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Introduction:  Mercury  holds a crucial position 
in understanding the evolution of the terrestrial plan-
ets.  Its unique high density and relatively small size 
combined  with  the  puzzling  detection  of  a  dipole 
magnetic  field  caused  extensive  debate about its  in-
ternal state, particularly the core state.  New observa-
tions of variations in Mercury's  spin rate  made with 
Earth-based  radar,  imply  that  its  solid  mantle  and 
crust  must  be  decoupled  from  the  core,  providing 
strong evidence that Mercury's core is at least partial-
ly molten [1].

Striking geological features on Mercury's surface 
could also potentially  provide  insights  regarding the 
early  core  state,  thus  providing  end  member  con-
straints  on the  planet’s  thermal  evolution.   The un-
usual disrupted  terrain [2]  is  located  directly  at  the 
antipode  of  the  1500-km-diameter  Caloris  basin, 
which plausibly could have formed as a consequence 
of focused seismic waves associated with the Caloris 
impact [3, 4].  If the focused seismic waves did cause 
the disrupted terrain, then the amplitudes of the seis-
mic waves and the areal extent of surface disruptions 
could  be modulated  by  Mercury's  core  size  and  its 
physical state.   Following this idea, we develop 1-D 
physically  consistent  structure  models  for  Mercury 
and parameterized seismic source models for Caloris 
impact.   Compared  to  previous  work  [3,  4]  we  use 
improved  information on internal properties  and ad-
vanced computational methods for the seismic source 
and wave propagation  discussed  later.   We  explore 
the effects of various parameters on the antipodal fo-
cusing seismic waves. 

Physical  Process  and  Model: Because  of  the 
wide  range  in  spatial  and  temporal  scales,  and  the 
markedly  different  physical  processes,  the  entire 
complex process  of a major impact and global wave 
propagation can not be modeled  by a single method. 
Additionally,  certain  assumptions  and  approxima-
tions are necessary to parameterize the complex mul-
tiple physical processes into simple models.  In gen-
eral, we deconstruct  the full process into three com-
ponent  parts:  1)  For  the  basin-forming  impact,  we 
model  the high-velocity  Caloris  impact  as an explo-
sion source  near  the  surface  of  Mercury  with  three 
parameters: scalar moment tensor M0, corner frequen-
cy fc, and depth of burial H. 2) For wave propagation 

through  the  planet  with  core  states  constrained  by 
thermal models, we construct Mercury's 1-D internal 
structure  models  ranging  from  one  with  a  fully 
molten core, to one with slightly molten or solid core 
(Fig.  1).  We use the  normal mode  summation  code 
MINEOS1.0 to carry out the simulation of synthetic 
seismograms. 3) For the disruption process at the an-
tipode, we examine tensile stresses and surface accel-
erations to determine when the tensile stress exceeds 
that of Mercury's lithosphere, or when the surface ac-
celerations  exceed  3.59 m/s2  (gravitational  accelera-
tion at Mercury's surface), disruption will occur.

Results and Discussion: To explore the relative 
effects  of  seismic  source  parameters  and  internal 
state on the seismic waves, we have computed a se-
ries of models. Although a few previous studies have 
been carried out either on the formation of disrupted 
terrains antipodal to major impacts [3 - 7] or on the 
plausible models  of Mercury's  internal structure  [8], 
for  the  first  time,  this  study  utilize  1-D physically 
consistent internal structure models of Mercury to in-

     Fig.  1  Two end member physically  consistent  1-D 
seismic  structure  models  of  Mercury.  The  Red  curves 
show the property profiles for model with a solid core; the 
blue ones are for model with a molten core. The thin black 
curves are profiles of PREM Earth model which are scaled 
to the Mercury's size for references. 
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vestigate  the  relevance  of  Mercury's  internal  state 
and the antipodal seismic response to the Caloris im-
pact.

 Moreover,  in  contrast  to  previous  studies,  we 
used  a two-step  modeling  approach  to  characterize 
the source and propagation separately, which enables 
us to estimate the partitioning of energy between var-
ious seismic modes.  

The sensitivity  of seismic response to the inter-
nal state is dependent on the dominant seismic modes 
decayed  and  radiated  from  the  impact.   Surface 
waves tend to dominate when models  are character-
ized  by  relatively  shallower  explosion  source  and 
lower corner frequency, and the body waves tend to 
dominate when models are characterized by relative-
ly  deeper  explosion  source  and  higher  corner  fre-
quency.   In the cases in which surface waves domi-
nate, the internal state has little impact on the surface 
seismic  response,  and  therefore  can hardly  be con-
strained by the area of disrupted terrain.  In the cases 
in which body waves dominate, the seismic response 
of the internal state  with molten core is 2-4.5 times 
larger  than that  with  a solid  core,  and these  models 
can potentially  be used  to  differentiate  the  internal 
state  models.   Because the core is  probably at least 
partially  molten  at  present  [1],  the  core  was  more 
likely  fully  molten  or  mostly  molten  at  the  time  of 
the Caloris impact. Our results  show that there is lit-
tle effect on the results of model with a fully molten 
core, if a rather small inner solid core was present.  
     Fig. 2 shows the variation of peak stress  ampli-
tudes  with  angular  distance  from  the  source.   The 
first order feature of the curves is that the amplitudes 
decrease  rapidly  away  from  the  antipode  within 
about 2-3 angular degrees, and the amplitudes change 
little after about 5 angular degrees away from the an-
tipode.  Based on the shape of the curve, a disruption 
zone most likely occur within 2-3 angular degrees or 
throughout  the entire  planet.   Instead, the images of 
chaotic terrain on Mercury shows that the disruption 
is not confined within 2-3 angular degrees to the an-
tipode,  instead,  the  area  has  highly  irregular  shape 
and  larger  radius  (5-10  angular  degrees).   Surface 
disruption caused by the Caloris impact may have oc-
curred throughout the entire planet.          

     Summary and Conclusions:  The peak amplitude 
of the seismic waves is modulated by both the source 
model  and  the  internal  state  model.   Our  modeling 
results  suggest that the antipodal seismic response is 
more  sensitive  to  the  equivalent  source  function 
models  of the Caloris impact  than the Mercury's  in-
ternal state. 

Moreover,  the sensitivity  of seismic response to 
internal  state  is  dependent  on the  dominant  seismic 
modes.  In other words, the effects on the seismic re-
sponses  from the internal state  and the source func-
tion are coupled.  Therefore, both the source function 
of  the  impact  and  the  internal  state  models  are  re-
quired  to obtain a reasonable estimation of the seis-
mic response.  
      We also find that plastic deformation may have 
occurred  throughout  the entire  planet,  not  just  close 
to  the  source  and the  antipode.   This  indicates  that 
the  antipodal  response  to  the  Caloris  impact  may 
have  been  significantly  modulated  by  the  shallow 
structure  of the Mercury,  where  plastic  deformation 
occurs  due to  low static  stress  level  combined  with 
relatively high dynamic stress disturbance.
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    Fig. 2   Variation of peak stress with  the angular dis-
tance from the antipode.  Antipode is at the right side (180 
degrees of angular distance from the source).  Each of the 
models  is  normalized  by  values  around  the  angular  dis-
tance of 135 degrees.  Two groups of models  showed here 
have different  depths  of the  equivalent  explosion  source. 
(a) 20 km-deep source, surface waves dominate.  (b) 100-
km-deep  source,  body  waves  dominate.   Blue  and  red 
curves are models with molten core, solid core. 
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