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Introduction: The global distribution of shortening 

structures on Mercury as well as geographic and 

temporal trends of any of their morphometric and 

structural parameters are key to learn more about the 

planets’ history of contraction, tidal despinning, and 

lithologic/rheologic variations in its current crust  [1–4]. 

Previous mapping efforts by [4] were based on lower-

resolution ~250 m/pixel (m/px) data by 

MESSENGER’s Mercury Dual Imaging System 

(MDIS) as well as 665 m/pixel digital terrain models 

(DTMs) [5] and did not include comprehensive 

morphometric analyses other than displacement-length 

(D/L) assessments. Furthermore, as recently elaborated 

on by  [6], the association of shortening structures with 

larger tectonic complexes needs to be assessed to derive 

a more realistic inventory of actually implied faults. We 

are producing a new global map and parameter catalog 

of shortening structures on Mercury using the latest 

MDIS mosaics (166 m/px) in combination with a novel 

stereo-imaging-derived DTM (222 m/px) that we 

completed for the entire globe based on preliminary 

earlier work [7–9]. Here, we present initial observations 

from the H-11 “Discovery” quadrangle (Fig. 1), the first 

quadrangle we completed as part of our global 

investigation. Another part of our investigation are 

absolute model age constraints for certain scarps based 

on crater size-frequency distribution measurements, 

which are detailed in our companion abstract (#1461). 

Data & methodology: We established a thorough 

step-by-step procedure [10] to map and parametrize 

each identified shortening structure including, amongst 

others, measurements of relief, the shape of throw, 

length, lobateness, width and an assessment of whether 

a scarp is part of a complex (including compound scarps 

of wrinkle ridges). 

Observations: About a third of the lobate scarps in 

the H-11 quadrangle are concentric to ancient basin 

outlines as mapped by [11]. This pattern did not become 

apparent in previous maps  [4,12] as differently 

illuminated hillshade models based on our 222 m/px 

DTM allowed us to identify several new scarps without 

a bias from the illumination conditions of the MDIS 

mosaics. Comparable to scarps concentric to the Hellas 

basin on Mars [13,14], such scarps in the H-11 

quadrangle that are concentric to the Andal-Coleridge 

basin can either face towards or away from the basin 

center. The relief of inward-facing scarps, e.g., parts of 

the Astrolabe Rupes, might be the result of original ring 

structures corresponding to the Montes Cordillera 

around the lunar Orientale impact basin, i.e., normal 

faults due to basinward movement during the collapse 

of the transient impact cavity  [15,16]. Including such 

structures in an assessment of global shortening should 

therefore be revisited. Outward-facing scarps such as 

the Discovery Rupes might correspond to the Dorsa 

Brevia south of the Hellas basin, which could represent 

an Orientale-Cordillera-type scarp that was (re-

)activated by compressive stresses unrelated to initial 

basin-formation such as mascon subsidence and/or 

global contraction [14]. Material strength is expected to 

be drastically reduced in such pre-existing zones of 

weakness, which might, in turn, affect the D/L of such 

scarps.  

Based on these observations it becomes clear that 

global and regional assessments of contraction, tidal 

despinning, thermal weakening, mascon subsidence, as 

well as lithologic/rheologic variations  [1,4,6,17–23] 

based on the orientation, location, and the relief of 

lobate scarps on Mercury must consider their structural 

control and possibly even origin by ancient impact 

basins. Regional or hemispheric trends of scarp 

orientations as well as other parameters and derived 

hypotheses about tidal stresses, lithospheric 

heterogeneities, and global contraction  [4,12,23] seem 

to be affected by basin-concentric arrangements 

observed on data that is compromised by illumination-

biases. As demonstrated in the H-11 quadrangle, we will 

use our novel DTM to reduce any such biases and 

significantly expand the catalog of shortening structures 

on Mercury. Further work will see our map cover the 

entire planet. We will then be able to assess scarp 

parameters such as D/L or their shape of throw 

(topography along the scarp crest) as a function of their 

association with an ancient basin, its approximate 

diameter, and estimated age. Based on this as well as 

assessments of each scarp’s potential association with a 

larger scarp complex (and a resulting new estimate on 

the total number of faults and absolute displacement), 

we will be able to offer new constraints on Mercury’s 

global contraction, potential regional stress fields, tidal 

interactions, and material-related controls.

1608.pdf54th Lunar and Planetary Science Conference 2023 (LPI Contrib. No. 2806)



F
ig

u
r
e
 1

: 
 S

im
p
le

 c
y

li
n
d

ri
ca

l 
v
ie

w
 o

f 
th

e 
H

-1
1

 “
D

is
co

v
er

y
” 

q
u
ad

ra
n
g

le
 o

f 
M

er
cu

ry
 s

h
o

w
in

g
 c

o
lo

r-
co

d
ed

 t
o

p
o
g

ra
p
h

y
 o

v
er

 a
 h

il
ls

h
ad

e 
m

o
d

el
 o

f 
o
u

r 
n

o
v

el
, 
g

lo
b

al
, 
h

ig
h

-r
es

o
lu

ti
o
n

 D
T

M
 (

2
2
2
 m

/p
x

).
 L

in
ew

o
rk

 s
h
o

w
s 

o
u

r 
m

ap
 o

f 
sh

o
rt

en
in

g
 l

an
d

fo
rm

s 
b

as
ed

 o
n

 t
h
e 

D
T

M
 a

s 
w

el
l 

as
 1

6
6

 m
/p

x
 M

D
IS

 m
o

sa
ic

s.
 D

ar
k

-s
h
ad

ed
 a

re
as

 a
re

 a
n

ci
en

t 
b

as
in

s 
as

 m
ap

p
ed

 b
y

 [
1
1

] 
in

cl
u
d

in
g
 t

h
ei

r 
re

sp
ec

ti
v

e 
la

b
el

s.
 M

ap
p

ed
 s

ca
rp

s,
 w

h
o

se
 o

ri
en

ta
ti

o
n
 

an
d

 l
o
ca

ti
o

n
 w

e 
te

n
ta

ti
v

el
y

 a
ss

o
ci

at
e 

w
it

h
 a

 s
tr

u
ct

u
ra

l 
co

n
tr

o
l 
b

y
 o

n
e 

o
f 

th
e 

b
as

in
s 

ar
e 

co
lo

re
d

 a
cc

o
rd

in
g
ly

: 
M

at
is

se
-R

ep
in

 b
as

in
 (

b
lu

e)
, 
A

n
d

al
-C

o
le

ri
d
g
e 

b
as

in
 (

re
d

),
 B

9
8
 b

as
in

 (
b

lu
e
-g

re
en

),
 A

n
ei

ri
n
/B

3
7

 b
as

in
 (

d
ar

k
 

g
re

en
).

 T
h
e 

ap
p

ar
en

t 
st

ru
ct

u
ra

l 
co

n
tr

o
l 

b
y

 t
h

e 
A

n
d

al
-C

o
le

ri
d
g

e 
b
as

in
 e

x
te

n
d
s 

b
ey

o
n
d

 i
ts

 p
re

v
io

u
sl

y
 m

ap
p

ed
 e

x
te

n
t 

b
y

 a
p

p
ro

x
im

at
el

y
 o

n
e 

ra
d

iu
s,

 i
n

cl
u
d

in
g
 t

h
e 

D
is

co
v

er
y

 R
u
p

es
 a

n
d
 p

a
rt

s 
o

f 
th

e 
A

st
ro

la
b

e 
R

u
p
es

. 

R
ef

er
en

ce
s:

 
[1

] 
K

. 
T

. 
C

ra
n

e 
an

d
 C

. 
K

li
m

cz
ak

, 
Ic

ar
u
s 

3
1
7
, 

6
6
 (

2
0
1
9
).

 [
2

] 
M

. 
E

. 
B

an
k

s 
et

 a
l.

, 
J 

G
eo

p
h

y
s 

R
es

 P
la

n
et

s 
1

2
2
, 

1
0

1
0

 (
2

0
1

7
).

 [
3

] 
M

. 
E

. 
B

an
k

s 
et

 a
l.

, 
J 

G
eo

p
h

y
s 

R
es

 P
la

n
et

s 
1
2
0

, 
1
7
5
1
 (

2
0
1
5
).

 [
4

] 
P

. 
K

. 
B

y
rn

e 
et

 a
l.

, 
N

at
 G

eo
sc

i 
1
 (

2
0

1
4
).

 [
5

] 
K

. 
J.

 

B
ec

k
er

 e
t 

a
l.

, 
in

 L
u

n
a

r 
a

n
d
 P

la
n
et

a
ry

 S
ci

en
ce

 C
o
n
fe

re
n
ce

 (
2
0
1
6
),

 p
. 

2
9

5
9

. 
[6

] 
T

. 
R

. 
W

at
te

rs
, 

C
o

m
m

u
n

 E
a
rt

h
 E

n
v

ir
o

n
 2

, 
9

 (
2

0
2

1
).

 [
7

] 
A

. 
S

ta
rk

 e
t 

a
l.

, 
in

 L
u

n
a

r 
a

n
d

 P
la

n
et

a
ry

 S
ci

en
ce

 C
o
n
fe

re
n
ce

 (
2
0
1
7
),

 p
. 

2
2
8
7
. 

[8
] 

J.
 O

b
er

st
 e

t 
a
l.

, 
in

 L
u
n
a
r 

a
n
d
 

P
la

n
et

a
ry

 S
ci

en
ce

 C
o

n
fe

re
n
ce

 (
2
0
1
7
),

 p
. 

1
4
4
2
. 

[9
] 

F
. 

P
re

u
sk

er
 e

t 
a
l.

, 
P

la
n

et
 S

p
ac

e 
S

ci
 1

4
2
, 

2
6

 (
2

0
1

7
).

 [
1

0
] 

H
. 

B
er

n
h

ar
d

t 
et

 a
l.

, 
in

 E
u

ro
p

la
n

et
 S

ci
en

ce
 C

o
n

g
re

ss
 (

2
0
2
2
),

 p
p
. 

E
P

S
C

2
0
2

2
-2

7
8
. 

[1
1

] 
C

. 
O

rg
el

 e
t 

a
l.

, 
in

 E
u
ro

p
ea

n
 P

la
n
et

a
ry

 S
ci

en
ce

 

C
o
n

g
re

ss
 (

2
0

1
8

),
 p

. 
5

3
3

. 
[1

2
] 

V
. 

G
al

lu
zz

i 
et

 a
l.

, 
in

 E
u
ro

p
la

n
et

 S
ci

en
ce

 C
o

n
g

re
ss

 (
2

0
2

1
),

 p
p

. 
2

0
2

1
–
7

8
9

. 
[1

3
] 

H
. 

B
er

n
h

ar
d

t 
et

 a
l.

, 
Ic

ar
u

s 
2

6
4
, 

4
0

7
 (

2
0

1
6

).
 [

1
4

] 
H

. 
B

er
n
h
ar

d
t 

an
d
 D

. 
A

. 
W

il
li

am
s,

 I
ca

ru
s 

3
6
6

, 
1
1
4
5
1
8
 (

2
0
2
1
).

 [
1
5
] 

B
. 

C
. 

Jo
h
n
so

n
 e

t 

a
l.

, 
S

ci
en

ce
 (

1
9

7
9

) 
3

5
4
, 

4
4

1
 (

2
0
1
6

).
 [

1
6

] 
R

. 
W

. 
K

. 
P

o
tt

er
, 

Ic
ar

u
s 

2
6
1

, 
9

1
 (

2
0

1
5

).
 [

1
7

] 
S

. 
A

. 
H

au
ck

 e
t 

a
l.

, 
in

 M
er

cu
ry

 -
 T

h
e 

V
ie

w
 a

ft
er

 M
E

S
S

E
N

G
E

R
 (

C
am

b
ri

d
g

e 
U

n
iv

er
si

ty
 P

re
ss

, 
2
0
1
8
),

 p
p
. 

5
1

6
–

5
4
3
. 

[1
8
] 

R
. 

G
. 

S
tr

o
m

, 
N

. 
J.

 T
ra

sk
, 

an
d
 J

. 
E

. 

G
u
es

t,
 J

 G
eo

p
h

y
s 

R
es

 8
0
, 
2
4
7
8
 (

1
9
7
5

).
 [

1
9

] 
T

. 
R

. 
W

at
te

rs
 e

t 
a
l.

, 
G

eo
p
h

y
s 

R
es

 L
et

t 
3

1
, 

L
0

4
7

0
1

 (
2

0
0

4
).

 [
2

0
] 

P
. 
K

. 
B

y
rn

e,
 C

. 
K

li
m

cz
ak

, 
an

d
 A

. 
M

. 
C

el
âl

 Ş
en

g
ö

r,
 i

n
 M

er
cu

ry
 -

 T
h
e 

V
ie

w
 a

ft
er

 M
E

S
S
E

N
G

E
R

 (
C

am
b

ri
d
g
e 

U
n
iv

er
si

ty
 P

re
ss

, 
2
0
1
8
),

 p
p
. 

2
4
9

–
2

8
6

. 
[2

1
] 

R
. 

J.
 P

h
il

li
p

s 
et

 a
l.

, 
in

 M
er

cu
ry

 -
 T

h
e 

V
ie

w
 a

ft
er

 M
E

S
S
E

N
G

E
R

 (
C

am
b

ri
d

g
e 

U
n

iv
er

si
ty

 P
re

ss
, 

2
0

1
8

),
 p

p
. 

5
2

–
8

4
. 

[2
2

] 
T

. 
R

. 
W

at
te

rs
 e

t 
a

l.
, 

E
ar

th
 P

la
n

et
 S

ci
 L

et
t 

2
8
5

, 
3
0
9
 (

2
0
0
9

).
 [

2
3
] 

T
. 

R
. 

W
at

te
rs

 e
t 

a
l.

, 
G

eo
p

h
y
s 

R
es

 L
et

t 
4
2

, 
3
7
5
5
 

(2
0

1
5

).
 

1608.pdf54th Lunar and Planetary Science Conference 2023 (LPI Contrib. No. 2806)


