Solid Earth Dynamics

Bill Menke, Instructor

Lecture 11



Today:
Effect of isostacy on depth-age
Effect of isostacy on sedimentary basins

Glacial isostatic rebound



Effect of isostacy on depth-age
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How much did it cool?

cooled 0.6AT
0.6AT, = 0.6 X 1350 = 810°C
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How much did it shrink?
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change in average density of rock

prAL= M = pcrA(L — AL)

_ L _ PR
PR = PRI ALY ~ (- aL/L)




total mass



equal pressure

are these in isostatic balance?

Pratt Balance: Equal mass column
(equal pressure)
at (deep) equal depth



l compensation depth, L + d

are these in isostatic balance?

Pratt Balance: Equal mass column
(equal pressure)
at (deep) equal depth

“depth of compensation”



l compensation depth, L + d
are these in isostatic balance?



l compensation depth, L + d

(L —AL) + py,(d + AL)

are these in isostatic balance?

PR




1 compensation depth, L + d
are these in isostatic balance?

prL + pyd M/L) + py (d + AL)
PrL + pwd
no.




. : . compensation depth, L + d + Ad
allow for isostatic subsidence, Ad

pRAL + prAAd + pyydA per(L — AL)A + pyA(d + AL + Ad)




. . . compensation depth, L + d + Ad
allow for isostatic subsidence, Ad

prL + ppAd + pyyd = prL + pyd + py AL + py,/Ad



allow for isostatic subsidence, Ad compensation depth, L +d + Ad

(pr — pw)Ad = py AL

Ad =—PY AL
(PR_PW)




allow for isostatic subsidence, Ad

prL + prAd + pyd = PrL + pwd + pyAL + py/Ad

(or — pw)Ad = pyAL

Ad =—PY AL
(PR_PW)

compensation depth, L + d + Ad
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allow for isostatic subsidence, Ad

compensation depth, L + d + Ad

prL + prAd + pyd = PrL + pwd + pwAL + pyAd

(or — pw)Ad = py AL

Ad =—PY AL
(PR_PW)

3000

rhoR

1

2 rhow 1000
3 DL 5
4 Dd

significant subsidence



Effect of isostacy on sedimentary basins




d watet d + Ad
h
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h + Ad
mant|e compensation depth,
mantle L+h+ d+Ad



d IRz ez d + Ad

sediment h
[ crust crust | [,
h + Ad
mantle
mantle
%\d +XL + pyh + pyAd = Pv>5k+ pwlAd + psh + l%‘k
pmh + pyAd = pyyAd + psh
B (pm — Ps)
Ad = h

(om — pw)Ad = —(py — ps)h N (oM — pw)



d IRz ez d + Ad

sediment h
L crust | L
h + Ad
mantle
mantle
— — 3000 — 2500 1
Ad=—(pM Ps)h oy Ps)z( )=_=0_25
(om — Pw) (om —pw) (3000 —1000) 4

For every 1 km of sediment put in, water depth deceases by 250 meters



d IRz ez d + Ad

sediment h
L crust | L
h + Ad
mantle
mantle
(pm — Ps) 1
Ad = — h=—-d
(om — Pw) 4

say you started with d = 5 km of water and replace it with sediments



d d =
L
h + Ad
mantle
mantle
Ad = — (PM—PS)h
(om — pw) h = 4d = 20 km of sediments

Ad = —d = —5 km



sea level

sediments

continental

continental crust

crust

mantle 78

35 35
mantle

mantle mantle

passive continental margin

h = 4d = 20 km of sediments



New Jersey Margin

Newark , : Abhyssal
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growth faults Reefs?
10,000 feat
3 km

CONTINENTAL CRUST calts?
[Precambrian and Paleczoic metasedimentary
rocks and intrusive igneous rocks)
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(Global sediment thickness
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Laske and Masters (1997).



Glacial isostatic rebound







pcl + pud = piH + pcl



pcl + pud = piH + pcl

pud = p;H d=ﬂH

Pm



North American crust

compensation depth

pcl + pud = piH + pcl

pmd = piH ,_Lo00 1.
— 3000 37 %M




How long does it take the hole to dissipate after the ice melts?

stokes law for

v = 2r”dp g settling of sphere
o u (pretty sleazy)
d O
= v 2r Ap g
r Oud
= v 2rAp g



How long does it take the hole to dissipate after the ice melts?

g 1000 m
R km 100 km
. ond Rm 100000 m
v 2r?Apg e o
g 9.81 m/s2
mu 1.00E+21 kg/ms
what value for r?
’ t 2.29E+10 s
I’ll use 100 km ... 739.86 my

very sensitive to value of r, but
probably time is “geologically short”
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thousands of years

240m

160m

H = Hgyexp{—t/t}
T characteristic decay time

when t =T

ol
H CPUHT3



thousands of years

240m

160m

80m

H = Hgyexp{—t/t}
T characteristic decay time

when t =T

ol
H CPUHT3

T ~ 3000 years



oscillatory
functions
onh a sphere

n = number of half-
oscillations between
north and south pole

-------



oscillatory
functions
onh a sphere

n=4
top about the
right size for the

Ice cap

-------



| )
w time

if a viscous sphere
was initially deformed to this shape

how long would it take to decay away?



| )
W time

exponential decay
P.(t) = B,(t = 0) exp(—t/7)

with time constant, T




exponential decay
P.(t) = B,(t = 0) exp(—t/7)

with time constant, T

2n% 4+ 4n + 3 R./gR
- ) with F=p .Ug



F = PRV GR — 5% 10~° dimensionless number
u

1 g 9.81 m/s2
R 2 R 6371000 m
_— = 806 S 3 rootgR  7905.663 m/s
g 4 rho 3000 kg/m3
V 5 mu 1.00E+21 kg/-ms
6 F 1.51E-07 1
2 / rootRog 805.878 S
2n“ +4n + 3 :
— 1275 190|F{] 12?:
n :
n 11
12
13 | 6.80E+10 2193.57
14 v
Sheet1 ® q b
HH - | + 100%




| )
W’ time

exponential decay
P.(t) = B,(t = 0) exp(—t/7)

with time constant, T

T = 2100 yr



conservation of volume

subsidence under ice sheet
must cause

uplift in other placed



last glacial maximum

30% of earth’s surface
covered by ice

but really thick ice much
less than that
say 10%



conservation of volume of displaced crust

Vsub — _Vup
fAd = (1— f)hA

¥
- a-n"°
0.1

h = 1_0.11000=110m

h




last glacial maximum

land beneath ice sheets down
rest of world up

present day

land once covered by ice sheets up
rest of world down



Uplift Rate from GPS

1 mim/yr
Horizontal velocity s
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Vertical velocity, mm/yr




Relative sea Ievel
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Relative sea level
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