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This datashare presents an appendix describing theequaionsin thearticle.!

APPENDIX

Equation (2) to describe the kinematics of any detachment fold

From angular relationshipswe knowtha (Figure 21):

Lb+ Lt + Lf =S+ Lbcog9b) + Lt + Lf cog9/) (21).

Simplifying:

Lb+ Lf =S+ Lbcog9b) + Lf coqIY) (22).

Rearranging we obtain equdion (2).

Equation (6) to describe the kinematics of detachment folds formed according to the
Dabhlstrom (1990) model
From angular relationships we know tha the area of the core of a detachment fold (Figure

21)is

uLbcos(! b) N uLfcos(! f) N
2

) ult (23).

Subdituting the uplift from equaion (1):

Lb? cos(! b)sin(! b) N Lf? cos(! f)sin(! f)

, : + LtLf sin(! f) (24).

Equaing this expression to the shortening times the depth to detachment we obtain equaion
(6).



Equation (7) to describe the kinematics of detachment folds formed according to the Blay et
al. (1977) model

From angular relationshipswe know (Figure 21):

sin(9b/2) +(9f /2))  sin(90° - (9b/2))
Lbcos(9b) + Lt + Lf cos(Of) b

(25).
Rearranging the equaion gives:

b - sin(90° ! (" b/ 2))(Lbcos(" b) + Lt + Lf cos(" f)) (26)
B sin(("b/2)+("f/2)) '

From angular relationshipswe also know:

2= bsin(90° = (97 / 2) (27).
Subdituting equation (26) into equaion (27):
sin(90° — (Ob/2))sin(90° - (9f / 2))(Lbcos(9b) + Lt + Lf cos(9f))

2= sin((9b/ 2) + (9F /2)) (28).

Applying the equaion of sinusof addition of two angles:

- (sin90°cos(! f/2)" cos90°sin(! f / 2))(sin90°cos(! b/2) " cos90°sin(! b/2))
sin((! b/2)+( f/2))

(Lbcog9b) + Lt + Lf cog9f))

(29).

Simplifying we obtain equaion (7).

Equation (8) to describe the maximum fold core area of a detachment fold formed according
to De Sitter (1956) model

The area vs. shortening fundion in a De Sitter type detachment fold starts at area
equd to zero, increases to a maximum and then decreases to zero again. We know that at
maxima, the first derivative of a fundion is zero. Theefore, to know the point where the

fold core areais maxima, we have to find thefirst derivative of the area fundion and equae



this fundion to zero. The equaion tha describes the fold core area is equaion (24). This
equdionis expressed as afundion of Lb, Lf, Lt, 9b and 9f. In a De Sitter type detachment
fold, Lb, Lf and Lt are congant values, whereas Ob and 9f are unknown. Firstly, 9b will be
expressed as a fundion of 9f in orde to have only one unknown in equdion (24).

Rearranging equaion (1):

AT
SINC D)= psin 1) (30)

From trigonorretric relationshipswe al so know tha:

sin’(9b) + cos (9b) = 1 (312).
Rearranging this equdion:
cos(! b) = (1" sin’(! b)) (32).

Subdituting equation (30) into equaion (32):

coq! b) = (L" Lf? 1 LH?sin(! f))M? (33).
Subdituting equaions(30) and (33) into equaion (24) we obtain the fold core area (A) as a
fundion of 9f:

Lb(1- (Lf | Lb?)Sin(9f))"(Lf | Lbsin(df)) ,  Lf*(coddf)sin(dy))
2 2

A =

+LtLf sin(9f) (34).

To find the first deivative of equaion (34) we will subdvide the equdion in three pats
separated by additions

Thederivative of thefirst pat of equaion (34)is:

dl(Lb* / 2)(1 - (Lf * / Lb?)sin®(9f))" *(Lf / Lbsin(9f ))] _
dof
L2 (Lf2 1 Lb?)sin?(" )Y2(Lf | Lbcog" f))
2




_LB*(L- (Lf? | Lb?)sir? (97)) M 2(sin(9y) co 07))(Lf | Lbsin(D/)

5 (35).
Simplifying:
d[(Lb®/ 2)@ - (Lf 2/ Lb*)sin?(9f))""*(Lf / Lbsin(9f))] _
dof -
(Lf co I N(LbA - (Lf? | Lb*)sir? (9f))M2) = (LH? | Lb)(L - (Lf? ] Lb?)sin?(9f)) ™2
2
(sin’(/))] (36),
Thederivative of thesecond part of equaion (34)is:
d[(Lf*/ 2)(cos(! f)sin(! f))] _ Lf*(cos(! f)cos(! f)), Lf*(sin(! f)sin(! f))
= (37).
dl f 2 2
Simplifying:
d(Lf* 1 2)(cog9f)sin(df))] _ Lf*(cos (9f)sin*(9/))
= (38).
dof 2
Thederivative of thelast part of equdion (34)is:
d[L“‘;;n(ﬂf)] = LtLf cos(9f) (39).

Adding equation (36) plus equdion (38) plus equaion (39) we obtain the first derivative of

theareavs. shortening fundion, which equaed to zero gives usequdion (8).

Development of equation (17) to asses the angular shear of a detachment fold without flat

top and with forelimb thinning or thickening

To estimate the angular shear in the case of a detachment fold withouta flat top and

with forelimb thickness variation, severa preliminary equaions mus be developed. The

globd angular layer-paralel shear for an individual fold is equd to the shear in theforelimb,

minusthe shear in thehinge plusthe shear in thebacklimb.



A) Shear inthehinge
Theangular shear in the hingezoneis given by (Figure 22):

£1an(90° " #**) + tan(90°  #*)

I o=tan' [ ;

] (40).

Frominternd angular relationshipswe know that (Figure 22):.

t t

= 41).
cos(90° - y*) cos(90° — y **) (41)
Using theformulas of addition of two angles this equaion can be expressed as.
c0s90° cosy * * +sin90’siny ** = (Cos90" cosy t+sm900 siny*) (42),
andfindly as.
. fsin! *
I ** = gin l[t ST (43).

Replacing equéaion (43) into general equaion (40) we obtain the angular shear in the hinge

zoneas afundion of thethickness and y*:

t' tan(90° " (sin''[t' /tsin #*]))
t

I =tan''[ +tan(90° " #*)] (44).

B) Shear in theforelimb
Theangular paallel shear in theforelimb can be expressed as (Figure 22):.

L t1an(90° " #*** $+x)

I =tan '[tan(90°" X) ;

] (45).

In theforelimb, usng trigononetric relationsips we know tha (Figure 22):

t 3
sinx sin(! **+" # x)

(46).

Using theformulas of addition of two angles this equaion can be expressed as.



tsin(y ** + §)cosx —rcoq y* * + §)sinx =7 sinx (47),

and smplifying:
t+tcog! ** + ")

Ccotx = X
YT sl r ) (48)

Replacing y** from equdion (43) into equaion (48) and rearranging we obtain the following

equdion:

tsin(sin' [t' /tsin "*] + #)
t' +tcogsin [t /tsin"*] + #)

x =tan' ] (49).

Replacing equaions (43) and (49) into general equdion (45 the angular shear in the

forelimb can beaso expressed as afundion of thethickness, & and y*:

tsin(sin” '[¢' /tsin#*] + $) )+
t'+t cos(sin [ /tsin #*]+ $)

tsin(sin*[t' /tsiny*] + )
t' +tcogsin[t' /tsiny*] + 6

! =tan '[tan(90° " tan [

tt tan(90° — sin [t /tsiny*] = & + tan™'[

DI (50).

C) Shear inthebacklimb
Theangular shear in the backlimb is expressed by (Figure 22):

Y =tan ' [2tan(8 /2 -y */2)] (51).
By subtracting equaion (40) to equdion (45) plus equaion (51), equdion (17) is
obtainad.

To plot the total angular shear for a detachment fold without flat top and forelimb
thinning or thickening (Figure 16) equaion (17) has to be expressed as a fundion of the
thickness, 8 and y*. Thisis obtained from equaion (50) minusequaion (44) plus equdion
(52).



tsin(sin[t' /tsiny*] + 9) )+
t'+t cogsin'[t' /tsiny*]+ )

tsin(sin*[t' /tsiny*] + )
t' +tcogsin[t' /tsiny*] + 6

y = tan [tan(90° — tan

tt tan(90° — sin [t /tsiny*] — & + tan [

DI -

f'tan(90’ ! (sin'Y[# /tsin"*]))
t

tan' [ +tan(90" ! "¥)] +

tan' [2tan(" / 2! #* [2)] (52).



