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Introduction: Understanding complex crater for-

mation is an important and yet unrealized objective in 

planetary science. Foremost among the poorly under-

stood issues is how originally deep-seated rocks are 

uplifted to form central structures [1]. Previous work 

suggest that ‘elastic rebound’ during the cratering pro-

cess is inadequate unless some mechanism ‘fluidizes’ 

the rock mass [2]. According to the Melosh model of 

acoustic fluidization [3], an intense sound wave travels 

through the rock after it has been fractured by the im-

pact process, causing the fractured pieces to vibrate. 

Once a period these vibrations cancel out with the 

overburden pressure and cause a temporary reduction 

in friction. This allows the fractured rock mass to be-

have like a fluid [3].  

A common way that acoustic fluidization is imple-

mented in numerical hydrodynamic models of impact 

formation [4] is the so-called Block Model [5]. This is 

a simple parameterization of the complex set of transi-

ent conditions associated with the acoustic fluidization 

process and its physical plausibility is based solely on 

Ivanov’s early study of the 40-km Puchezh-Katunky 

crater in Russia [6]. In this model the bedrock fractures 

to form megablocks 50-200 m across.  These mega-

blocks are brought up to the surface in an acoustically 

fluidized breccia matrix. For this to work the speed of 

sound in the block must be large compared to the peri-

od of the oscillation. Put another way, the speed of 

sound in the block must be larger than that of the brec-

cia. Having a soft breccia whose thickness is no less 

than 10-20% of the thickness of the block would be 

sufficient to allow fluidization [2].  

Acoustic fluidization in general, and the block 

model specifically, predict certain characteristics of the 

materials within central structures that are testable:   

1. Fluidization should disaggregate the uplifted as-

semblage so that there is little-to-no structural 

coherence between adjacent blocks (i.e., strikes 

and dips should be uncorrelated between 

blocks); 

2. Blocks should have simple shapes, free of com-

plex protrusions; 

3. Adjacent blocks should not show interlocking, 

jig-saw-like relationships; 

4. The average width of the fine-grained matrix 

containing the megablocks should be no less 

than 10-20% the megablock width.  

Martin Crater: Martin Crater (D=58 km) is a com-

plex crater located at approximately 21.4° S 69.3° W in 

the Thaumasia Planum region of Mars. The region is 

composed of layered basaltic lava flows interbedded 

with softer pyroclastics [7]. Scarps and ridges oriented 

roughly N-S are common in the area surrounding the 

crater but don’t cut through it [7]. The exposed central 

uplift of Martin Crater is ~16 km in diameter and com-

posed of large interlocking megablocks brought up 

from a depth of ~5.3 km according to scaling relation-

ships in [1]. Most of these blocks have been rotated so 

that the bedding is near-vertical; revealing the cross 

sections of the blocks. This orientation provides a 

unique opportunity to study the deformation from aeri-

al orbital images. Previous work on Martin Crater [8] 

has suggested that the overall NW-SE strike of the 

bedding is a remnant of oblique impact. Other complex 

craters with exposed layered bedrock have been identi-

fied and investigated on Mars [9].  

Methods: Mars Reconnaissance Orbiter (MRO) data 

was used as a base map for this analysis. Context Cam-

era (CTX) images and High Resolution Imaging Sci-

ence Experiment (HiRISE) images were compiled in 

ArcGIS 10.1 for detailed mapping. The central uplift 

was divided into three units based on the level of bed-

rock exposure and the continuity in the megablocks 

(obscured, partially mantled, bedrock). Megablocks are 

distinguishable and the bedding within them is contin-

uous throughout the block. In mapping the separate 

megablocks, distinctions were made based on the over-

all orientation of the block and major faults. The strike 

and dip of the bedding were estimated based on analy-

sis of HiRISE stereo pairs and topography.  

Discussion: In this study structural mapping of the 

Martin Crater uplift was done to compare the styles and 

magnitudes of deformation seen there with those pre-

dicted by the acoustic fluidization models. Assuming 

original horizontality of the lava, we conclude that all 

deformation seen in the megablocks is the result of the 

impact process itself. 

As seen in Figure 1 and 2 the megablocks are in-

tricately packed together with interlocking, jigsaw-like 

intersections. Only in a few places are they randomly 

oriented. In most of the uplift the bedding plains of the 

separate blocks correlate across local block boundaries 

to form large folds that extend across the majority of 

the uplift. These folds are accommodated by the 
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fracturing of the bedrock, so that the individual blocks 

show little internal strain. The average amount of 

shortening within the individual blocks measured is 

only 4.3%, and most of the blocks showed no shorten-

ing at all. Where the folds are the tightest the blocks 

are smaller, indicating brittle folding. 

 Block separation was measured in a well exposed 

area of the uplift, as seen in Figure 1, and the results 

are shown in Table 1. The amount of separation needed 

for fluidization is only present around a few of the very 

small blocks. These blocks are within a large crack 

between two major blocks. The separation between the 

larger blocks is far less than what is needed for fluidi-

zation.  

Conclusion: The continuity of the bedding across local 

block boundaries in large folds, the complex intercon-

nected block boundaries, and the lack of sufficient 

breccia matrix are incompatible with the Block Model 

specifically, or a fluidization mechanism, in general. 

Our analysis of  Martin Crater suggests that fluidization 

may play a minor role in localized zones within the 

uplift; however, it does not appear to be a viable expla-

nation for central peak formation. We are not able to 

propose an alternate mechanism at this time; however, 

any model advanced to explain central uplift should 

address the constraints observed at Martin crater.  
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Table 1. The average measured block separation is far lower than 
what is required by the Block Model of acoustic fluidization. The 
Block # corresponds to the blocks as shown in Figure 1. The Average 
width of the block was determined by taking the square root of the 
measured blocks area. The Expected Block Separation is 10-20% of 
the width of the block according to [2]. 

 

Figure 2. Map of western part of Martin’s uplift showing a 5-km-thick 
tightly folded near-vertical layered sequence. Yellow indicates exposed 
megablocks. 

Figure 1. Map showing location and orientation of megablocks used in 
Table 1. These block were used because they are very well exposed and 
the transition from block to block is clear. 
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