
Sea Level

Lecture 10



Part 0:  Social Media



narrow steep-walled valley:
    nothing specifically glacial
 probably too narrow for
 glacial flow



wider steep-walled valley:
    steps mildly reminiscent of
        staircase cirques
    pillars unlikely to survive   
        glaciation
    probably not glacial



big boulder as seen from a cave:
    probably fell off cliff

no reason to think it’s glacial



two glacial valleys
hanging cirque on right
moraine
lakes
outlet stream



cirque
arete
cirque lake



Part 1:  Sea Level
          More complicated than your might expect





7000 years

1
1

0
 m

11000 cm in 7000 years 

1.6 cm per year 

about a half-foot per 
decade



10 years



30 m

1000 yrs

Meltwater Pulse 1A
3000 cm in 1000 years 
3 cm per year 
about a foot per decade



10 years



not the same everywhere?



Reason for sea level changes

 1. ice volume of glaciers
 2. thermal expansion of oceans
 3. gravitational attraction of glaciers
 4. Earth rotation
       5. shape of earth (isostacy)



1. ice volume of glaciers

ℎ𝑒𝑖𝑔ℎ𝑡 =
𝑔𝑙𝑎𝑐𝑖𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑐ℎ𝑎𝑛𝑔𝑒

𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑜𝑐𝑒𝑎𝑛𝑠



26.5 million 
cubic 
kilometers

361 million 
square 
kilometers

= 73 meters



(2) Thermal Expansion of ocean

ℎ𝑒𝑖𝑔ℎ𝑡
= 2.1 x 10−4 ×  𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 × ∆ 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒



1.5 cm

10 yrs



Ocean Warming

Prediction for 
next 100 years500 m

2 degC



Thermal Expansion of ocean

ℎ𝑒𝑖𝑔ℎ𝑡 = 2.1 x 10−4 ×  50000 𝑐𝑚 × 2 𝑑𝑒𝑔𝐶

                    = 21 cm



Glacier

Before

After

3. Gravitational Attraction of Glaciers



+5 cm-5 cm



4 cm
higher

4 cm
lower

Sea level fall near Greenland comparable to sea level rise in 
equatorial ocean

+5 cm-5 cm



4. Rotation of Earth

centrifugal force 
causes equatorial 
bulge



spin faster

rises

falls



centrifugal force 
causes equatorial 
bulge



axis tilts
falls

rises
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Beach 
terraces in 
Greenland

more 
interesting 
because 
they are 
dateable





Lake Bonneville







18 ka

15 ka

25 ka











1.8 cm year
of uplift

roughly 
1 m in 
50 years



0 gone in 
2500 yrs
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position of peak     shifts glacier-ward with time 
time



range where slope reverses

rivers could reverse direction





initially
depressed
area





glacial
marine
sediments
in Maine



drop-stones?







Ice Load

far-field
depression

forebulge on a spherical earth



Forebulge 
collapse, 
mm/yr

Fiji





Vitilevu Island, Fiji





Reef 1: Modern coral

Reef 2: coral from a
period of higher

sea level



Vitilevu Island



Fiji





Sea

Marine Sediments

Isolation Basin



Sea

Lake

Lake Sediments

Marine Sediments

sediment transition recognized 
through fossils and 
radiometrically dated
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