Introductory Oceanography

Ray Rector - Instructor



)  Isostacy Laboratory

Topics of Inquiry

1) Concepts of Density and Buoyancy

2) The Layered Nature of the Earth

)
3) Isostatic Dynamics — Equilibrium vs. Adjustment
4) Modeling Isostasy in Lab

)

5) Applying Isostasy Models to Earth Systems
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Density, Gravity and the
Convection Process
v Differential Heating of a Fluid

Under the Influence of Gravity.
Fluid material at bottom of lamp
Is overheated; material at the top
of lamp is under-heated (cooler).

v'Hotter material is less dense _
than cooler material ‘ -

v’ Less dense fluid rises while
more dense fluid sinks

v’ Heat and gravity drive the
movement in the system
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1) Density is an important intensive property

2) Density is a function of a substance’s mass and volume

3) The density of a substance is a measure of how much mass is
present in a given unit of volume.

» The more mass a substance has per unit volume, the greater the
substance’s density.

» The less mass a substance has per unit volume, the lesser the
substance’s density.

4) Gravity controls the weight of a given volume of a substance,

based on the substance’s density
» The more dense the material, the heavier it weighs.
» The less dense the material, the less it weighs.
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For elements with no stable isotopes, the mass number of the isotope with the longest half-life is in parentheses.
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1) The Earth is Vertically
Arranged into Ten
Density Layers

2) Each Layer has Unique
Physical and Chemical
Properties

3) Layers are Arranged
According to Density
Value, as Controlled by
Gravity

4) Densest Solid = Core

Least Dense Solid = Crust

v Outer Core
v Inner Core




oy
4
e

Chemical and Physical
Nature of Earth’s Interior







Large-Scale Ocean Bottom Features
v' Continental shelf, slope, and rise

v Abyssal plains and hills
v Mid-ocean ridge and rift valley
v Oceanic islands, seamounts, and guyots

v Ocean trench



Elevation Relief Profile of Earth’s Crust

1. Sea level 5. Mean depth of ocean 3700m
2. Continental shelf 6. Mean altitude of land 840m
3. Continental slope 7. Mt. Everest 8848m

4. The deep ocean floor 8. Mariana Trench 11022m
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1) Two Different Types of Crust
v Continental - Granitic

v Oceanic - Gabbroic

2) Continental Crust
v' Lighter (2.7 g/ml)
v' Thicker (30 km)
v' High Standing (1 km elev.)

3) Oceanic Crust
v' Denser (2.9 g/ml)
v' Thinner (7 km)
v' Low Standing (- 4 km elev.)



1) Two Different Types of Crust Oceanic Crust Continental Crust

_ __ Granitic Rock
v Continental = Granitic

v" Oceanic = Gabbroic Sediments Sediments
s Pillow
2) Continental Crust - Lavas
v' Lighter (2.7 g/ml) Sheeted Dykes
v' Thicker (30 km) Littosphere

v' High Standing (1 km elev.) Gabbro Granitic |

Intrusions Basement |

3) Oceanic Crust
v Denser (2.9 g/ml)
\/ Thlnner (7 km) UItrabasic Ultrabasic i R

Rock v Rock
v' Low Standing (- 4 km elev.)

Asthenosphere



‘/6 Major Plates
4 8 Minor Plates
v’ 100 km thick
4 Strong and rigid

ANTARCTIC

v’ Plates float on fluid o
asthenosphere

v Plates are mobile

4 Plates move at a rate of
centimeters per year

Thermai Plums of
Rising Basaitic Magma

Mantie







Continental _
Crust Sedimentary Oceanic
Deposits Crust

Lithosphere

Plastic Asthenosphere
-------------------------------------------------------------- —— 200 km

Upper Mantle
(down to 670 km)

1) Isostatic Equilibrium Between Crust and Mantle; Lithosphere and
Asthenosphere

2) Isostatic Adjustments Made Over Geologic Time When A Layer’s
Density and/ or Thickness Changes

4) Isostatic Adjustments Produce Vertical Movement of Crust — Uplift or
Subsidence



M) The Concept of Isostasy

Defined: state of gravitational equilibrium
between the earth's rigid lithosphere and
fluid asthenosphere, such that the tectonic
plates "float" in and on the underlying mantle
at height and depth positions controlled by

plate thickness and density.

» The term “isostasy” is from Greek
“iso” = equal; “stasis” = equal standing.

» Earth’s strong rigid plates exert a downward-directed load on the mobile,
underlying weaker, plastic-like asthenosphere — pushing down into the mantle.

» The asthenosphere exerts an upward pressure on the overlying plate equal
to the weight of the displaced mantle — isostatic equilibrium is established.

» Mantle will flow laterally to accommodate changing crustal loads over time —
this is called isostatic adjustment

» Plate tectonics, erosion and changing ice cap cause isostatic disequilibrium



Concept of Buoyancy

1) Buoyancy is an important force on objects immersed in a fluid.

2) Buoyancy is the fluid pressure exerted on an immersed object equal to the
weight of fluid being displaced by the object.

3) The concept is also known as Archimedes's principle
> Principle applies to objects in the air and on, or in, the water.

> Principle also applies to the crust “floating” on the mantle, which is specially
termed “isostacy”.

4) Density is a controlling factor in the
effects of buoyancy between an object
and its surrounding immersing fluid

»  The greater the difference in density
between the object and the fluid, the
greater the buoyancy force = sits high

»  The lesser the difference in density
between the object and the fluid, the

lesser the buoyancy force = sits low




What is the density of the boat with cat in relation
to the lake water?
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in=2

‘Continental crust
v granite
(p=28)

Mantle
(p=23.3)

Co nsation
depth ~ 50 km

T OGS
and mantle




|sostatic Loading and Rebound — Orogeny and Erosion



) [sostatic Adjustment < Orogeny

QOceanic

Crust
Mountain

Belt -
Continental Crust

A. End of the
Orogenic Stage

Erosion of Surface
A,/’and Block-Faulting

[z continental  Crust O lsostafic

Faulting Stage




Growth of the Hawaiian Islands — Crustal Depression



Isostatic Response to
Glacial Adjustment Changing Ice Thickness



v' Ice Cap Maximum: 20,000 ya

v’ Ice Cap Retreat: By 6,000 ya
v' Last 6,000 years:

> Sea level rising = 13 meters

> Land uplifting = Variable

v" To establish an accurate rate of
uplift, you need to take into account
eustatic sea level rise with uplifting
crust.

3 - ‘;} Brooks Sea lce
SRR T Range
" ., Glacier g Greeniand

Berengia .. I Ice Sheet

Laurentide
lce Sheet

20,000 years ago



Sealce

Greeniand
Ice Sheet

|sostatic Adjustment

Ice Cap Maximum: 20,000 ya Ice Cap Retreat: Today

v Land around Hudson Bay 150 meters higher (above sea level), compared
to 6000 years ago. Global sea level also rose 13 meters.

v" To establish an accurate rate of uplift, you need to add rise in sea level to
uplift amount to get true amount of uplift.



an iceberg 3 meters

an iceberg 2 meters above sea level is
above sea level is 24 meters thick

16 meters thick

Icebergs of different thicknesses

Crust of different thicknesses

1) For icebergs and continental crust, apply the 1-to-8 rule, assuming ice or
continental crust is in isostatic equilibrium.

2) Continental crust at sea level averages about 35 kilometers thick. (1 km
= 0.6 miles.)

3) How thick must the crust be to support a:
1-kilometer high mountain belt?  2-kilometer high mountain belt?
km 5-kilometer high mountain belt?
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U§ing Wood Blocks and Water to Understand the Key
Concepts of Isostatic Equilibrium and Adjustment

» Density of Floating Blocks
» Thickness of Floating Block
» Density of Liquid Water

The Lab Model:
1) Hardwood as Ocean Crust

2) Redwood as Continental Crust
v Thick = Mountains

v Thin = Low-lying Regions

3) Water as the Underlying Mantle



Metal and Wood Block Densities:

1) Determine Mass (grams) with flattop scale.

2) Determine Volume (cubic cm) with ruler
v Length x height x width ] ass

. Denisty =

3) Only measure the thick redwood block g

and oak blocks

volume
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A Determine mass of B Determine volume with ' _ Calcuate density.
sample with balance graduated cylinder

Rock Densities:

1) Determine Mass (grams) with flattop scale

2) Determine Volume (cubic cm) with
graduated cylinder

v Displacement method

3) Calculate Density by Dividing Mass by Volume



1) _Useful for determining the volume of irregular solid objects.
2) You need a graduated cylinder and water.

3) An object’s volume will displace an equal volume of water
in the graduated cylinder.

Put it in the

The Lab Model: ' Sl o
1) Dark Rock as Ocean Crust

. . ) '.?f;;}water

2) Light Rock as Continental Crust rises 2 units.

The object
has a volume
of 2.

How much |
volume does
this object .~ P
have?




Suspended Immersion Method

Step 1 — Weigh dry
rock sample

Step 2 — Fill 300 ml
beaker with %’s full
of water and weigh

Step 3 — Place dry
rock sample (in
mesh bag) into
beaker and reweigh

Step 4 — Place bag
with rock in beaker of
water and reweigh

Step 5 — Calculate
difference in weights
= equals the sample
volume

Step 6 - Calculate the density of the sample by dividing
the sample mass (in g) by the volume (in cms).
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Moaelling Wood Block Behavior in \Water:

1) Density of wood in relation to water density determines
level of buoyancy: (percentages in/out of water)

2) Thickness of block determines absolute height of block in
and out of water

3) Compare redwood and oak wood blocks floating in
water to that of continental and oceanic crust floating the
mantle

4) Keep in mind the differences in BOTH
density and thickness of the two different
blocks and the two different types of crust

5) Note that high-standing floating objects
require a much deeper bottom portion to
maintain (hold up) the high-standing portion.
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§) Next Weeks Lab Topic
Maps and Charts Lab

Preparation:

v’ Study PowerPoint
v’ Study Worksheet

Make sure to bring
your workbook
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