112.710 Marine Geology and GeophysicsThermal & Mechanical Structure of the LithosphereKennett: Chapter 7 (Structure of Oceanic Crust)Turcotte and Schubert: Chapter 3 (Mechanical Structure of Lithosphere)Turcotte and Schubert: Chapter 4 (Thermal Structure of Lithosphere)Shallow Interior Structure of the Earth: Textbook Definitions (0-125 km) (125-700 km).endmember is ..

2.elements (U, U, 40K , as well as other large ion lithophile elements, intoHow does the lithosphere fit into the "big picture" of plate tectonics?Definitions of Lithosphere

3¥6(

e s �

4,

s xx q x dx dV

( ) + = 0

or

dV dx

q x =- ( )

.(1)

dM Pdw Vdx - =

or

dM dx V P dw dx = +

.(2)

d M dx q x P d w dx 2 2 2 2 = - + ( )

.(3)

s xx

. If

s xx

s xx zdz

M zdzxx^hh=^- �s^//^22

,(4)

s xx e xxs zz

e s u s e s u s

xx xx zz zz zz xx E E = - ( )

= -

( )

1

1

u e zz=_0 s u

e xx xx E = - ( ) 1 2

,(5)

ME zdzxx^h_h=^{-( ) -} �^1 2^2_2^u e^/_/

.(6),

e xx

.

D l z zlR

= - = - f

e xx l l z R = - = D

.

f a

a

= = = -

�

Ł

� ł

= - d

d dx

dx

d dx

dw dx

dx

d w dx

2

2

.

e xx l l

z

R z d w dx = - = = -

D

2

2

.(7)

M E dw dx zdz E dw dx

z

h

h h

h

= - -^{( )} = -

-

( )

Ø º

Œ

ø ß

œ

- - � 1 1 3 2

2

2

2

2

2

2

2

2

3

2

2 u u /

/

/

/

or

M Eh dw dx =- -^{( )} 3

2

2

2 12 1 u

.(8)

dwdx_{2 2}/

D Eh=^{-( )}_3^{212 1 u}

.(9)

MDdwdxDR

=- = 2

2

.(10)

DdwdxPdwdxqx 4

4

2

2 + = ( )

.(11)

r r w w m

g h w gh + ( )

+

(12)

r w r mh hw

w_{+ +} r r w w m

gh g h w + + ( )

.(13)

r r r r r r

w w m w w m m w

gh g h w g h w gh gw

+ +( ) - +^{( )} + [ ]

= -

( )

(14)

qqx gw

total m w

= - -( )

( ) r r

DdwdxPdwdx gwqxm w_4 4_2 2+ + - =( ) ( )r r

(15)

DdwdxPdwdxgwqxm c_4 4_2 2+ + - =( ) ( )r r

(16)

r c

q o_D d w dx

gw m w

4

4 0 + - = ( ) r r

(17)

we c x c x e c x c x x x = + �

Ł

� ł + + �

Ł

� ł

- / / cos sin cos sin a a

a a a a

1 2 3 4

(18)

c1 4-a r r=-( )ØºŒ øßœ4 1 4Dm w /

(19)

x‡ 0wfi 0

as

xfi ¥dwdx/ = 0x= 0

. Thus

cc1 2 0= =cc3 4=wcexxx= +�Ł �ł-3 / cos sina a ax‡ 0

(20).

c3qo

dwdxqDo3 3/ /� -

cqDo3 38= a

(21)and so

w q D e x x o x = + �

Ł

� ł - a a a a3 8 /^{cos sin}

.(22) w qD o o = a_38

and so

wwe x x o x = + � Ł � ł - / cos sin a a a

.(23)

xoa p= - =-tan ( )1 1 34

.(24)

xbdwdxwexo x= - =-2 0a aa/ sin

(25)

xba p= ( ) =-sin 1 0

.Rheological Lithosphere

10_{tt t m s= +o n}(26) t o_ms ns s1 35@s 3<

110 MPa(27)

s s 1 3 3 1 210

@ +.

s 3>

110 MPa

s 1s 3

˙

exp[ / ] e s = - A Q RT

n(28)

˙ e

s

11as the jelly sandwich Thermal Structure of Oceanic Lithosphere

¶

¶

k

¶

¶ Tt Tx^=_2^2

(29)

k r=k Cp/

kheat flow units (hfu) where 1 hfu = 10-6 cal cm-2 s-1 = 41.84 mWm-2. The mean heat

H QM=

(30)Heat flow relationship:

qdTdz�qkdTdz= -

.Bathymetry relationship:

dTdzh� �0

dage� ( ) /1 2qage� -( ) /1 2T t z T erf z tm(,) /= ( )[ ]2 k

(31)

erf e d() ' ' h p h_{hh}”_-�_{2 2}^0

.(32)

q t

kT tm()= p k

(33)

d t d

t T r m m m w ( ) = +^{-( )} 2

k p

a r r r

(34)

aTxzTza c xa nza m n n n ( , ) exp sin = +

�

Ł

� ł

�

Ł

� ł

Ø º

Œ

ø ß

œ = ¥ �_{b p} 1

(35)

c nn = ( )2 / pb pn R n R= +( ) -2 2 2 1 2/Ra= ( )n k/ 2nqxq xas nn( ) exp= + + -�Ł �łØºŒ øßœ=¥�1 2 1 b

(36)

qkTas m= /dxdd j xar s nj( ) exp= + - -�Ł �łØºŒ øßœ-=¥�1 8 2 21p b

(37)

dTas m mm w= -( )a rr r2

(38)

¶ ¶ t zT z t dz

( , )

� a T t a m exp( / ) - 2

Hydrothermal Circulation