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#EUROPA ROCKY INTERIOR STRENGTH

#

#DESCRIPTION:

#This code calculates various properties of the rocky core of Europa to find
#the potential for fractures and other geologic constraints.

#

#USER INTSTRUCTIONS:

#Users can change the variables graphoutput or body to determine the output
#and scenario used in the calculations.

#"graphoutput" is defined on Line 47

#"body" is defined on Line 57

#

#

#CODE AUTHORS:

#Henry Dawson, Paul Regensburger, Doug Hemingway

#

#DATE LAST UPDATED:

#November 20, 2025

#

#ASSOCIATED PUBLICATION:

#"Little to No Active Faulting Likely at Europa’s Seafloor Today"

#Paul K. Byrne, Henry G. Dawson, Christian Klimczak, Paul V. Regensburger,
#Kelsey T. Crane, Jeffrey G. Catalano, Catherine M. Elder, Bradford J. Foley,
#Christopher R. German, Austin P. Green, Douglas J. Hemingway,

#Mohit Melwani Daswani, Mark P. Panning, Noah Randolph-Flagg,

#Barbara Sherwood Lollar, Philip Skemer, Steven D. Vance,

#and Douglas A. Wiens

#Nature Communications

#Manuscript number: NCOMMS-25-11067B

FHAH S A R A

#Europa Pipeline
import numpy as n
import pylab as p
import time
import math

### DESIRED GRAPHICAL OUTPUT

#Change the variable "graphoutput" to the value corresponding with the plot you
#Gravity, full body = 1

#Pressure, full body = 2

#Linear Fault Strength, core = 3

#Log Fault Strength, core = 4

#Temperature, core = 5

#Brittle vs Ductile Differential Strength = 6

#Brittle vs Ductile Absolute Strength = 7

#No Graphical Output = 8

graphoutput=6

depth = 100 # m depth below seafloor, change to report values at different depth

### SELECTION OF MODEL

#Change the variable "body" to the value corresponding to the model you want
#Earth = 1

#Europa = 2

#Enceladus = 3

#Moon = 4

body = 2
if body==1:

name = 'Earth'
g surf = 9.8 # m/s”2 surface gravity

want



67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

rho core = 10650 # kg/m"3 density of iron core approximation
rho rock = 4500 # kg/m”"3 density of mantle rock approximation

rho crust
rho _hpice
rho water
rho out =
R = 63780
Docean =
Dice = 0.
Dhpice =
Dcrust =
Riron = 3
mu £ = 0.
#mu £ = 0
g = 0.02
strain =
graph dep

# #Dry Ol
A 11000
m 3.5
Qc = 5300
COH =1
r C OH =
Volume =
1997)

3 = 0 #Gr

= 89
3.5
c = 48
=0 #
OH =

(ORE=TNE =

S S S e S S e 3
H Q4

<

lume

elif body==2:

C OH =
= 1le-6 # Specific volume for dislocation of wet olivine

2530 # kg/m"3 density of crustal rock approximation
0
= 1030 #kg/m"3 density of liquid water
926.772 #kg/m”3 density of ice Ih outer shell
00. # m radius of moon
3682. # m thickness of liquid ocean
# m thickness of ice shell
0 # m thickness of high pressure ice
0 # m thickness of lower density crust
486000 # m radius of iron core
15 # friction coeff (Chrysotile, Tesei et al., 2018)
.000035 # friction coeff (Used for mantle convection)
# K/m
10 ** (-15) # s~-1
th = 500 # Depth shown on plots 3-6

ivine (Hirth and Kohlstedt, 2003)

0 # MPa”(-3) s~ (-1)

# stress exponent

00. # J/mol

#H/10"6 Si, H contentration

1 # Coefficient on C_OH

l4e-6 # Specific volume for dislocation of dry olivine

ain size exponent

#Wet Olivine (Hirst and Kohlstedt, 2003)

# MPa” (-3) s”(-1)
# stress exponent
0000. # J/mol
Grain size exponent
1000 # H/1076 Si (Bai and Kohlstedt, 1992)
1.2 # Coefficient on C OH

name = 'Europa'

eccen = 0
g surf =
M = 1.898
a = 67110
rho core

.009

1.315 # m/s"2 surface gravity
13e27 # mass of Jupiter
0000. # avg orbital radius

= 8000 # kg/m”"3 density of iron core approximation

rho rock = 3427 # kg/m"3 density of mantle rock approximation

rho crust
rho _hpice
rho water
rho out =
R = 15608
Docean =
Dice = 30
Dhpice =
Dcrust =
Riron = 4
mu £ = 0.
g = 0.01
strain =
graph dep

# #Wet 01
A =89 #
m= 3.5

Qc = 4800
J = 0 #Gr

= 2530 # kg/m"3 density of crustal rock approximation
0
= 1025 #kg/m"3 density of liquid water
925 #kg/m"3 density of ice Ih outer shell
00. # m radius of moon
97000. # m thickness of liguid ocean
000. # m thickness of ice shell
0 # m thickness of high pressure ice
1000 # m thickness of lower density crust
75000 # m radius of iron core
15 # friction coeff (Chrysotile, Tesei et al., 2018)
# K/m, temperature gradient
10 ** (-20) # s”-1, strain rate
th = 300 # Depth shown on plots 3-6

ivine (Hirst and Kohlstedt, 2003)
MPa” (-3) s”(-1)

# stress exponent

00. # J/mol

ain size exponent

(Kurato and Rubie,
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C OH = 100
r C OH = 1.
Volume = 11

# H/10"6 Si, H contentration (Bai and Kohlstedt, 1992)
2 # Coefficient on C OH
e-6 # Specific volume for dislocation of wet olivine

## OTHER AVAILABLE FLOW LAWS

# #Dry O1
A = 11000
m = 3.5

j = 0 #Gr
Qc = 5300
C OH =1
r C OH =

<
o
=
c
3
®
Il

# # #Wet O1
# A = 2.5e-
# m2= 1 #

# 3 = 3 #Gr
# Qc = 3750
$ C OH = 10
# r C OH =

# Volume
1997)

#Wet OL
89 #
3

.5

c = 4800
J 0 #Gr
C OH = 10
r C OH =
Volume =

| OR= T S
Il

elif body==3:

name = 'Enc
eccen = 0.0
g surf = 0.
M = 5.68e26
a 2380200
rho core =

rho rock =

rho crust =
rho hpice =
rho water =
rho out = 9
R = 252300.
Docean = 13
Dice = 5000

Dhpice = 0
Dcrust = 0
Riron = 0
mu £ = 0.15
qg=0.01 #
strain = 10

graph depth

# #Wet Oliv
A=89 #MPa” (
m=3.5 #stre
Qc=480000.
=0 # Gr
~OH = 100
OH = 1.

K Qu.
Q

ivine Dislocation (Hirth and Kohlstedt, 2003)

0 # MPa”™(-3) s”(-1)

# stress exponent

ain size exponent

00. # J/mol

#H/10%6 Si

1 # Coefficient on C OH

l4e-6 # Specific volume for dislocation of dry olivine

ivine Diffusion (Hirth and Kohlstedt, 2003)

7  # MPa”(-3) s (-1)

stress exponent

ain size expoment

00. # J/mol

0 #H/1076 Si

1 # Coefficient on C OH

10e-6 # Specific volume for dislocation of wet olivine

ivine (Hirst and Kohlstedt, 2003)

MPa” (=3) s”(-1)

# stress exponent

00. # J/mol

ain size exponent

0 # H/1076 Si

1.2 # Coefficient on C OH

lle-6 # Specific volume for dislocation of wet olivine

eladus'

045

113 # m/s”2 surface gravity

# mass of Saturn

00. # avg orbital radius

0 # kg/m”3 density of iron core approximation
2701 # kg/m"3 density of mantle rock approximation
2530 # kg/m"3 density of crustal rock approximation
0

1110 #kg/m”3 density of liquid water
25 #kg/m"3 density of ice Ih outer shell

# m radius of moon

000. # m thickness of ligquid ocean

0. # m thickness of ice shell

# m thickness of high pressure ice

# m thickness of lower density crust

# m radius of iron core

# friction coeff (Chrysotile, Tesei et al., 2018)

K/m

** (-20) # s~-1

= 250 # Depth shown on plots 3-6

ine (Hirst and Kohlstedt, 2003)

-3) s”(-1)
Ss exponent
#J/mol

ain size exponent
#H/10"6 Si, H contentration (Bai and Kohlstedt, 1992)
2 4 Coefficient on C OH

(Kurato and Rubie,

(Kurato and Rubie,
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Volume = lle-6 # Specific volume for dislocation of wet olivine
elif body==4:

name = 'Moon'

eccen = 0.0549

g surf = 1.62 # m/s"2 surface gravity

M = 5.972e24 # mass of Earth

a = 385000000. # avg orbital radius

rho core = 8000 # kg/m"3 density of iron core approximation

rho rock = 3427 # kg/m"3 density of mantle rock approximation

rho crust

2530 # kg/m"3 density of crustal rock approximation

rho _hpice 0

rho water = 1025 #kg/m”3 density of liquid water
rho out = 925 #kg/m"3 density of ice Ih outer shell
R = 1740000. # m radius of moon

Docean = 0. # m thickness of liquid ocean

Dice = 0. # m thickness of ice shell
Dhpice = 0 # m thickness of high pressure ice
Dcrust = 0 # m thickness of lower density crust

Riron = 350000 # m radius of iron core
#mu £ = 0.06 # friction coeff (.6 or .3)

mu £f = 0.15 # friction coeff (Chrysotile, Tesei et al.,

g = 0.002 # K/m
strain = 10 ** (-18) # s"-1
graph depth = 500 # Depth shown on plots 3-6

# #Dry Olivine (Hirth and Kohlstedt, 2003)
A = 110000 # MPa”(-3) s”(-1)
m = 3.5 # stress exponent
Qc = 530000. # J/mol

C OH = 1 #H/1076 Si, H contentration

r COH =1 # Coefficient on C OH

Volume = l4e-6 # Specific volume for dislocation of dry olivine

1997)

#Constants and Parameters
G = 6.67408*%(10.%*(-11.)) #m"3 / kg s”s

2018)

Rc = R-Dice-Docean-Dhpice # m outer radius of the rocky interior

Rm = Rc-Dcrust # m outer radius of mantle
Rhp= R-Dice-Docean #m outer radius of high pressure ice
Rocean = R-Dice # m outer radius of the ligquid ocean

#Uncomment to confirm radius of mantle and core
# print (Rm/1000, ' km, Rm'")
# print (Rc/1000, ' km, Rc'")

#Initialize radius array

r=n.zeros((int(R)+1))

for i in range(len(r)):
r[i]=1

dr=r[1]-r[0]

### GRAVITY SECTION

# Analytical Calculation of Gravity using Enclosed Mass
g=n.zeros(len(r))

M encl=0.0

M iron=(4./3.)*n.pi*rho core* (Riron**3.)

M silicate=(4./3.)*n.pi*rho rock* ((Rc**3.)-(Riron**3.))
M crust=(4./3.)*n.pi*rho crust* ((Rc**3.)-(Rm**3.))

M hp=(4./3.)*n.pi*rho _hpice* ((Rhp**3.)-(Rc**3.))

M ocean=(4./3.)*n.pi*rho water* ((Rocean**3.)-(Rhp**3.))

(Kurato and Rubie,
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M ice=(4./3.)*n.pi*rho out* ((R**3.)-(Rocean**3.))

# Recalculate the density of the mantle based upon the set thickness of the crust
rho rock = (M _silicate - M crust)/((4./3.)*n.pi*((Rm**3.)-(Riron**3.)))

M rock=(4./3.)*n.pi*rho rock* ((Rm**3.)-(Riron**3.))

M rock tot = M rock+M crust

### UNCOMMENT TO CONFIRM THAT NEW MANTLE DENSITY RESULTS IN IDENTICAL TOTAL MASS
# print (M rock tot, 'kg, mass new method')

# print(rho_rock, 'kg/m"3, density new method')

# print (M silicate, 'kg, mass old method')

# print (rho rock, 'kg/m”3, density old method')

for i in range(len(r)):

if r[i] <= Riron and r[i] > 0.0:
glil=(4./3.)*G*n.pi*rho core*r[i]

elif r[i] >Riron and r[i]<=Rm:
M encl=M iron+((4./3.)*n.pi*rho rock* (((r[i])**3.)-(Riron**3.)))
g[i]1=(G*M _encl)/ ((r[i])**2.)

elif r[i] > Rm and r[i] <= Rc:
M encl = M iron+M rock+((4./3.)*n.pi*rho crust* (((r[1i])**3.)-(Rm**3.)))
gl[i]l = (G * M_encl) / ((r[i]) ** 2.)

elif r[i] > Rc and r[i] <= Rhp:
M encl=M iron+M rock+M crust+((4./3.)*n.pi*rho hpice* (((r[i])**3.)-(Rc**3.)))
g[i]=(G*M_encl) / ((r[i])**2.)

elif r[i] > Rhp and r[i] <= Rocean:
M encl=M iron+M rock+M crust+M hp+((4./3.)*n.pi*rho water* (((r[i])**3.)- (Rhp**3.
)))
g[i]=(G*M_encl) / ((r[i])**2.)

elif r[i]>Rocean and r[i]<=R:
M encl=M iron+M rock+M crust+M hp+M ocean+((4./3.)*n.pi*rho out* (((r[i])**3.)-(
Rocean**3.)))
g[i]=(G*M_encl) / ((r[i])**2.)

elif r[i]>R:
M encl=M iron+M rock+M crust+M hp+M ocean+M ice
g[i1=(G*M_encl) / ((r[i]) **2.)

#Define density as a function of radius
def rho(r):
if r <= Riron and r > 0.0:
rho= rho core
elif r>Riron and r<=Rm:
rho= rho rock
elif r>Rm and r<=Rc:
rho= rho crust
elif r > Rc and r <= Rhp:
rho= rho hpice
elif r > Rhp and r <= Rocean:
rho= rho water
elif r>Rocean and r<=R:
rho= rho out
else:
rho=0.0
return rho

density=n.zeros(len(r))
for i in range(len(r)):
density[i] = rho(r[i])

#Print the calculated surface gravity
print("{:.3f}".format(g[(len(r)-1)1),' (m/s"2): Surface Gravity')
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### UNCOMMENT THIS SECTION FOR A PLOT OF GRAVITY VS DEPTH
# p.plot(g, (R-r)/1000., "b")

# p.title("Gravity vs Radius for " + name)

# p.ylabel ('Depth (km) ")

# p.xlabel ("Gravity (m/s”2)")

# p.show ()

### PRESSURE SECTION
dp = density*g*dr
P =dpl[::-1].cumsum() [::-1]

#Print the pressure at the center of the body
print(round(P[1]/1000000),' (MPa): Pressure at Center of Body')

#Isolating Properties of Rocky Core Only
rcore=n.zeros(int ((Rc)+1))
gravcore=n.zeros (int((Rc)+1))
Pcore=n.zeros(int ((Rc)+1))
hydrostat=n.zeros(int((Rc)+1))
for i in range(len(rcore)):
rcore[i]l=r[i] #radius in the core
gravcore[i]l=g[i] #gravity in core
Pcore[i]=P[i] #core pressure only
drcore=rcore[l]-rcore[0]

#Print the pressure and gravity at the Seafloor

seafloor grav=gravcore[len(gravcore)-1]

seafloor pressure=Pcore[len(Pcore)-1]
print("{:.3f}".format(seafloor grav),' (m/s"2): SeafloorGravity")
print("{:.2f}".format(seafloor pressure/1000000),' (MPa): Seafloor Pressure' )

if Docean!=0: #For bodies that have an ocean, calculate the hydrostatic pressure gradient
#Pore Pressure Calculation
hydrostat = ((P[len(Pcore)+1]-P[len(Pcore)])/(r[len(Pcore)+l]l-r[len(Pcore)]))* (rcore-
r[len(Pcore)])+P[len(Pcore)] #Hydrostatic pressure gradient
P fluid ratio = 0 #0 for hydrostatic pore fluid pressure, 1 for lithostatic pore
fluid pressure
Pfluid = hydrostat + (Pcore-hydrostat)*P fluid ratio
Peffective = Pcore - Pfluid
print("{:.3f}".format((Pfluid[len(Pfluid) - depthl]) / 1000000), ' (MPa): Fluid
pressure at 1000m ')

else: #For bodies without an ocean, effective pressure is the same as the lithostatic

pressure
Peffective = Pcore
Pfluid = 0

### UNCOMMENT THIS SECTION FOR A PLOT OF TOTAL PRESSURE VS DEPTH
# p.plot(P/le6, (R-r)/1000., "k",label='Lithostatic Pressure')

# #p.plot(P2/1e6, (R-r)/1000., "r",label='Alternate Pressure')

# p.ylabel ('Depth (km) ")

# p.xlabel ("Pressure (MPa))")

# p.show ()

=

'O 'O 'O 'O 'O 'O T #*

UNCOMMENT THIS SECTION FOR PLOTs OF VARIOUS PRESSURES VS DEPTH IN CORE
.plot (Peffective/ (10**6), (R-rcore) /1000., 'g',label="Peffective ')

.plot (Pfluid/ (10**6), (R-rcore) /1000.,"'r',label="Hydrostat ")

.plot (Pcore/ (10**6), (R-rcore) /1000., 'c',label="Lithostat ')
.legend(loc="best"')

.yvlabel ('Depth (km)")

.xlabel ("Pressure (MPa))")

.ylim([500,017)

o S o e S o S
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# p.x1im([-200,30007)
# p.show ()

### FAULT STRENGTH SECTION

#Mohr-Coulomb Fault Strength Calculation
cohesion = 1.2e6 #Chrysotile (Tesei et al., 2018)
faultfriction=(mu f+n.sgrt(l+(mu_ f**2))) **2

UCS = 2*cohesion*n.sqgrt(faultfriction)
print("{:.2f}".format(UCS/1000000), ' (MPa): UCS")

normal max = (1. / faultfriction) * (Peffective - UCS) + Pfluid
thrust max=(faultfriction*Peffective) + Pfluid + UCS

#Differential Strengths
diff normal=(Pcore-normal max)
diff thrust=-(Pcore-thrust max)

#Print out the Fault Strengths at Depth of Choice
print("{:.3f}".format((thrust max[len(thrust max)-depth])/1000000), ' (MPa): Thrust fault
min strength at ',depth,'m ')
print("{:.3f}".format((normal max[len(normal max)-depth])/1000000), ' (MPa): Normal fault
min strength at ',depth,'m ')

print("{:.3f}".format((diff normal[len(normal max)-depth])/1000000), ' (MPa): Normal
fault differential strength at ',depth,'m ')

print("{:.3f}".format((diff thrust[len(thrust max)-depth])/1000000), ' (MPa): Thrust
fault differential strength at ',depth,'m ')
print("{:.3f}".format((Pcore[len(Pcore)-depth])/1000000), ' (MPa): Lithostatic stress at '
,depth, 'm ")

print("{:.3f}".format((Peffective[len(Peffective)-depth])/1000000), ' (MPa): Effective
stress at ',depth,'m ")

### DIURNAL TIDAL STRESS SECTION

# Constants and Parameters

nu = 0.28 # Unitless, Peridotite (Poisson's Ratio) (Li et al., 2018)
SM = 70e9 # Pa, Peridotite (Shear Modulus) (Christensen, 1966)

if body!=l: #For bodies other than Earth, calculate tidal stress

m core=M iron+M rock #Mass of silicate core
normal=-diff normal[len(normal max)-depth] #Pa, Normal fault strength at chosen depth

Rclkm=Rc-depth #Find the radius of the body at chosen depth below the seafloor
sigma=3.*eccen* (M/m core)* ((Rclkm/a)**3)*(5.*rho rock*seafloor grav*Rclkm/19.)*2%* (1+
nu) #Max stress caused by tidal bulge (3eH) (Collins et al., 2010; Melosh, 1977)
reqPfluid = ((faultfriction*Pcore) - Pcore - (faultfriction*sigma) + UCS)/(
faultfriction-1) # Required pore fluid pressure to drive faulting with current
eccentricity

#Print the Maximum Stress from Tidal Bulge

print(math. trunc(round(sigma,-2)),' (Pa): max stress from tidal bulge')
print("{:.3f}".format((reqPfluid[len(regqPfluid) - depth]) / 1000000), ' (MPa):
Required pore fluid pressure to drive normal faults at ',depth, 'm ')
print("{:.3f}".format((Pfluid[len(Pfluid) - depth]) / 1000000), ' (MPa): Hydrostatic
pore fluid pressure at ', depth, 'm ")
print("{:.2f}".format((regPfluid[len(regPfluid) - depth]-Pfluid[len(Pfluid) - depth
1) /Pfluid[len(Pfluid) - depth]*100), '% Overpressure to enable normal faulting at ',
depth, 'm ")

#Calculate and Print the Eccentricity Required for Tidal Forces to Fracture Rock
eccen fault=(1./3.)*normal* (m core/M)*((a/Rclkm)**3)*(19./(5.*rho rock*seafloor grav¥*
Rclkm) )/ (2* (1+nu) ) #Invert tidal stress to find eccentricity
print("{:.4f}".format(-eccen fault),'eccentricity req from tides to fracture rock at'
, depth, 'm depth')
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### RADIAL CHANGE AS ROCK FRACTURE MECHANISM

#Radial Change required to fracture rock

thrust=thrust max[len(thrust max)-1000] #Pa, Thrust fault strength at 1 km depth
da=(thrust/ (2*SM)) * ((1-nu)/ (1+nu)) *Rc #Change in radius (Melosh and McKinnon, 1988)
print("{:.2f}".format(da),' (m): Change in radius required to cause thermal fracturing')

##Temp change required for radial change to fracture rock

a 1l = 6.5*%10**(-5) #Coeffient of linear thermal expansion

delta_t = da/(Rc*a_1l) #Change in temperature

print("{:.2f}".format(delta t), '(K): Change in T required for cooling fracture')

### CALCULATION OF DUCTILE STRENGTH AND BRITTLE-DUCTILE TRANSITION
#Temperature Profiles

Tref=274. #K (freezing point of water)

T=(-q) * (rcore-Rc)+Tref #K, calculation of temperature profile

#Ductile Flow Strength
Rgas=8.3144 #J/K mol
grainsize = 1 # Grain size in microns

## Flow law

sigma ductile=((strain/(A*(C_OH**r C OH)))*(grainsize**j)*n.cxp((Qc+(Pcore*Volume))/(Rgas
*T)))**(1/m)

#intersection of sigma and normal faults

bdt = n.argwhere(n.diff(n.sign((thrust max/(le6)) - sigma ductile)) != 0).reshape(-1) + 0
#intersection indices of ductile and brittle strength

bdtthrust = n.argwhere(n.diff(n.sign((thrust max/(le6)) - sigma ductile)) '= 0).reshape(-
1) + 0 #intersection indices of ductile and brittle strength

bdtnormal = n.argwhere(n.diff(n.sign((normal max/(le6)) - sigma ductile)) '= 0).reshape(-

1) + 0 #intersection indices of ductile and brittle strength
ThrustTransitionPoint=(Rc-rcore[bdtthrust])/1000.
NormalTransitionPoint=(Rc-rcore[bdtnormall)/1000.

print('Possible Thrust BDT at', ThrustTransitionPoint,'km in depth') #kilometers depth
for BDT

print('Possible Normal BDT at', NormalTransitionPoint,'km in depth') #kilometers depth
for BDT

#print ('Pressure at base of lithosphere:', Pcore[bdt]/1000000, 'MPa')

#print (gravcore[bdt], 'gravity at BDT')

#print (thrust max[bdt]/1000000,' (MPa): Thrust differential strength at base of
lithosphere')

#print (normal max[bdt]/1000000, ' (MPa): Normal differential strength at base of
lithosphere')

#print (lithostat [bdt] /1000000, ' (MPa): BDT lithostat ")

#print (hydrostat[bdt] /1000000, ' (MPa): BDT hydrostat ')

### GRAPHING SECTION

#Graphing code (use radius on the y axis)

p.close()

if graphoutput==1:
p.plot(g,r/1000.,"b™)
p.title("Gravity vs Radius for " + name)
p.ylabel('Radius (km)"')
p.xlabel("Gravity (m/s”2)")

elif graphoutput==2:
p.plot(P/(10**9) ,r/1000.,"b")
p.title("Pressure vs Radius for " + name)
p.vlabel('Radius (km)"')
p.xlabel("Pressure (GPa)")

elif graphoutput==3:
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if body!=6: #Do not plot a hydrostat for the moon
p.plot(hydrostat/ (10**6) , (R-rcore) /1000., 'b--",label="'Hydrostat")

.plot(Pcore/ (10**6) , (R-rcore) /1000.,'r",label="Lithostat")

.plot(normal max/(10**6), (R-rcore)/1000.,'c',label="Normal')

.plot(thrust max/(10**¢), (R-rcore)/1000.,"'g"',label="Thrust")

.vlim([graph depth, 01)

.x1im([0, 200071)

.title('Fault Strength for ' 4+ name)

.ylabel('Depth (km) ")

.xlabel('Pressure (MPa)')

' 's ' 's ‘s 'O ‘T T

elif graphoutput==4:

if body!=4: #Do not plot a hydrostat for the moon

p.plot (hydrostat / (10 ** ¢6), (R - rcore) / 1000., 'b--', label='Hydrostat')
.plot(Pcore / (10 ** 6), (R - rcore) / 1000., 'r', label='Lithostat')
.plot(normal max / (10 ** 6), (R - rcore) / 1000., 'c', label='Normal')
.plot(thrust max / (10 ** 6), (R - rcore) / 1000., 'g', label='Thrust')
.plot(sigma_ductile, (R - rcore)/1000.,"c:", label='Ductile Low Strain')
.xscale('log')
.ylabel('Depth (km)"')
.xlim([le-6, 1e8])
.vlim([graph depth, 01])
.title('Log Plot Fault Strength for ' + name)
.xlabel('Pressure (MPa)')
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elif graphoutput==5:

.plot(T, (R - rcore)/1000.,'r',label="'Temperature")
.title('Geotherm for ' + name)

.vlim([graph depth, 01)

.xlabel ('Temperature (K)'")

.ylabel('Depth (km) ")

'O 'O 'O 'T 'O

elif graphoutput==6:

#p.plot (hydrostat/ (10**6), (Rc-rcore) /1000., 'b--"', label="Hydrostat"')
#p.plot (lithostat/ (10**6), (R-rcore) /1000., 'r',label="Lithostat"')
p.plot(-diff normal/(10**¢), (R-rcore)/1000.,"'y"',label="Normal')
#p.plot(normal_max/(lO**6),rcore/lOOO.,'c',label='Normal 40%")
p.plot(diff thrust/(10**6), (R-rcore)/1000., 'm',label="Thrust")
#p.plot (thrust max/ (10**6),rcore/1000.,"'g',label="Thrust 40%"')
p.plot(sigma ductile, (R-rcore)/1000.,"c:", label='Wet Olivine Dislocation')
p.plot(-sigma ductile, (R-rcore)/1000.,"c:")

p.yvlim([graph depth, 01)

p.x1im([-250, 250]) # For Europa

#p.x1im ([-13000, 13000]) # For Earth

p.yvlabel('Depth (km)"')

p.title('Plot Fault Strength for ' + name)

p.xlabel('Pressure (MPa)')

elif graphoutput ==

# p.plot(hydrostat/ (10**6), (Rc-rcore) /1000., 'b--",label="Hydrostat")
# p.plot(lithostat/ (10**6), (R-rcore) /1000., 'r',label="Lithostat")
p.plot(normal max / (10 ** 6), (R - rcore) / 1000., 'y', label='Normal')
p.plot(thrust max / (10 ** ¢), (R - rcore) / 1000., 'm', label='Thrust')
p.plot(sigma ductile, (R - rcore) / 1000., "c:", label='Dislocation')
p.plot(-sigma ductile, (R - rcore) / 1000., "c:")
p.vlim([graph depth, 0])
p.x1im([-1300, 1300]) # For Europa

# p.x1im([-13000, 130007]) # For Earth
p.ylabel('Depth (km)"')

p.title('Plot Fault Strength for ' + name)
p.xlabel('Pressure (MPa)')

elif graphoutput==8:

exit()

p.legend(loc="best')
p.show()



