Supplementary information: the routine

Variables

A
Amax
Amin

Workflow

1.

2.

latitude of the site

longitude of the site

age

upper bound of age

lower bound of age

Gaussian error around age

the applicable geological plate

latitude of the reference pole
longitude of the reference pole
colatitude of the reference pole

95% confidence interval of reference pole
latitude of the Euler pole

longitude of the Euler pole

colatitude of the Euler pole

rotation around the Euler pole
rotation axis

coordinate transformation matrix
latitude of the rotated reference pole
longitude of the rotated reference pole
colatitude of the rotated reference pole
paleolatitude of the site

inclination of the geomagnetic field at paleolatitude

uncertainty in inclination
upper bound of paleolatitude
lower bound of paleolatitude

Input: A5, @5, age, and (agemax & agemin, Or agepm)

if agemax, agemin = 0, calculate them from agepm

agemax = age + agepm,
aA8emin = ABE — aABCym

input
input
input
input
input
input

output

output
output

3. Determine age levels needed to obtain a proper error estimate. The

reference poles are determined for each 10 million years. The relevant

ages are therefore determined as follows:
(k+2) x 10Myr (k+1) x 10Myr

k x 10Myr
I

—

agemax age agemin
Here A, Amax, and Amin should be calculated for kx10Myr, (k+1)x10Myr,

and (k+2)x10Myr. For these ages the following workflow is to be
followed:



Select tectonic plate based on GIS
i. As, @s, = plate (select plate-ID from GIS-file)

Select Euler pole and reference pole from table
i. plate, age = Ag, @k,
ii. age =» A, @p, A95 (apparent polar wander paths)

Calculate the colatitudes of the Euler pole and reference pole
OE = 90 - AE
B, =90—A,

Rotate the reference pole around the Euler pole by Q
i. Define the x-, y-, z-unit vectors for the coordinate
transformation matrix L
0 0
e
0 1

1
x= 10 y =
ii. Define the Og-, @g-, rg-unit vectors for matrix L

0

cos g cos Og — sin @g COS @ Sin Og
O = |sin @g cos Og g = | cos g g = |sin @g sin Bg
—sin O 0 cos B¢

iii. Define coordinate transformation matrix L

L= |6y @'y Tg-§

iv. Convert reference pole to Cartesian coordinates
Cos @, sin 6, Xp
sin @ sin Bp = |¥p

Z

cos Gp p

v. Perform Euler pole rotation (backwards, hence - (1)
cos—Q —sin—Q 0] Xp Xp,rot
L|sin—Q cos—Q O|LT|Yp|= [Yprot

0 0 11 Zp

Zp,rot

vi. Convert the rotated pole to spherical coordinates
IF Xp,rot < 0 THEN:

_1 Yprot
Pprot tan~1 227 4 180
- [
,FO _
P cos™1

Zp,rot



IF Xprot 2 0 AND Vprot = 0 THEN:
-1 YII),I'O'E

= Xp,rot

1
Zp,rot

[(pp,rot] tan

e rot
P coS™

IF Xprot = 0 AND yyprot < 0 THEN:

= Xp,rot

[(pp,rot] tan
Op.rot

vii. Calculate latitude of rotated reference pole
7\p,rot =90 — ep,rot

e. Calculate the paleolatitude

A= tan-t SIN A 1ot SINAg + COS Ay 1ot COS Ag COS(Pp rot—Ps)

\/1 — (sin Aplmt sin A + cos ?\p'rot COS Ag cos(cpplmt—(ps))2

f. Determine the uncertainty in the paleolatitude

2
A=A
! % <1 + 3 cos?(90 — A))

g. Calculate upper and lower bounds for the paleolatitude
i. Determine the inclination of the geomagnetic field at the
paleolatitude

L 2X (sin Aprot SINAg + €COS A ¢ COS Ag cos((pplmt—(ps))

[ = tan™

\/1 - (sin Aprot SINAg + COS Ay 1o¢ COS Ag cos((pp,mt—cps))2
ii. Calculate the upper and lower bounds for the paleolatitude

Apin = tan~1(0.5 tan(I — A))
Amax = tan"1(0.5 tan(I + A))

4. Interpolate A for age

Ay — A
A = (age — (k + 2)x10Myr) <k+11Tyrk+2> + Apyy

5. Interpolate Amax, and Amin for agemax and agemin

Amaxk+1 — Amaxk
Aagemax = (agemax - (k + Z)X10Myr) < = +110MyrmaX +2> + Amax,k+2

etc, etc...
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6. Select the maximum occurring value of Amax, and the minimum occurring
value of Amin (the black crosses in the figure above)

Amax = maX(Amax,agemaX’ Amax,k+1' Amax,agemin)
Amin = mln(Amin,agemaX' Amin,k+1J Amin,agemin)

7. Output: As, 05, plate, age, agemin, ag€max, A, Amin, Amax



