
Appendix C

Answers to Selected
Problems

1.1 57 Myr
1.2 25 km
1.3 439 m
1.4 3.74 × 10−4 T
1.5 1660 km
1.6 51◦N, 78◦E
1.7 75◦N, 123◦E
1.8 70◦N, 186◦E
1.11 0.3◦, 70◦
1.12 5.5◦, 69◦
1.13 1886 km, 2441 km
1.14 1028 km, 2080 km
1.17 9.1 mm yr−1

1.18 75 mm yr−1

1.19 47 mm yr−1

1.20 210◦, 120 mm yr−1; 0◦, 104 mm yr−1

1.22 260◦, 43 mm yr−1

1.23 200◦, 83 mm yr−1; 180◦, 78 mm yr−1

1.24 250◦, 92.4 mm yr−1; 50 mm yr−1

1.25 91◦, 51 mm yr−1

2.1 220 MPa
2.2 68 km
2.3 290 m
2.4 1.18
2.5 1.40
2.6 5.3 km, 30 km
2.7 −150 MPa
2.9 4.1 × 1011 N, 41 MPa
2.10 8.6 × 104 N
2.14 166.5 MPa, −23.5 MPa
2.17 4.6 GPa
2.18 13,200 kg m−3, 433 GPa, 129 GPa, 12.9 m s−2

2.19 47 and 63 MPa, 75◦ and 165◦



Answers to Selected Problems 579

2.20 0.5, 3, 5, 5.5 MPa
2.26 xc − xa = [

(xb − xa)
2

+ (zb − za)
2
]1/2 sin θ2

sin(θ1 + θ2)

×
{
−cos

[
θ1 + tan−1

(
zb − za

xb − xa

)]}

zc − za = [(xb −xa)
2 + (zb −za)]1/2 sin θ2

sin(θ1 +θ2)

× sin
[
θ1 + tan−1

(
zb − za

xb − xa

)]
2.27 45 mm yr−1

2.29 20.2 mm/yr (	PG = 75.3◦,	PW = 59.7◦,	GW = 61.4◦, β = 89.1◦)
2.30 −85 mm/yr (	PS = 79.5◦,	PM = 62.6◦,

	SM = 60.6◦, β = 64.4◦)
2.31 −73.8 mm/yr (	PE = 84.1◦,	PA = 74.9◦,

	EA = 36.6◦, β = 72.5◦)
2.32 34.5 mm/yr−1, 35.7◦ E of S
2.33 35.8 mm/yr−1, 41.9◦ E of S
3.1 180 MPa
3.2 42 MPa, 125 MPa
3.3 νσ1,−ν(1 + ν)σ1/E
3.4 (2ν2 + ν − 1)ρgy/E, (1 − 2ν)ρgy
3.7 x(L − x)M0/2D
3.8 x(3L2 − 4x2)Va/48D
3.9 q(L − x),−q(L − x)2/2
3.10 32.4 MPa, 0.027 MPa
3.11 −x3L × q/12D + 3x2L2q/16, 0 < x < L/2(16x4 − 64x3 L + 96x2L2 − 8xL3 + L4) ×

q/384 D L/2 < x < L
3.12 (9 Lx2 − 4x3)Va/12D 0 < x < L/2(24 Lx2 − 8x3 + 6 L2x − L3)Va/48DL/2 < x < L
3.13 (x4 − 2x3L + xL3)q/24D, L/2, 3L2q/4h2

3.14 0.405 m
3.15 (L4q0/π

4 D) sin(πx/L)

3.17 (p − ρgh)(L2 − 12x2)/24, ± L/2
3.18 (p − ρgh)(12x2 − L2)/4h2, ± L/2
3.20b 1.0 GPa
3.21 18.1 km
3.22 16.5 km
4.3 18 ppb, 72 ppb, 0.108%
4.4 7.4 × 10−12 W kg−1, 3.1 × 10−13W kg−1, 1.5 × 10−11 W kg−1, 1.1 × 10−9 W kg−1,

7.7 × 10−10 W kg−1, 3.4 × 10−10 W kg−1, 3.5 × 10−12 W kg−1

4.5 9 × 10−11 W kg−1

4.7 16 mW m−2, 10 km
4.8 q∗ = qm + ρhrH∗
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4.9 137 km, 0.52 μW m−3

4.10 qs = qm + 1
2
ρHsb

T = T0 + 1
k

(
qmy + 1

2
ρHsby

− 1
2
ρHsy2 + 1

6
ρHsy3

b

)

4.11 55.5 mW m−2, 608.5 ◦C
4.14 58,000 K

4.15 T0 + ρH
6k

(a2 − b2) + �b

4,16 T0 + qsa
k

(
3
2

a
b

− 1
)

4.17 T0 + ρH
6k

(a2 − r2) + 1
3

ρHb3

k

(
1
a

− 1
r

)
,

a > r > b
4.19 733 m
4.20 43.8 mW m−2

4.23 1.3 × 1012 yr, 1011, 3.6 × 1011, 1.2 × 1012, 1.9 × 1011

4.24 7.4 × 10−15 K s−1

4.25 9.3 × 10−15 K s−1

4.26 3.16 m, 9.94 m
4.27 950 m
4.28 1.14 m
4.29 5.2 × 10−3 K

4.30
π

4
+ nπ, n = 1, 2, 3 . . .

4.31 3.64(κt)1/2

4.32 3 × 105 sec
4.34 T0 + βy − 	T0erfc

y

2
√

κ(t + τ)
,−τ < t < 0

T0 + βy − 	T0erfc
y

2
√

κ(t + τ)

+	T0erfc
y

2
√

κt
, t > 0

4.37 0.32 m
4.38 26 Myr
4.39 65.9 Myr, 92 km

4.40
κ(Tm − T0)

(πκt)1/2 erf λ1
, eλ2

1

4.41 T0+ (Tm−T0)

erf λ3
erf

(
y

2
√

κt

)
, 0 < y < ys

Tv − (Tv − Tm)

erfc λ3
erfc

(
y − y5

2
√

κt

)
, y > ys

(Tm − Tv)

erfc λ3
− (Tv − Tm)

erfc λ3
=

√
π Lλ3eλ2

3

c
4.42 32 km
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4.43 140 km
4.44 1.29 days

4.46 T0 + (T∞ − T0) exp
(

−Uξ

κ

)

4.47
T0 − T∞erf(α/2

√
κ)

1 − erf(α/2
√

κ)

+
[

T∞ − T0

1 − erf(α/2
√

κ)

]
erf

y

2
√

κt

4.48
qm

ρ[L + c(Tm − T0)]
4.49 16.5 MPa
4.50 6.4 km
4.52 500 m, 200 m
4.53 0.04 mm yr−1

4.54
χ(ρm − ρl)yL

(ρm − ρw)
, 0.6

4.55 320 m
4.56 4.2 km
4.57 2–3 km
4.58 7.6 km, 12.8 km
4.59 10.6 km, 18.5 km
4.60 2.46 km
4.61 68 K
4.62 17,000 K
4.63 2.7 K
4.67 7.1 ×10−7 m2 s−1

4.68 2.3 ×10−10 m2 s−1

5.1 1.67 × 10−3

5.2 3.4 621 × 10−3

5.3 (a) 6.25 × 107 J, (b) 1.12 × 104 m s−1,
(c) 62,200 K

5.4 No
5.5 9.78031846 m s−2, 9.832177 m s−2,

9.7804629 m s−2, 9.832011 m s−2

5.7 ge + 2Gb/a3

5.8 4140 kg m−3, 12,410 kg m−3

5.9 4460 kg m−3

5.10 3.74 days
5.11 21 hours
5.12 13 million tons
5.16 3.98 mm s−2

5.18 8.1 km
5.19 4.3 × 106 kg m−2

5.20 0.044978 mm s−2, −0.56184 mm s−2
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5.22
πG
g

ρcu

{
2h

[
H +

(
ρm − ρcl

ρm − ρcu

)
bL

]
+ h2ρm

(ρm − ρcu)

}

5.23 14.4 km

6.2
1
2

dp
dx

(2 y − h) − μ
u0

h
,−μ

u0

h
,

1
2

dp
dx

(2 y − h)

6.3
h
2

+ μ0u0

h(dp/dx)

6.4
ρgh2 sin α

3μ
,

(
3μQ

ρg sin α

)1/3

6.5 0.317 MPa
6.6 19.2 MPa
6.7 1.27 × 10−20

6.8 0.025 m, 0.84 m s−1, 4 × 104

6.9 (ρs − ρl)gd3/12μ

6.10 − 1
2μ

dp
dx

(
y3

3
− hy2

2

)
+ u0y2

2h
− u0y,

−u0

[
y − y2

2h
+ 6

(
hL

h
+ 1

2

)(
y3

3h2 − y2

2h

)]

6.12 0.61 km, 0.22 km, 4 × 1021 Pa s

6.13 u = −√
2U(

2 − π2

4

)
[
π

2
+

(
π

2
− 2

)
tan−1 y

x
−

(
πx
2

+
[

2 − π

2

]
y
)(

x
x2 + y2

)]

v = −√
2U(

2 − π2

4

)
[
π

2
tan−1 y

x
−
(

πx
2

+
[

2 − π

2

]
y
)(

y
x2 + y2

)]

u = U( 9π2

4 − 2
)
{(

9π2

4
− 2

)
+ π(2

√
2 − 3π)

−
[√

2
(

2 + 3π

2

)
− 2

(
1 + 3π

2

)]
tan−1 x

y
−

[(
2 − √

2
3π

2

)
x

+
(√

2
[

2 + 3π

2

]
− 2

[
1 + 3π

2

])
y
]

× x
x2 + y2

}

v = U( 9π2

4 − 2
)
{(

2 − √
2

3π

2

)
π +

(
2 − √

2
3π

2

)
tan−1 y

x

−
[(

2 − √
2

3π

2

)
x +

(√
2
(

2 + 3π

2

)

−2
[

1 + 3π

2

])
y
]

x
x2 + y2

}
6.15 4.6 × 1018 Pa s
6.16 195,000 yr
6.20 3.3 × 1018 Pa s



Answers to Selected Problems 583

6.21 8.46 × 1020 Pa s
6.24 52 km, 55 m3 s−1, 4.6 × 1010 W, 0.21 m yr−1, 1.38×108 km3

6.25 74 km, 232 m3 s−1, 1.9 × 1011 W, 0.42 m yr−1, 2.22 × 109 km3

6.26 T = C1x + C2 + C1

4κμ

(
1
6

y4 − 1
4

d2y2 + 5
96

d4
)

q = C1kd3

24κμ
, h = 70

17
k
d

, Nu = 70
17

6.29 2.4 × 105, 2.9 × 109, 4.2 × 107, 1.2 × 106

6.30 1.16 b, 7.85 b
6.33 14.4 km
6.35 0.32

6.38 T0 + μu2
0

kh2

(
hy − 1

2
y2
)

,
μu2

0

h
,
μ u2

0

2, k
7.1 547 kJ mol−1

7.3 1.6 × 108 Pa
7.4 1.24 × 103 J kg−1 K−1

7.11 −72 bar
7.13 137 MPa, 860 K
7–21 σ ∗, σ ∗/

√
6

7.18
σ0

E
,
σ0

E
+ σ0t

2μ
,
σ0t
2μ

7.22 σ0/[(1 − ν)2 + 1]1/2,

(1 − ν2)σ0/E[(1 − ν)2 + ν]1/2

7.23 2τ ,
√

3τ

7.24 2πσ0

(
a3

3
− c3

12

)
,
πσ0a3

2
,

2πσ0a3

3
8.1 38.7◦
8.5 2
8.8 3.55 × 1017 J, 0.025%


