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Abstract--In a cross-section through the southern arm of the Cantabrian Zone, several duplexes have been 
identified below the Esla Nappe, which is the uppermost and main thrust sheet of the area. The folds deforming 
the Esla Nappe are culmination walls linked to frontal and lateral ramps belonging to the lower thrust sheets. The 
thrust sequence can be established on the basis of quantitative analysis of displacement transfer and out of 
sequence thrusting. The primitive footwall ramps of the Esla Nappe Region were often subsequently broken by 
d6collements developed in successively lower stratigraphic levels of these footwaUs. The kinematics of the lowest 
duplex are more complicated than those of typical duplexes described elsewhere: some thrusts transfer only part 
of their displacement to the roof thrust, while the remaining part is accommodated along the higher thrusts of 
previously emplaced duplexes, cutting out of sequence one or more floor or roof thrusts. Cumulative displace- 
ment of the thrusts in this region is about 90 kin, giving a present thickness 3 times that of the original pre-orogenic 
sequence, together with a translation of at least 60 kin, for the synorogenic basin. 

INTRODUCTION 

ThE Cantabrian Zone is the unmetamorphosed part of 
the Hercynian Belt in NW Spain (Lotze 1945, Julivert et 

al. 1972) and forms the core of its arcuate shape. The 
most outstanding features of the zone are d6collement 
nappes directed towards the centre of the arc and two 
sets of cross folds (Comte 1959, De Sitter 1959, 1960, 
Julivert 1971, Julivert & Marcos 1973, Julivert & 
Arboleya 1984). A genetic relationship between folds 
and thrusts of the Esla Nappe Region may be postulated, 
as has been shown by Bastida et al. (1984) in the Somiedo 
Nappe Region. However, in the Cantabrian Zone the 
relationships between thrusts and folds are more compli- 
cated than in linear orogenic belts (e.g. Rocky, Appal- 
achian, Caledonian Mountains) owing to the con- 
vergence of several nappes towards the centre of the arc. 
Folds and faults related to the earlier thrusts have under- 
gone subsequent shortening in other directions as a 
consequence of the convergent emplacement of later 
thrusts. 

The Esla Nappe Region is located at the southern 
boundary of the Cantabrian Zone (Fig. 1). Almost the 
entire Paleozoic era is represented in the stratigraphic 
sequence of this region (Comte 1959, De Sitter 1959). 
Sedimentation took place on a stable marine platform 
producing 3-5 km of Cambrian-Namurian strata, which 
thin towards the NE as a result of a low-angle uncon- 
formity situated in the Upper Devonian. From Namu- 
dan B to Stephanian, a succession of up to 5 km of 
synorogenic sediments display great variations in facies 
and thickness with many unconformities. Some of these 
are localized as a result of synsedimentary tectonic 
activity (Alonso 1982a & b, 1985). 

The Esla Nappe, the main thrust sheet of the studied 
area, was initially studied by De Sitter (1959) and Rupke 
(1965) who proposed that the thrust cut up-section 

towards the NE in the direction of inferred transport. 
Arboleya (1978) inferred the same direction of displace- 
ment, based on the orientation of cleavage and boudins 
located in a narrow fault zone at the base of the nappe, 
together with folds associated with the frontal hanging- 
wall ramp (Julivert & Arboleya 1984). 

Thrust sheet emplacement in the Esla Nappe Region 
occurred in the Moscovian stage (Upper Carbonifer- 
ous), as inferred from the syntectonic unconformities 
covering the thrusts and the presence of olistoliths 
derived from the toe denudation. However, defor- 
mation continued, probably as a result of the emplace- 
ment of later nappes of the Cantabrian Zone outside this 
region and whose direction of advance is convergent 
with respect to the Esla thrust sheets. The variation in 
shortening direction throughout the orogenic period 
makes it difficult to locate plane-strain sections. Tear 
faults related to the Esla thrusts were later reactivated as 
reverse faults producing an outcrop pattern in which 
lower and rear sectors of the thrust sheets outcrop 
together with upper and more advanced ones. This 
disposition allows a relatively complete analysis of the 
displacement transfers between the various faults. 

This paper presents the geometry of the thrust systems 
of the Esla Region, discusses their thrusting and folding 
relationships, and then presents a quantitative displace- 
ment analysis of the different thrusts by means of a 
balanced sequence diagram. 

THE STRUCTURE OF THE ESLA NAPPE REGION 

Figure 2 shows the geology of the Esla Nappe Region, 
Fig. 3 the names of the principal structures (thrust 
sheets, thrust systems and main folds of the area) and 
Fig. 4(a) is a cross-section containing the direction of 
advance of the thrust sheets. 

969 



' 
i 

! 
, 

I 
; 

i 

~ 
0 DR

ID
 

O
 

IO
 

2
0

 
I 

I 
I 

30
 

4
0
 

50
 K

m
 

.t 

N
A

P
P

E
 

If 
IN

 O
O

W
- 

'."
 .

'.
'.

" 
." 

.':
" 

I 
t 

i 

I 

u
~

,,
~

 

J I 

I 
' 

IS
TU

D
IE

D
 

A
R

E
A

l 

--
[ 

P
R

E
C

A
R

B
O

N
IF

E
R

O
U

S
 

P
A

LA
E

O
Z
O

IC
 

R
O

C
K
S
 

~ 
PR

EC
AM

BR
IA

N 
RO

CK
S 

O
F 

TH
E 

NA
RC

EA
 A

N
Tt

FO
R

M
. 

r 

iU
E

R
G

A
-C

A
R

R
IO

N
 

P
R

O
V

!N
C

E
 

! 
; 

i 
i 

~1
~o

°o°
 

~ 
UN

CO
NF

O
RM

AB
LE

 
ST

EP
H

AN
IA

N
 R

O
C

K
S

 
M

E
S

O
Z

O
IC

-T
E

R
T

IA
R

Y
 

C
O
V
E
R
 

~
U

 ND
IF

ER
EN

CI
AT

ED
 C

A
R

B
O

N
IF

E
R

O
U

S
 

R
O

C
K
S
 

r"
 

> ©
 

Z
 ca~
 

©
 

F
ig

. 
1.

 L
oc

at
io

n 
of

 t
he

 s
tu

di
ed

 a
re

a 
w

it
hi

n 
th

e 
C

an
ta

b
ri

an
 Z

o
n

e.
 



t 
o .

.
.

.
.

 
, 

2 
~

 
4 

~,
 A

m
. 

.
:

S
~

~
~

'
:

"
:

:
"

!
~

i
'

F
'

i
"

 
~

.
.

.
.

 •
 ...

..
 

• ..
...

 

--
--

 
- 

" 
!iF

i-"
: 

( 
..

.-
::

:.
' 

o 
.-;

.-;
..'?

." 
.:

"i
":

 
. 

":
'"

'~
" 

--"
 ~

':.
 

~ 
" 

*~
: o

° 
° 

O
~

s
-

n
 

..::
::::

::::
. 

~
~

 
::

 
,~/

;~/
/./~

////
/ 

~ 
.o

 
o 

o 
..:.;;

:.:Z
.""

 
• 

""
 

.:-
 ":

. 

0 
...
...
.:Z
.Z:
z:.
;:z
Z.:
::.
 

A
LD

O
R

E
 ~
.,
 

i, 
o 

o 
o=
°~
S 

%'
, 

_ .
-.

 
,~
 

- 
-':

 
,
,
 

.°
: 

",
c,
~,
:-
 :,
,,
::
:;
,:
 

:,
 

0%
00

00
0o

O 
~ 

.:
.'
::
:(
:.
. 

P
R

E
O

R
O

G
E

N
IC

 
S

U
C

C
E

S
S

IO
N

 

A
LB

A
 - 

B
A

R
C

A
LI

E
N

T
E

 -
 

LO
W

E
R

 C
A

R
B

O
N

IF
E

R
O

U
S

 
FO

R
M

A
TI

O
N

S
 

'l'h
' t 

E
R

M
IT

A
 

Fm
 

U
D

 
P

O
R

T
IL

LA
 - 

N
O

C
E

D
O

 
F

in
s 

D
E

V
O

N
IA

N
 

! 
O

 
S

TA
. 

L
U

C
IA

-H
U

E
R

G
A

S
 

F
in

s 

i 
F

O
R

M
IG

O
S

O
- 

S
 P

E
D

R
O

 -
 

S
-O

 
-L

A
 

V
ID

 
F

m
s 

S
IL

U
R

IA
N

 

LO
W

E
R

 
O

R
B

O
V

IC
IA

N
 

t 
~ 

O
V

IL
LE

 
- 

B
A

R
R

IO
S

 
F

in
s 

C
A

M
B

R
IA

N
 

! I 
LA

N
C

A
R

A
 F

m
 

i 
H

E
R

R
E

R
IA

 
F

m
 

S
Y

N
O

R
O

G
E

N
IC

 
S

U
C

C
E

S
S

IO
N

 

S
T

E
P

H
A

N
/A

N
 

B
 

U
P

P
E

R
 

S
T

E
P

H
A

N
M

N
 

A
 

C
A

N
T

A
B

R
IA

N
 

W
E

S
 T

P
H

A
 L

/A
 N

 

S
A

R
E

R
O

 G
R

O
U

P
 

"A
S

TU
R

IC
&

" 
U

N
C

O
N

FO
R

M
IT

Y 

OU
ER

MA
-V&

LO
ER

RO
MA

N 
UN

CO
NF

O
RM

IT
Y 

C
E

A
 

G
R

O
U

P
 

U
LE

O
N

IC
A

" 
U

N
C

O
N

FO
R

M
IT

Y 

- 
M

E
N

T
A

L 
G

R
O

U
P

 
C

O
N

JA
S

 

~
-

-
 

C
O

N
JA

S
 Z

 
U

N
C

O
N

FO
R

M
IT

Y 

P
A

N
D

O
 

G
R

O
U

P
 

-
~

 
CO

NJ
AS

 I ~
CU

RA
VA

CA
S~

 
U

N
~N

FO
R

M
IT

Y 

P
R

IO
R

O
 

G
R

O
U

P
 

M
E

S
O

Z
O

IC
- 

T
E

R
T

IA
R

Y
 

C
O

V
E

R
 

::7
0:

°°
..:

oo
 -

~ .
..

..
 

LI
T

H
O

S
T

R
A

T
IG

R
A

P
H

IC
 

C
O

N
TA

C
T 

U
N

C
O

N
F

O
R

M
IT

Y
 

F
A

U
LT

 

T
H

R
U

S
T

 
F

A
U

LT
 

,.q
 

:r
 

~
°

 

w
--

, Z
 

"O
 

"O
 

('b
 

X~
 

i'D
 

(/
Q

 

O
 7,
 

f~
 

"O
 

F
ig

. 
2.

 S
im

pl
if

ie
d 

ge
ol

og
ic

al
 m

ap
 o

f 
th

e 
E

sl
a 

N
ap

p
e 

R
eg

io
n.

 A
-B

: 
tr

ac
e 

of
 t

he
 g

eo
lo

gi
ca

l 
se

ct
io

n 
of

 F
ig

. 
4.

 

"-
4

 



TH
R

U
S

T 
S

H
E

E
TS

 
(W

ES
T 

O
F 

PO
R

M
A F

A
U

L
T

) 

CO
RR

EC
ILL

A 
N

AP
PE

 

~
1

 
G

AY
O

 TH
RU

ST
 S

H
EE

T 

B
O

O
O

N
 

NA
PP

E 

W
 

F
O

It
C

A
D

A
 

N
A

P
P

E
 

TH
R

U
S

T 
S

H
E

E
TS

 
(E

A
S

T 
O

F 
P

O
~M

A
 F

A
U

LT
) 

~ 
E

S
/A

 N
AP

PE
 

~ 
PI

C
O

 j,IM
M

O
 DU

PL
EX

 

~ 
CO

RN
IE

RO
 E

IA
PP

E 

¥~
JI

U
EM

A 
TH

RU
ST

 S
H

EE
T 

..
..

..
. 

A
xi

oI
 tr

a
c

e
s

 
o

f 
FR

O
N

TA
L 

- 
NO

CE
DO

 SY
NF

O
RM

 
AC

CO
M

M
O

DA
TI

O
N 

FO
LD

S 

- 
FE

L.E
CH

AS
 SY

NF
O

RM
 

3 
- 

PA
RD

AM
IM

O
S A

NT
IF

O
RM

 
[ 

{ 
~ 

A
xi

al
 tr

a
c

e
s

 

4 
- 

AG
UA

 S
AL

IO
 SY

NF
O

~M
 

FR
O

NT
AL

 
D

ro
p

 
fa

u
lt

s
 

5 
- 

PE
N

A R
IO

NO
A A

NT
IF

O
RM

 
DR

AP
E S

TR
UC

TU
RE

S 

7
- 

PE
I~

A 
O

UE
BR

AD
A S

YN
FO

RM
 

|L
A

TE
R

A
L 

D
ro

p 
fo

ul
l~

 

H
 

S
 --

 P
EN

A 
VE

R
D

E 
SY

NF
O

RM
 

A
xi

oI
 tr

a
c

e
 

o
f 

P
eS

o
 

O
u

e
b

ro
d

o
 

s
y

n
c

li
n

e
 

9 
- 

PR
IO

R
O

 F
AU

LT
 

~
,1

[.
~

 
(b

e
tw

e
e

n
 

fr
o

n
ta

l 
a

n
d

 
la

te
ra

l 
ro

m
p

s
) 

_ 
..

 ~
 

~
i

i
i

i
i

i
!

i
i

~
~

.
 

~ 
'.

"~
 

/'
" 

~ 
~ 

.._
_ 

/,~
,k~

 
.-

..
 

.:
~

: 
:-:~

:!..
.:.:

::~
:!:!

:~
:~

:::~
:i:~

:~
:~

. 
:~

,~
:~

: 
~

-~
.~

'"
 

-~
 -

-~
 

-
~

_
 

~
_

_
 

_
..

..
..

. 
• 

. 
--

-.
.I

- 

..
..

. 
::

::
 

" 
::ki

!!i.
.....

 ::ii
:::"

:"::
:""

" 
.. 

" 
' 

""
,:

-;
~

- 
".

 
".

 '
.'

 
.-:

:::
::"

" 
'::

-.-
:'.

'."
" 

: 
...

. 
#

" 
~ 

I 
" 

..
- 

9 
"*

 

- 
• 

:~
.'

.-
:.

i.
:.

:-
'.

',
',

'"
-i

;'
.'

-'
.'

.'
:'

:'
 

-'
. 

.~
::

?:
i:

i:
:i

::
 

~ 
~

-"
 

"'
-~

 
""

 
• 

. 
• 

..
 

, 
- 

. 
• 

. 
. 

. 
. 
...

.:~
. • 

.:
.-

,"
 ;

 :
..

.:
,:

.:
 

- 
. 

, 
..

 -
 

. 
: 

;.
 

--
 

,,
~

 
• 

" 

.
.

.
.

.
 

• 
.

.
.

.
.

 
• .

..
..

..
..

. 
- .

..
..

..
..

..
..

..
..

..
..

 
• .

.
.

.
.

.
.

.
.

.
.

.
.

.
 

.~
 

.
.

.
.

.
 

..X
 ~

, 
- 

/ 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

:3
 

.
.

.
.

 
.~

. 
~

_
_

 
..

 
• 

• 
-.

 
- 

..
. 

•.
 

-.
 

- 
..

. 
• 

• 
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

===
===

= 
===

===
===

===
===

===
===

= 
-.

 
-.

_-
- 

--
--

_
.~

 
~ 

~ 
~ 

~
;~

 
.~

, 
._

,.
."

 

.-::
.:-:

:"-
 

_ 
.

.
_

_
_

_
_

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

 

,,,
~.

.- 
2

" 

, 
,,,

 
~ 

x 
- 

- 
-

-
-

-
-

-
-

-
-

-
_

~
=

-
-

.
.

~
_

-
-

_
-

-
 

--
 

~
:

 
"_

_
/~

--
:~

--
--

--
/-

- 
_

_
 

TH
RO

ST
 

t 
~ 

, 
, 

, 
~ 

, 
.

.
.

.
 

(1
 

--
 

_ 
_ 

_-
--

--
--

--
--

--
 

_ 
- 

--
--

:-
--

--
-_

~_
_t

~.
_.

~'
-_

-_
- 

.-
-"

 
--

 
o~

H
. 

,.
o.

~ 

ZJ
--

 
 

"'
--

- 
. 

--
 

• 

(c
) 

(b
) 

Fi
g.

 3
. (

a)
 N

am
es

 o
f m

ai
n 

fo
ld

s,
 t

hr
us

t s
he

et
s 

an
d 

th
ru

st
 s

ys
te

m
s 

of
 th

e 
E

sl
a 

N
ap

pe
 R

eg
io

n•
 T

he
 o

ut
cr

op
 p

at
te

rn
 o

f t
he

 th
ru

st
 

in
 t

he
 n

or
th

em
m

os
t 

pa
rt

 o
f 

th
e 

m
ap

 h
as

 b
ee

n 
re

st
or

ed
 t

o 
an

 e
st

im
at

ed
 p

os
it

io
n 

pr
io

r 
to

 t
he

 m
ov

em
en

t 
of

 t
he

 R
io

 D
ue

fi
as

 
st

ri
ke

-s
lip

 fa
ul

t s
ys

te
m

. 
(b

) a
nd

 (c
) F

ro
nt

al
 a

cc
om

m
od

at
io

n 
fo

ld
s i

n 
th

e 
E

sl
a 

N
ap

pe
 a

nd
 P

ri
m

aj
as

 a
nd

 P
ar

da
m

in
os

 d
up

le
xe

s•
 

',O
 

> O
 

O
 



sw
 

,.o
o:

 
o 

, 
, 

, 
, 

,,.
 

,,,
oo

,~
 

\~
'~

...
 

%
:p

o?
, 

~'
o 

. 
N

E 

~
. 

~
,

.
,

.
~

-
-

~
 

,e
,,,

,,~
--~

c.
..e

 o
 : 

o 
o 

-~
 o 

o o
,.J

,,.
. 

/ 
~ 

T
E

JE
R

IN
A

 

oj 
,o

o
o

 
"/'":

":/ ~ 
- 

~-
- 

.=
.:.

. 
~.

...
-.

...
~-

~.
...

. 
;~

...
:r

.;
 

.~
..-

 
.. 

. 
. 

. 
.

~
 

:::
:::

:::
:::

:::
:::

:::
:: 

.
~

 
. 

P
R

 .
.

.
.

 
~

--
:'

"-
-'

" 
" 

" 
''"

" 
" 

""
 .

..
. 

"'
" 

"'
--

" 
'-

--
-~

--
"~

"~
'r

'Z
~

""
~

'"
'"

 
~ 

~ 
-"

':
'~

''
-'

~
'~

'~
 

E
C

A
M

S
R

IA
N

 
A

N
D

 
B

A
S

A
L 

P
A

R
T 

O
F 

H
E

R
R

E
R

IA
 

F'-
O

R-
M

--~
'TA

TI
~N

'N
 ; 

~ 
~ 

"
-

-
-

:
-

-
-

~
-

-
-

-
-

-
.

-
-

L
.

~
~

-
 

E
- 

E
S

LA
 ,

A
P

P
E

 
- 

. 

(a
) 

SW
 

--
 

P
IC

O
 

JA
N

O
 

D
U

P
LE

X
 

J 

f 

K
m

. 

U
D

 
- 

D 
S

-D
 

-
-

-
-

 
E

S
LA

 
N

A
P

P
E

 
-

-
 

C
O

R
N

IE
R

O
 

N
A

P
P

E
 

V
 

--
 

V
A

LB
U

E
N

A
 T

H
R

U
S

T 
S

H
E

E
T 

'~
 

P
A

R
D

A
M

IN
O

S
 

~ 
P

IC
O

 
JA

N
O

 

~
]~

 
P

R
IM

A
JA

S
 D

U
P

LE
X

 
JD

U
P

L
E

X
 

~ 
D

U
P

LE
X

 

(b
) 

I 

--
 

• 
• 

.<
- 

• 
.t 

-
-

 
-

-
 

"..
,--

-V
A

LB
U

E
N

A
 

T
. 

S
H

E
E

T
 

~ 
--

-i
 

o 
S 

I0
 K

in
. 

f. 

• 
• 

."
 

I 
" 

- 
.-

 

--
 

-
-

 
P

R
IM

. A
JA

S
 

D
U

P
L

E
X

 
N

E
 

-
-

 
P

A
R

D
A

M
IN

O
$ 

D
U

 
P

LE
X

 
P

O
 

(c
) 

Fi
g.

 4
. 

(a
) 

G
eo

lo
gi

ca
l 

se
ct

io
n 

al
on

g 
la

te
ra

l f
ol

ds
 o

f 
th

e 
na

pp
es

 i
n 

th
e 

E
sl

a 
N

ap
pe

 R
eg

io
n.

 L
oc

at
io

n 
an

d 
le

ge
nd

 a
s 

in
 F

ig
. 

2.
 

(b
) 

N
am

es
 o

f m
ai

n 
th

ru
st

 s
he

et
s 

an
d 

th
ru

st
 s

ys
te

m
s 

in
 si

m
pl

if
ie

d 
se

ct
io

n 
(a

).
 (

c)
 P

al
in

sp
as

ti
c 

re
st

or
at

io
n 

of
 se

ct
io

n 
(a

).
 A

 a
nd

 
B

 a
re

 p
os

si
bl

e 
ex

tr
em

e 
lo

ca
ti

on
s 

of
 u

pp
er

 p
ar

t o
f V

al
bu

en
a 

T
hr

us
t,

 a
ss

um
in

g 
th

at
 th

e 
cu

m
ul

at
iv

e 
di

sp
la

ce
m

en
t o

f P
ic

o 
Ja

no
 

D
up

le
x,

 b
as

al
 th

ru
st

 o
f P

or
ti

lla
 F

or
m

at
io

n 
an

d 
C

or
ni

er
o 

T
hr

us
t 

is
 u

nt
ra

ns
fe

rr
ed

 (
A

) 
or

 w
ho

ll
y 

tr
an

sf
er

re
d 

(B
) 

fo
rw

ar
d 

of
 P

 
po

in
t 

al
on

g 
th

e 
to

p 
of

 B
ar

ca
lie

nt
e 

Fo
rm

at
io

n.
 

=
.,

 
~

t ==
 

~
° Z
 

"O
 

"O
 ~0
 

O
 Z
 

-,,
,.I

 



974 J .L .  ALONSO 

Thrusts and other faults Folds related to lower thrust sheet geometry 

The Esla Nappe is the highest thrust sheet and displays 
a Cambrian-Namurian succession. Underlying this 
nappe at its front is the Pico Jano Duplex, which is an 
antiformal stack consisting of Lower Carboniferous 
rocks (Fig. 4). Underneath this lies the Corniero Nappe 
and the Valbuena Thrust Sheet, made up of a succession 
from Cambrian to Upper Devonian rocks. The lower 
part of the structure is composed of the Primajas and 
Pardaminos duplexes, comprising exclusively Cambrian 
rocks. The Primajas Duplex is a typical duplex with 
horses made up from the Lancara Formation and the 
basal part of the Oville Formation (Lower-Middle 
Cambrian), whilst the Pardaminos Duplex consists of a 
great antiformal stack with each horse composed of 
Herrerfa Formation (Lower Cambrian) together with 
some horses of the Primajas Duplex (Fig. 4). One of the 
Pardaminos thrusts divides the Primajas Duplex into 
two parts, and roofs into the Corniero Thrust (Fig. 4a). 

Figure 3 shows several structural elements (faults, 
folds and cut-off lines) that form two structural systems 
which may be considered as frontal and lateral structures 
of the thrust sheets. The deformation of these structural 
elements can be related to the emplacement of lower 
thrust sheets in the Esla Nappe Region, or to later 
convergent thrust sheets of the Cantabrian Zone, as 
explained later. 

The major faults (Porma Fault and Prioro Fault) are 
parallel to the direction of transport and act as tears with 
respect to certain of the thrust sheets. No structural 
correlation is possible betyween the two sides of these 
faults. Thus, the Pardaminos Duplex does not exist to 
the west of the Porma Fault, while the Bodon and 
Forcada thrust sheets do not exist to the east (Figs. 2 
and 3). 

The relationship between major folds, transverse to 
the transport direction of the thrust sheets, can be 
clearly appreciated from a geological section (Fig. 4a) 
along the axial surfaces of folds whose limbs may be 
considered as lateral culmination walls (Butler 1982) 
related to the thrust sheets. These are called drape folds 
in Fig. 3. 

Figure 4(a) shows that the antiformal structure of the 
Corniero and Esla Nappes, which gives rise to the 
Valdor6 Window, appears above the Pardaminos Dup- 
lex. The thrust slices display progressively more open 
folds towards the lower part of the duplex. Thus folding 
is a direct geometrical consequence of the successive 
emplacement of lower thrust sheets. It may also be 
observed in Fig. 4(a) that the Agua Salio Synform is 
situated between the Pardaminos frontal culmination 
wall and the frontal footwall ramp of the Valbuena 
Thrust. 

The axial trace orientations of other folds are parallel 
to that of the direction of thrust sheet advance. This is 
the case, for example, with the Pefia Rionda Antiform, 
which determines the southeast boundary of the Valdor6 
Window. This antiform and the southeast end of the 
axial trace of the Agua Salio Synform are aligned, a 
feature which may be attributed to the existence of 
lateral hangingwall ramps in the Pardaminos Thrust 
Sheets producing a lateral culmination wall (Fig. 5). The 
Alejico Fault (Figs. 3 and 5), located over this culmi- 
nation wall, may be interpreted as a drop fault (Butler 
1982). The Pefia Quebrada Syncline may indicate the 
bending of the Corniero and Valbuena thrust sheets 
between this culmination wall and a frontal footwall 
ramp (Fig. 3). The development of this syncline between 
a frontal and lateral structure would explain its anomal- 

NW SE/LSW NE 

VALDORE WINDOW _•ERAL CULMINATIC~ WA_~ 

PAROAMINOS DUPLEX I 
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• • II A 

\ 
4 S • ~ . a  

4 

9 • ~.a • & 
? 

ALEJ ICO PENA OUEBRADA 
N A P P E  FAULT SYNFORM 

NAPPE ~'~ .~ 

• • • A J  

I I Kin. 

Fig. 5. Geological section with two parts, the left one normal to the transport direction of the nappes and the right one across 
Pefia Quebrada Synform. 
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ous orientation (N-S) with regard to the other folds in 
the region. 

The other major fold in the region (Pefia Verde 
Syncline) may be explained by the effect of lateral 
ramps. 

Accommodation of thrust displacements by frontal folds 

Apart from the folds related to lower thrust sheet 
geometry, as described above, there are other folds in 
the Esla Nappe Region, generally of lesser size, which 
partially or totally accommodate thrust translation, and 
which have thus been grouped together under the name 
of frontal accommodation folds (Fig. 3b & c). Sometimes 
these are folds connected with blind thrusts of the kind 
described by Dahlstrom (1969), Thompson (1981) and 
Williams & Chapman (1983), or detached folds over the 
surface of the thrusts which may or may not be blind 
thrusts. In other cases they are folds situated on frontal 
hangingwall ramps, the origin of which may be attributed 
to simple shear affecting the thrust sheet as a whole, 
according to the mechanism set forth by Ramberg (1959) 
and applied by Ramsay et al. (1983) to folds in the 
Helvetic nappes. In the Esla Nappe Region good 
examples of the latter type of folds are located on the 
Esla Nappe hangingwall ramp (Fig. 4a). The hinges of 
these folds are deformed by the Pefia Verde Syncline 

(Arboleya 1978) and they show the same disposition as 
the cut-off lines, both folded by this syncline (Fig. 3b), 
on the supposition that cut-off lines and folds are frontal 
structures of the thrust sheets. It is worth emphasising 
that different structures (frontal folds, cut-off lines, 
tears) are consistent with the same direction of advance 
for all the Esla thrust sheets, and that this direction 
coincides with that obtained by Arboleya (1981) from 
boudins and cleavages present in the base of the Esla 
Nappe. 

DEFORMATIONS SUBSEQUENT TO THE 
EMPLACEMENT OF THE THRUST SHEETS 

OF THE ESLA REGION 

Figure 6 shows the present attitude of the structures 
described above. Deformations subsequent to the Esla 
Nappe emplacement consist mainly of reverse reacti- 
vation of the Porma Fault and final N-S shortening. 

A reverse movement of the Porma Fault is necessary 
to explain the rotation of the frontal geometrical el- 
ements of the thrust sheets in a tract to the east of this 
fault. Such rotation would also explain the partial 
unfolding of the primitive Agua Salio Synform in its NW 
sector. It might also have been responsible for the 
development of Felechas Syncline (Figs. 3 and 7), 

SG 9:8-D 

MOS THRUSTS 

D,SP-ACE.~NT O, RECT,OH 0,~ THE ,APP~s r~':::'~::~':.'.:] CORNIERO THRUST 

LATER REACTIVATION OF THE FLOOR I E [ ESLA THRUST 

THRUST OF PARDAMINOS DUPLEX ~ DEVONIAN-CARBONIFEROUS 
I " I BOUNDARY IN THE ESLA NAPPE 

Fig. 6. Present attitude of the structures in the Esla Nappe Region. 1: Felechas Synform. 2: Agua Salio Synform. 3: Pefia 
Rionda Antiform. 4: Pefia Quebrada Synform. 5: Pefia Verde Synform. 6: Alejico Fault. 
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NW 
NOCEOO PORMA FAULT 

SYNCLINE ~ cORHtE-RO NAPPE 

GAYO - VALBUENA 

BODON NAPPE 

SE 

~ S H E E T  

(o) 

N E  PORMA S E  
FAULT 

~ ~ _  FELECHAS 

"~ ",, S'~NFORN 
CORRECI LLAS NAPPE ~ ~ ,  

GAYO THRUST SHEET ~ " 1 * 
. . . . .  '~,PARO~,NOS ?UPLEX 

BODON NAPPE ~ I |Km.  

(b) 

Fig. 7. Two interpretative geological sections showing the movements 
of the Porma Fault: (a) before movement as a reverse fault and (b) 

after. 

although it is likely that this fold already existed as a 
lateral structure of the nappes, given that the Par- 
daminos axial trace undergoes an offset as it crosses the 
syncline (Fig. 3). Later  N-S shortening produced a 
tightening and reorientation of the frontal and lateral 
folds, and the vergence of both became southerly with a 
consequent thrust overturning in the northern limbs of 
the synforms. The overturning of the Porma Fault, and 
the Pardaminos Antiform hinge may have occurred at 
the same time (Fig. 6). 

Figure 7 shows the effects of the reverse fault reactiv- 
ation of the Porma Fault and Fig. 8 the idealized outcrop 
pattern estimated for the Esla Region in successive 
deformation stages. 

In some places within the Esla Nappe Region an 
important synorogenic sequence is preserved (Fig. 2). 
This sequence allows us to determine,  with a fair degree 
of certainty, the age and characteristics of the defor- 
mations that progressively modified the earlier struc- 
tures. Some Carboniferous unconformities cover thrusts 
and related folds. These unconformable sequences were 
then deformed,  as the folds underwent subsequent tight- 
ening. The removal of the effects of tightening shown by 

i , i I 

:" 9t~ 

( a )  ( b )  
i 

Co) ( d )  

/ - - - 3  
/ 

C F" - -  ESLA THRUST~ CC - -  CORNIER0 THRUST 

PN - -  PENA NEGRA THRUST 

FS - -  SABERO FAULT ; FP - -  PRIORO FAULT 

F R D -  RIO OUENAS FAULT 

o s ,o..  C--R .... OROOV-S;LOR,A.  OEVO.,A. CA.O.,FEROUS 

Fig. 8. Suggested outcrop pattern for the Esla Nappe Region during successive deformation stages. (a) After the 
emplacement of Esla Nappe. (b) After the emplacement of Pardaminos Duplex. (c) After the reactivation of Porma Fault 

as a reverse fault. (d) Present arrangement (after N-S shortening). 
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Fig. 9. Proposed kinematic relations between later reverse movement of the Porma Fault and the emplacement of the Ponga 
Thrust sheets. 

these unconformities leads to a geometry which may be 
attributed to the initial emplacement of the thrust sheets 
in the region. 

The reactivation of the Porma Fault as a reverse fault 
is of pre-Cantabrian age (intermediate stage between 
Westphalian and Stephanian, George & Wagner 1972) 
and produced an important paleogeographic change in 
the synorogenic basin, locally reversing the direction of 
sedimentary transport. The N-S shortening was Stepha- 
nian. These deformations and the subsequent erosion 
give rise to an outcrop pattern in the area nearest to the 
Porma Fault which is virtually a profile section across the 
structures (Fig. 6). The fact that the traces of the frontal 
and lateral structures of the thrust sheets are not now 
exactly perpendicular is due to N-S shortening; the 
greater angles (up to 120 ° ) opening toward the north and 
south. The only fold previously orientated in a N-S 
direction (the Pefia Quebrada Syncline) must have been 
refolded giving rise to the present sinusoidal axial trace. 
To sum up, it is only in this synclinal area that there were 
newly developed E-W folds during the post-nappe de- 
formations; in the rest of the region deformation was 
expressed in the reactivation and reorientation of older 
structures towards an E-W orientation. The greater 
rotation of the lateral nappe structures in the eastern 
sector accords with the greater degree of shortening 
encountered (Alonso 1985), which is mainly composed 
of synorogenic materials with shales predominating over 
other lithologies. 

These later deformations may be interpreted in re- 
lation to the convergent emplacement of later nappes in 
the Cantabrian Zone, which outcrop in the NE of the 
Esla Region (Fig. 1). The reactivation of the Porma 
Fault as a reverse fault may thus be related to the 
emplacement of the Ponga Nappe (Fig. 9). This nappe, 
was transported to the east (P6rez-Estat~n, pers. comm.) 
and has no tear fault accommodating its displacement at 

its southern edge. The Leon Fault has a smaller apparent 
displacement and may be considered as a reverse fault 
(Aller 1984). As a result, the nappes of the southern arm 
(Correcilla, Bod6n, Esla) must have been transported 
towards the east or shortened in this direction during the 
Ponga emplacement, and faults such as that of Porma 
could have contributed to this shortening as 'back 
thrusts' (Fig. 9). The N-S shortening affecting the Cea 
Group of the Esla Nappe Region may also be related to 
the emplacement of more northerly thrust sheets (the 
Picos de Europa), in such a way that part of the move- 
ment on the sole thrust has been accommodated by 
synchronous buckling of the southern arm of the Cantab- 
rian Zone. The direction of shortening may be approxi- 
mately similar in both cases. Moreover, the relationship 
between these structures may explain the inverted posi- 
tion of thrusts that occurred during the Stephanian in the 
southern arm of the Cantabrian Zone. 

THRUSTING SEQUENCE AND DISPLACEMENT 
TRANSFER ANALYSIS 

Figure 4(a) shows perhaps the only section through 
the region which meets the conditions for plane strain, 
because there was no tightening of the lateral folds of the 
nappes, as typically occurred during deformation sub- 
sequent to the emplacement of the thrust sheets else- 
where. The assumption of plane strain is further sup- 
ported by the fact that the cross-section derived from 
map data can be easily balanced. This section shows that 
tightening of the frontal folds of the thrust sheets (the 
Agua Salio Synform and the Pardaminos Antiform) 
occurred after the Esla thrust sheets were emplaced. 
Thus some unconformities truncate the thrust faults, but 
are themselves folded (Fig. 4a). 
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The cross-section in Fig. 4(a) has been totally restored 
(Fig. 4c) and shows clearly the trajectories of the thrusts 
and the dimensions of the different thrust sheets and 
sedimentary basins. Using this palinspastic restoration, 
a balanced cross-section evolution diagram has been 
drawn up to illustrate the kinematics involved (Fig. 10), 
assuming a sequence in which thrusts propagate initially 
into the undeformed area. This kind of sequence may be 
deduced from several geometric criteria, as will be seen 
from the following. 

ofiAa 

Analysis of the Esla Nappe and Pico Jano Duplex 
displacements 

The Esla Nappe is considered to have been emplaced 
in various stages (Fig. 10b, c & d). A single initial ramp 
has been postulated (Fig. 10a), which was broken sub- 
sequently by two more advanced d6collements, one 
situated at the base of the Alba Formation (Fig. 10b) and 
the other at the base of the Portilla Formation (Fig. 10c). 
This sequence is based on the following data. 

(a) It is significant that the known cumulative displace- 
ment of the Pico Jano Duplex, is equal to the length of 
the footwall flat in the transport direction, where the 
Esla Nappe rests on Upper Devonian rocks. This is the 
fiat which separates the footwall ramps of the nappe 
above and below this stratigraphic level (Fig. 10b). Thus 
after restoring the Pico Jano Duplex, both ramps come 
together to form a single one (Fig. 10a). If a forward 
sequence is accepted, only one ramp, subsequently bro- 
ken by a more advanced flat (Fig. 11) would be required, 
whilst in a rearward sequence two initial ramps separated 
by a flat are needed. 

(b) After the Pico Jano Duplex emplacement, a new 
thrust was developed at the base of Portilla Formation. 
In a forward direction its displacement was partially 
accommodated by a thrust which cut across the floor 
thrust of the Pico Jano Duplex (Fig. 10c). 

The translation of the rear of the Esla Thrust (19 km) 
must have been accommodated by thrusts which make 
up the Pico Jano Duplex and the Esla Thrust, forward of 
its branch line with this duplex. The sum of known 
displacements of the Pico Jano Duplex (10 km), plus the 
displacement of the Esla Thrust forward of the branch 
line with the floor thrust of the duplex (6 km), plus the 

i:!:!:!:i:i:i:i:i:!:!:i:i:i:i:i:i:i:~:~:~::"~ :::::::::::::::::::::::::::::::::::::::: 
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Fig. 12. Est imated outcrop pat tern of the surroundings of Sabero Fault 
before the movement  of this fault (modified after Bastida et al. 1976). 

displacement of the basal thrust of the Portilla For- 
mation (3 km), is quantitatively comparable to the dis- 
placement at the rear of the Esla Nappe. 

One of the questions to be solved is the position of the 
lower footwall ramp of the Esla Thrust (rl in Fig. 11). 
This ramp cut across the stratigraphic succession from 
Cambrian to Devonian. According to the displacement 
postulated for the Esla Nappe, obtained from Huerga- 
Portilla cut-offs, this ramp should be located under 
Mesozoic cover around the Porma River (Figs. 2 and 3). 
Another argument for the position of this ramp is pro- 
vided by restoration of the Sabero-Gordon strike-slip 
fault (Fig. 12), using the magnitude and direction of fault 
displacement proposed by Bastida et al. (1976). Once 
this displacement is restored there is no room between 
the Corniero Thrust and the Sabero-Gordon Fault in 
which to include the Corniero and Esla nappes, so that a 
possible solution would be to place the Corniero-Esla 
branch line in this sector. In this way, the Lancara 
Formation translation becomes very similar to that 
obtained from the Huergas-Portilla cut-off. 

Analysis of displacement of the Corniero and Valbuena 
thrusts 

] 'S  
/ ~x x . k  

::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
!:i:i:i:i:!:i:i:i:i:!!iiiiiii!i!i!i~ = 0 

Fig. 11. A primitive footwall ramp (R) is I)roken in two footwaU ramps 
(rn and ru). Cumulative displacement of TS thrust system is equal to the 
length (D) of the flat between lower and upper  footwall ramps (rn and 

ru) of primitive thrust. 

After the rupture of the primitive footwall ramp of the 
Esla Nappe through the action of more advanced fiats 
situated at progressively lower stratigraphic levels 
(Fig. 10a, b & c), the flat situated at the base of the 
L~incara Formation was reactivated, giving rise to the 
Corniero and Valbuena thrust sheets (Fig. 10c, d & e). 
The Corniero thrust ramp cuts across the floor thrust of 
the Pico Jano Duplex and merges with the roof thrust of 
this duplex, while the Valbuena Thrust cuts across both 
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the floor and the roof thrusts of the same duplex. In spite 
of its small displacement, the Valbuena Thrust is the 
best preserved listric fault in the area, and gives rise to 
the greatest stratigraphical separation. 

The Corniero and Valbuena thrust sheets are large 
horses situated between the two d6collements (the roof 
thrust of the Primajas Duplex and the floor thrust of the 
Pico Jane Duplex), but they should not be considered a 
duplex in the kinematic sense, because their displace- 
ments are not transferred into the same roof thrust, but 
rather cut this d6collement out of sequence. 

The folding and faulting of the floor and roof thrusts of 
the Pico Jano Duplex, to the west of Pico Jano and to the 
west of Remolina, were initially caused by a simple shear 
which affected the whole of the Corniero Thrust sheet, 
as this duplex is located above the hangingwall ramp of 
the sheet (Fig. 4a). However, the major part of the 
present shortening of both the roof and floor thrusts 
mainly occurred later. This may be inferred from the fact 
that the unconformities which preserve the Valbuena 
Thrust from erosion were tilted in the NE limb of Agua 
Salio Synform. 

Analysis of the displacements in the Primajas 
and Pardaminos duplexes 

After the development of the Valbuena listric fault, a 
new d6collement must have been formed over the shaly 
basal part of the Oville Formation (Fig. 10f). This would 
serve as a roof thrust when, as a result of the propagation 
of a new d6collement at the base of the L~incara Forma- 
tion, it gave rise to the Primajas Duplex (Fig. 10g). The 
kinematics of the Primaj as Duplex correspond to that of 
a typical duplex, in accordance with the model of Boyer 
& Elliot (1982), with the qualification that its floor thrust 
is broken owing to the out-of-sequence action of the 
Pardaminos Thrusts. These utilize the interior thrusts of 
the Primajas Duplex, reactivating them with the dis- 
placement being transferred to the roof thrust. The 
Pardaminos 2 Thrust (Fig. 10h) took advantage of the 
footwall ramp of the overlying Corniero Nappe in such a 
way that one half of the Primajas Duplex was displaced 
with respect to the other (Fig. 10i). In each hangingwall 
ramp of Pardaminos thrust sheets the floor thrust of the 
Primajas Duplex is folded and faulted, probably as a 
result of simple shear which affects the whole of the 
thrust sheet (c.f. Ramberg 1959, Ramsay 1980, Ramsay 
et al. 1983). 

The amount of duplication of the Herreria Formation 
within each thrust sheet of the Pardaminos Duplex 
indicates a far greater translation than would be inferred 
from the Lancara Formation over the Primajas Duplex 
(Figs. 2 and 4a). This implies that part of the displace- 
ment must have been transferred to the floor thrust of 
the Primajas Duplex, reactivating it (Fig. 10h, j, 1 & n). 
In Fig. 10 the sequence of the two displacements of each 
of the Pardaminos Thrusts is assumed to be similar to 
that of the Esla Thrust and to the floor thrust of the Pico 
Jano Duplex from its branch line. Firstly the Herreria 
Formation was thrust over the Primajas Duplex (Fig. 

10i, k & m) to be followed by the Pardaminos Thrusts 
carrying the Herreria Formation over a footwall flat 
situated above the same formation, thus pushing the 
Primajas Duplex forwards (Fig. 10h, j, 1 & n). To 
summarize, the roof and floor thrusts of the Primajas 
Duplex have acted as the roof thrust of the Pardaminos 
Duplex for each of the thrusts. In the case of the 
Pardaminos 2 Thrust, part of its displacement was trans- 
ferred to the Corniero Thrust, dividing the Primajas 
Duplex into two parts. 

The emplacement sequence proposed requires consid- 
eration of the behaviour of the two duplexes, each with 
a similar stratigraphic composition. They were emplaced 
successively; firstly the Primajas Duplex (Fig. 10g),then 
the Pardaminos Duplex (Fig. 10h & o). There exists, 
however, a more complicated solution for the assembly 
of these duplexes. It may be speculated that the move- 
ment in which the Pardaminos Thrusts have been accom- 
modated into the floor thrust of the Primaj as Duplex did 
not result in its translation as an earlier duplex. In effect, 
such a movement could have generated some of the 
horses of the Primajas Duplex, in the same way as the 
movement of the Esla Nappe over the Upper Devonian 
fiat was inferred to be coeval with the generation of the 
Pico Jano horses (Fig. 10b). In order to resolve these 
alternative models it would be necessary to determine the 
displacement transferred by the sum of both duplexes 
both forwards and backwards. According to the first 
model the displacement of the Pardaminos Duplex is 
added to that of the Primajas Duplex, but this is not so in 
the second. It is not possible from the mapping to deter- 
mine this overall displacement, although it must be 
pointed out that the emplacement of the hindmost horses 
of the Primaj as Duplex, located to the rear of the Parda- 
minos 1 Thrust, cannot be explained by the second model. 

Displacement and shortening arising from the 
emplacement of the Esla thrust sheets 

Table 1 shows the displacements of the different 
thrusts and thrust systems. In total, the hindmost point 

Table 1. Displacement of the main thrusts and thrust systems of the 
Esla Region. Displacement of the Esla Nappe in its rear part is 
19.6 km, which is equal to the sum of displacements of the Esla Thrust, 
plus that of the Pico Jano Thrust, and that of the basal thrust of Portilla 

Formation 

Thrust or Displacement Cumulative 
thrust system ( k m )  displacement 

Esla 6 6 
Pico Jano Duplex 10.2 16.2 
Basal thrust of Portilla 3.4 19.6 

Formation 
Corniero 5.6 25.2 
Valbuena 2.1 27.3 
Roof thrust of Primajas 14.7 42 

Duplex (initial 
displacement) 

Primajas Duplex 17.3 59.3 
Pardaminos i 10 
Pardaminos 2 8.3 
Pardaminos 3 7.2 
Pardaminos 4 4.7 
Pardaminos 5 3.6 92.2 
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Table 2. Dimensions of duplexes and comparison with some other 
duplexes of different fold belts. Initial length (L0) and final length (L1) 

are given in km 

Contraction L1/Lo 
Duplex ratio Number of horses 

PicoJano Duplex 6/17 = 0.35 12 
(antiformal stack) 

Primajas Duplex 10.5/28.2 = 0.37 28 
PardaminosDuplex 15/56 = 0.26 5 

(antiformal stack) 

Duplexes of other 
fold belts 

(according to Boyer 
& Elliot 1982) Lt ILo Number of horses 

Foinaven Duplex 0.29 34 
(Moine) 

Windows Duplex 0.36 21 
(Appalachian) 

Mt. Crandell Duplex 0.57 6 
(Rocky) 

of the restored cross-section, situated in the Esla Nappe, 
has undergone a minimum relative displacement 
towards the NE of some 90 km. The thickening of the 
pre-orogenic succession, caused by stacking of thrust 
sheets is between 8 and 12 km, increasing the initial 
thickness approximately 3 times, although there was 
important synorogenic erosion. 

Table 2 shows the shortenings of the different du- 
plexes and their respective number of horses, together 
with the characteristics of duplexes in other mountain 
chains, according to data compiled by Boyer & Elliot 
(1982). The Primajas Duplex alone is responsible for 
17 km and the Pardaminos Duplex for 33 km of trans- 
lation in the upper thrust sheet (Fig. 10). It is not known 
for certain whether the sum of these displacements has 
been wholly transferred ahead of the Valbuena Thrust, 
as appears in the sequential diagram, or whether it has 
been partially transferred to the Valbuena Thrust. A 
total transfer is impossible because this thrust shows 
much less displacement than the sum of the two du- 
plexes. In either case, the synorogenic basin situated 
under the Tejerina Syncline must have undergone con- 
siderable displacement towards the NE (equal to the 
cumulative displacement of the Primajas and Par- 
daminos duplexes at least; Fig. 10a-o), and should be 
considered as a 'piggy-back' basin. 

CONCLUSIONS 

The Esla Nappe, situated in the southern arm of the 
Cantabrian Zone, is underlain by three large duplexes 
(Pardaminos, Pico Jano and Primajas) and two large 
horses. The first two duplexes form antiformal stacks. 
The large horses are the Corniero Nappe and the Val- 
buena Thrust Sheet. The cumulative displacement of all 
of these thrusts is of some 90 km and causes a 3-fold 
tectonic thickening of the pre-orogenic succession, and a 
minimum translation of at least 60 km for the foreland 

basin. In this group of thrust sheets, directed northeast- 
ward, it may be observed that the geometry of the lower 
thrusts was responsible for the folding of the overlying 
thrust sheets, giving rise to two bend folds systems, 
corresponding to the frontal and lateral culmination 
walls of the thrust sheets. There is, moreover, another 
system of frontal folds which accommodates the dis- 
placement of the thrusts and in some sectors folds higher 
nappes which were previously developed. 

These duplexes and horses appear superimposed on 
each other at the present level of erosion, with the upper 
and more advanced sectors juxtaposed with the more 
backward ones. This supports the assertions of Bally et 
al. (1966), Coward (1980) and Parish (1984) that younger 
thrusts, developed at lower levels, may subsequently 
climb and cut higher-older thrusts or roof into them. In 
the Esla Nappe Region, thrusts always begin to propa- 
gate into foreland by means of a fiat, and subsequently 
develop a ramp. Where this ramp cuts the floor or roof 
thrusts of higher duplexes, it can almost always be 
demonstrated that it uses the older thrusts, reactivating 
them. These thrust ramps usually undergo a partitioning 
of displacement, transferring part of their displacement 
to one or various older, higher levels of d6collements. 
This happens in such a way that a lower duplex may have 
more than one roof thrust, a role played alternately by 
the floor and roof thrusts of higher duplexes. This parti- 
tioning of displacement means that the initial footwall 
ramp is broken into several footwall ramps, producing a 
secondary stepped trajectory, which does not occur in 
the hangingwall ramp. 

Displacement partitioning also occurs in ramps which 
do not cut older levels of d6collement. In such cases part 
of the displacement is transferred to levels of d6colle- 
ment ahead of the ramps, giving rise to a stepped 
trajectory. In the Esla Nappe, the initial footwall ramp 
was broken due to progressively lower levels of d6colle- 
ment. 

In the Esla Nappe Region, such simple concepts as 
forward sequence, 'piggy-back' sequence or downward 
sequence, whilst of fairly general validity, are rarely 
developed, owing to the existence of thrust ramps which 
cut higher thrusts, or to low and high levels of d6colle- 
ment acting alternately. Despite this, other rules of 
more general validity seem to apply, as follows: 

(a) thrusts propagated into the undeformed volume; 
(b) a certain level of d6collement was always propa- 

gated forwards; 
(c) an initial footwall ramp may be broken by progress- 

ively lower levels of d6collement. 
Following the emplacement of the thrust sheets the 

deformation probably continued as a result of conver- 
gent emplacement (towards the east and south) of later 
collateral nappes of the Cantabrian Zone, which 
affected a previously undeformed succession to the 
north. As a consequence of this, the folds associated 
with the thrust sheets became tightened and reorien- 
tated, while tear faults and lateral ramps acted as steps 
inducing lateral compression. The unconformities of the 
synorogenic succession provide information regarding 
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the amount and direction of shortening during and after 
the emplacement of the Esla Region thrust sheets. 
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