  S 2  

F i g .  S 2 .   P r e s e n t - d a y  m a n t l e  c o n v e c t i v e  f l o w  i n  t h e  a s t h e n o s p h e r e  ( 2 5 0  k m  d e p t h )  u n d e r  

t h e  e a s t  c o a s t  o f  t h e  U n i t e d  S t a t e s  a n d  a d j a c e n t  A t l a n t i c  O c e a n .  T h e  f l o w  i s  p r e d i c t e d  

u s i n g  t h e  T X 2 0 0 7  j o i n t  s e i s m i c - g e o d y n a m i c  t o m o g r a p h y  m o d e l  ( 3 3 )  a n d  t h e  V 2  v i s c o s i t y  

m o d e l  ( 3 1 ,  3 2 ) .   T h e  c o l o r  c o n t o u r s  ( s c a l e  b a r  a t  b o t t o m  c e n t e r )  r e p r e s e n t  t h e  v e r t i c a l  

c o m p o n e n t  o f  t h e  f l o w  a n d  t h e  b l u e  a r r o w s  ( s c a l e  a t  b o t t o m  l e f t )  t h e  h o r i z o n t a l  

c o m p o n e n t .  T h e  m a n t l e  f l o w  i s  r e p r e s e n t e d  i n  t e r m s  o f  a  s p h e r i c a l  h a r m o n i c  e x p a n s i o n  

u p  t o  d e g r e e  1 2 8  
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F i g .  S 3  

F i g .  S 3 .  P r e s e n t - d a y  d y n a m i c  t o p o g r a p h y  d u e  o n l y  t o  h o t ,  b u o y a n t  m a t e r i a l  i n  t h e  u p p e r  

m a n t l e .  T h i s  p r e d i c t i o n  i s  o b t a i n e d  i n  a  m a n t l e  f l o w  c a l c u l a t i o n  i n  w h i c h  w e  s t r i p  a w a y  

( z e r o  o u t )  a l l  ' c o l d '  h e t e r o g e n e i t y  ( c h a r a c t e r i z e d  b y  f a s t e r  t h a n  a v e r a g e  s h e a r - w a v e  

v e l o c i t y )  i n  t h e  j o i n t  s e i s m i c - g e o d y n a m i c  t o m o g r a p h y  m o d e l  T X 2 0 0 7  ( 3 3 )  a n d  b y  u s i n g  

o n l y  t h e  r e s i d u a l  ' h o t '  h e t e r o g e n e i t y  i n  t h e  u p p e r  m a n t l e  ( d o w n  t o  6 7 0  k m  d e p t h ) .  T h e  V 2  

v i s c o s i t y  m o d e l  ( 3 1 )  i s  u s e d  i n  t h i s  c a l c u l a t i o n .  T h e  c o l o r  c o n t o u r s  ( s c a l e  b a r  a t  b o t t o m )  

r e p r e s e n t  t h e  v e r t i c a l  s u r f a c e  d e f l e c t i o n .  T h e  m a n t l e  f l o w  i s  r e p r e s e n t e d  i n  t e r m s  o f  a  

s p h e r i c a l  h a r m o n i c  e x p a n s i o n  u p  t o  d e g r e e  1 2 8 .  
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1 0  

 

 

F i g .  S 4 .   R e t r o d i c t e d  p a l e o g e o g r a p h i c  m a p s  a p p l y i n g  ( a )  T X 2 0 0 8  a n d  V 2  w i t h  s h o r e l i n e  

p l a c e d  a t  + 2 5 m  b u t  w i t h o u t  a n y  G I A  c o r r e c t i o n ,  ( b )  o n l y  t h e  V 2  G I A  c o r r e c t i o n ,  ( c )  

T X 2 0 0 8  a n d  V 2  w i t h  s h o r e l i n e  p l a c e d  a t  + 2 5 m  b u t  w i t h o u t  a n y  G I A  c o r r e c t i o n ,  ( d )  

T X 2 0 0 7  a n d  V 2  w i t h  s h o r e l i n e  p l a c e d  a t  + 2 5 m ,  ( e )  T X 2 0 0 8  a n d  V 1  w i t h  s h o r e l i n e  

p l a c e d  a t  + 2 5 m ,  ( f )  T X 2 0 0 7  a n d  V 1  w i t h  s h o r e l i n e  p l a c e d  a t  + 2 5 m ,   ( g - j )  a n a l o g o u s  t o  

f r a m e s  ( c - f ) ,  e x c e p t  t h a t  t h e  s h o r e l i n e  i s  p l a c e d  a t  0 m .   



 

 

1 1  

 

40°

36°

32°

28°

84° 80° 76° 72°

50 (m)250-25-50-100-150
 

F i g .  S 5 .   E s t i m a t e  o f  t h e  3 D  f l e x u r a l  r e s p o n s e  a s s o c i a t e d  w i t h  s e d i m e n t - l o a d i n g  a n d  

e r o s i o n a l  u n l o a d i n g  s i n c e  3  M a .  A b b r e v i a t i o n s  a r e  t h e  s a m e  a s  i n  F i g u r e  S 1 .  



 

 

1 2  

 

 

F i g .  S 6 .   P r e d i c t i o n s  o f  t h e  p r e s e n t - d a y  t o p o g r a p h i c  p e r t u r b a t i o n  a l o n g  t h e  O r a n g e b u r g  

S c a r p  d u e  t o  G I A .  T h e  r e s u l t s  a r e  g e n e r a t e d  u s i n g  t h e  i c e  h i s t o r y  d e s c r i b e d  i n  R e f .  ( 1 5 )  

a n d  s i x  d i f f e r e n t  p r o f i l e s  o f  m a n t l e  v i s c o s i t y .  T h e s e  a r e :  m o d e l s  V 2  ( 1 0 ) ,  V M 2  ( 4 7 ) ,  a n d  

f o u r  m o d e l s  c h a r a c t e r i z e d  b y  c o n s t a n t  l o w e r  m a n t l e  v i s c o s i t i e s  o f  3 × 1 0
2 1

 P a  s  ( L M 3 ) ,  

5 × 1 0
2 1

 P a  s  ( L M 5 ) ,  1 0
2 2

 P a  s  ( L M 1 0 )  a n d  2 × 1 0
2 2

 P a  s  ( L M 2 0 ) .  T h e  l a t t e r  f o u r  m o d e l s  a r e  

a l s o  c h a r a c t e r i z e d  b y  a n  e l a s t i c  l i t h o s p h e r e  o f  t h i c k n e s s  9 6  k m  a n d  a n  u p p e r  m a n t l e  

v i s c o s i t y  o f  5 × 1 0
2 0

 P a  s .  
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T a b l e  S 1 .  T o p o g r a p h y ,  d y n a m i c  t o p o g r a p h y  c h a n g e s ,  g l a c i a l  i s o s t a t i c  a d j u s t m e n t ,  a n d  

e s t i m a t e s  o f  f l e x u r a l  l o a d i n g  a n d  u n l o a d i n g  c o r r e c t i o n s  f o r  t h e  e a s t e r n  U . S .  f o r  3 M a  t o  

p r e s e n t  a t  0 . 2 °  b y  0 . 2 °  r e s o l u t i o n .   T o p o g r a p h y  d e r i v e d  f r o m  r e g r i d d i n g  o f  E T O P O 1 .  A l l  

v a l u e s  a r e  i n  m e t e r s .  S e e  a s s o c i a t e d  d i s c u s s i o n  i n  t h e  s u p p l e m e n t a l  t e x t  f o r  s o u r c e s .  



References and Notes 

1. C. L. Drake, M. Ewing, G. H. Sutton, in Physics and chemistry of the earth. (Pergamon 
Press, Elmsford NY, 1959), vol. 3, pp. 110-198. 

2. D. McKenzie, Some Remarks On Development Of Sedimentary Basins. Earth Planet. 
Sci. Lett. 40, 25 (1978). doi:10.1016/0012-821X(78)90071-7 

3. J. V. Browning et al., 100 Myr record of sequences, sedimentary facies and sea level 
change from Ocean Drilling Program onshore coreholes, US Mid-Atlantic coastal 
plain. Basin Res. 20, 227 (2008). doi:10.1111/j.1365-2117.2008.00360.x 

4. M. A. Kominz et al., Late Cretaceous to Miocene sea-level estimates from the New 
Jersey and Delaware coastal plain coreholes: an error analysis. Basin Res. 20, 211 
(2008). doi:10.1111/j.1365-2117.2008.00354.x 

5. A. B. Watts, M. S. Steckler, in Deep drilling results in the Atlantic Ocean; continental 
margins and paleoenvironment, M. Talwani, W. Hay, W. B. F. Ryan, Eds. 
(American Geophysical Union, Washington, D.C., 1979), vol. 3, pp. 218-234. 

6. A. B. Watts, J. Thorne, Tectonics, global changes in sea level and their relationship to 
stratigraphical sequences at the US Atlantic continental margin. Mar. Pet. Geol. 1, 
319 (1984). doi:10.1016/0264-8172(84)90134-X 

7. F. Pazzaglia, T. Gardner, Late Cenozoic flexural deformation of the middle U.S. 
Atlantic passive margin. J. Geophys. Res. 99, 12143 (1994). 
doi:10.1029/93JB03130 

8. H. J. Dowsett, T. Cronin, High eustatic sea level during the middle Pliocene: Evidence 
from the southeastern U.S. Atlantic Coastal Plain. Geology 18, 435 (1990). 
doi:10.1130/0091-7613(1990)018<0435:HESLDT>2.3.CO;2 

9. K. G. Miller et al., The Phanerozoic record of global sea-level change. Science 310, 
1293 (2005). doi:10.1126/science.1116412 Medline 

10. R. Moucha et al., Dynamic topography and long-term sea-level variations: There is 
no such thing as a stable continental platform. Earth Planet. Sci. Lett. 271, 101 
(2008). doi:10.1016/j.epsl.2008.03.056 

11. C. P. Conrad, C. Lithgow-Bertelloni, K. E. Louden, Iceland, the Farallon slab, and 
dynamic topography of the North Atlantic. Geology 32, 177 (2004). 
doi:10.1130/G20137.1 

12. R. Moucha, A. M. Forte, S. Quéré, J. X. Mitrovica, D. B. Rowley, Implications of 
Mantle Convection for Present-day Rates of Global Sea Level Change. EOS 
Transactions Americasn Geophysical Union, Fall Meet. Supplement 87, T53D 
(2006). 

13. R. D. Müller, M. Sdrolias, C. Gaina, B. Steinberger, C. Heine, Long-term sea-level 
fluctuations driven by ocean basin dynamics. Science 319, 1357 (2008). 
doi:10.1126/science.1151540 Medline 

http://dx.doi.org/10.1016/0012-821X(78)90071-7
http://dx.doi.org/10.1111/j.1365-2117.2008.00360.x
http://dx.doi.org/10.1111/j.1365-2117.2008.00354.x
http://dx.doi.org/10.1016/0264-8172(84)90134-X
http://dx.doi.org/10.1029/93JB03130
http://dx.doi.org/10.1130/0091-7613(1990)018%3c0435:HESLDT%3e2.3.CO;2
http://dx.doi.org/10.1126/science.1116412
http://dx.doi.org/10.1126/science.1116412
http://dx.doi.org/10.1016/j.epsl.2008.03.056
http://dx.doi.org/10.1130/G20137.1
http://dx.doi.org/10.1126/science.1151540
http://dx.doi.org/10.1126/science.1151540


14. S. Spasojević, L. Liu, M. Gurnis, R. D. Müller, The case for dynamic subsidence of 
the U.S. east coast since the Eocene. Geophys. Res. Lett. 35, 6 (2008). 
doi:10.1029/2008GL033511 

15. A. M. Forte, J. X. Mitrovica, R. Moucha, N. A. Simmons, S. P. Grand, Descent of the 
ancient Farallon slab drives localized mantle flow below the New Madrid seismic 
zone. Geophys. Res. Lett. 34, 5 (2007). doi:10.1029/2006GL027895 

16. W. Dillon, P. Popenoe, The Blake Plateau basin and Carolina Trough The Atlantic 
continental margin; U.S. R. Sheridan, J. Grow, Eds., (Geol. Soc. Am., Boulder, 
CO, United States (USA), United States (USA), 1988), pp. 291-328. 

17. K. O. Emery, E. Uchupi, The Geology of the Atlantic Ocean. (Springer-Verlag, New 
York, 1984), pp. 1050. 

18. C. Poag, W. Sevon, A Record of Appalachian Denudation in Postrift Mesozoic and 
Cenozoic Sedimentary Deposits of the U.S. Middle Atlantic Continental Margin. 
Geomorphology 2, 119 (1989). doi:10.1016/0169-555X(89)90009-3 

19. L. J. Poppe, P. Popenoe, C. W. Poag, B. A. Swift, Stratigraphic and 
paleoenvironmental summary of the south-east Georgia embayment: a correlation 
of exploratory wells. Mar. Pet. Geol. 12, 677 (1995). doi:10.1016/0264-
8172(95)98092-J 

20. N. H. Sleep, Thermal effects of the formation of Atlantic continental margins by 
continental breakup. Geophys. J. Int. 24, 325 (1971). doi:10.1111/j.1365-
246X.1971.tb02182.x 

21. K. G. Miller, Sea Level Change, Last 250 Million Years. in Encyclopedia of 
Paleoclimatology and Ancient Environments, V. Gornitz, Ed. (Springer, Berlin, 
2008), pp. 879–893. 

22. D. A. Soller, Geologic and tectonic history of the lower Cape Fear valley, 
southeastern North Carolina. U.S. Geological Survey Professional Paper (U.S. 
Geological Survey, 1988), vol. 1466-A, pp. 60. 

23. H. Dowsett et al., The PRISM3D paleoenvironmental reconstruction. Stratigraphy 7, 
123 (2010). 

24. D. Fox, Paleoclimate. Could East Antarctica be headed for big melt? Science 328, 
1630 (2010). doi:10.1126/science.328.5986.1630 Medline 

25. D. J. Hill, A. M. Haywood, R. C. A. Hindmarsh, P. J. Valdes, Characterizing ice 
sheets during the Pliocene: evidence from data and models. M. Williams, A. M. 
Haywood, F. J. Gregory, D. N. Schmidt, Eds., Deep-Time Perspectives on 
Climate Change: Marrying the Signal from Computer Models and Biological 
Proxies (Geological Soc Publishing House, Bath, 2007), pp. 517-538. 

26. C. Winker, J. Howard, Correlation of tectonically deformed shorelines on the 
southern Atlantic coastal plain. Geology 5, 123 (1977). doi:10.1130/0091-
7613(1977)5<123:COTDSO>2.0.CO;2 

http://dx.doi.org/10.1029/2008GL033511
http://dx.doi.org/10.1029/2006GL027895
http://dx.doi.org/10.1016/0169-555X(89)90009-3
http://dx.doi.org/10.1016/0264-8172(95)98092-J
http://dx.doi.org/10.1016/0264-8172(95)98092-J
http://dx.doi.org/10.1111/j.1365-246X.1971.tb02182.x
http://dx.doi.org/10.1111/j.1365-246X.1971.tb02182.x
http://dx.doi.org/10.1126/science.328.5986.1630
http://dx.doi.org/10.1126/science.328.5986.1630
http://dx.doi.org/10.1130/0091-7613(1977)5%3c123:COTDSO%3e2.0.CO;2
http://dx.doi.org/10.1130/0091-7613(1977)5%3c123:COTDSO%3e2.0.CO;2


27. D. Krantz, A Chronology Of Pliocene Sea-Level Fluctuations: The U.S. Middle 
Atlantic Coastal Plain Record. Quat. Sci. Rev. 10, 163 (1991). doi:10.1016/0277-
3791(91)90016-N 

28. M. E. Raymo, J. X. Mitrovica, M. J. O'leary, R. M. Deconto, P. J. Hearty, Departures 
from eustasy in Pliocene sea-level records. Nat. Geosci. 4, 328 (2011). 
doi:10.1038/ngeo1118 

29. P. Adams, N. Opdyke, J. Jaeger, Isostatic uplift driven by karstification and sea-level 
oscillation: Modeling landscape evolution in north Florida. Geology 38, 531 
(2010). doi:10.1130/G30592.1 

30. F. Pazzaglia, T. Gardner, M. Summerfield, Ed., (John Wiley & Sons, Chichester, 
United Kingdom (GBR), United Kingdom (GBR), 2000), pp. 283-302. 

31. A. M. Forte et al., Joint seismic–geodynamic-mineral physical modelling of African 
geodynamics: A reconciliation of deep-mantle convection with surface 
geophysical constraints. Earth Planet. Sci. Lett. 295, 329 (2010). 
doi:10.1016/j.epsl.2010.03.017 

32. R. Moucha et al., Deep mantle forces and the uplift of the Colorado Plateau. 
Geophys. Res. Lett. 36, L19310 (2009). doi:10.1029/2009GL039778 

33. N. A. Simmons, A. M. Forte, S. P. Grand, Thermochemical structure and dynamics of 
the African superplume. Geophys. Res. Lett. 34, 5 (2007). 
doi:10.1029/2006GL028009 

34. N. A. Simmons, A. M. Forte, S. P. Grand, Joint seismic, geodynamic and mineral 
physical constraints on three-dimensional mantle heterogeneity: Implications for 
the relative importance of thermal versus compositional heterogeneity. Geophys. 
J. Int. 177, 1284 (2009). doi:10.1111/j.1365-246X.2009.04133.x 

35. A. M. Forte, in Treatise on Geophysics, G. Schubert, Ed. (Elsevier, Amsterdam, 
2007), pp. 805-858. 

36. L. W. Ward, R. H. Bailey, J. G. Carter, in The Geology of the Carolinas: Carolina 
Geological Society anniversary volume, J. W. Horton, Jr., V. A. Zullo, Eds. 
(1991), pp. 274-289. 

37. B. Haq, A. Al-Qahtani, Phanerozoic cycles of sea-level change on the Arabian 
Platform. Geoarabia 10, 127 (2005). 

38. S. D. Stanford, G. M. Ashley, G. J. Brenner, Late Cenozoic fluvial stratigraphy of the 
New Jersey Piedmont: A record of glacioeustasy, planation, and incision on a 
low-relief passive margin. J. Geol. 109, 265 (2001). doi:10.1086/319242 

39. R. Oaks, N. Coch, J. Sanders, R. Flint, (Utah State Univ. Press, Logan, Utah, 1974), 
pp. 53-87. 

40. R. Oaks, J. DuBar, Post-Miocene Stratigraphy, Central and Southern Atlantic 
Coastal Plain (Utah State Univ. Press, Logan, Utah, 1974), pp. 232–245. 

http://dx.doi.org/10.1016/0277-3791(91)90016-N
http://dx.doi.org/10.1016/0277-3791(91)90016-N
http://dx.doi.org/10.1038/ngeo1118
http://dx.doi.org/10.1130/G30592.1
http://dx.doi.org/10.1016/j.epsl.2010.03.017
http://dx.doi.org/10.1029/2009GL039778
http://dx.doi.org/10.1029/2006GL028009
http://dx.doi.org/10.1111/j.1365-246X.2009.04133.x
http://dx.doi.org/10.1086/319242


41. M. E. Raymo, L. E. Lisiecki, K. H. Nisancioglu, Plio-Pleistocene ice volume, 
Antarctic climate, and the global δ18O record. Science 313, 492 (2006). 
doi:10.1126/science.1123296 Medline 

42. J. J. Groot, R. R. Jordan, The Pliocene and Quaternary Deposits of Delaware: 
Palynology, Ages, and Paleoenvironments. D. G. Survey, Ed., (Delaware 
Geological Survey, Report of Investigations, 1999), vol. 58, pp. 36. 

43. F. Pazzaglia, M. Brandon, Macrogeomorphic evolution of the post-Triassic 
Appalachian mountains determined by deconvolution of the offshore basin 
sedimentary record. Basin Res. 8, 255 (1996). doi:10.1046/j.1365-
2117.1996.00274.x 

44. D. Granger, J. Kirchner, R. Finkel, Spatially averaged long-term erosion rates 
measured from in situ-produced cosmogenic nuclides in alluvial sediment. J. 
Geol. 104, 249 (1996). doi:10.1086/629823 

45. A. Matmon et al., Temporally and spatially uniform rates of erosion in the southern 
Appalachian Great Smoky Mountains. Geology 31, 155 (2003). 
doi:10.1130/0091-7613(2003)031<0155:TASURO>2.0.CO;2 

46. A. Matmon et al., Erosion of an ancient mountain range, the Great Smoky Mountains, 
North Carolina and Tennessee. Am. J. Sci. 303, 817 (2003). 
doi:10.2475/ajs.303.9.817 

47. M. Hulver, Dissertation, The University of Chicago (1997). 
 

http://dx.doi.org/10.1126/science.1123296
http://dx.doi.org/10.1126/science.1123296
http://dx.doi.org/10.1046/j.1365-2117.1996.00274.x
http://dx.doi.org/10.1046/j.1365-2117.1996.00274.x
http://dx.doi.org/10.1086/629823
http://dx.doi.org/10.1130/0091-7613(2003)031%3c0155:TASURO%3e2.0.CO;2
http://dx.doi.org/10.2475/ajs.303.9.817

	Dynamic Topography Change of the Eastern United States Since 3 Million Years Ago
	References and Notes



