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Introduction:  Megabreccia is a cataclastic deposit of 
large (here defined as ≥10 m diameter), typically angu-
lar blocks set within a finer-grained matrix. Megabrec-
cia is a high priority target for in situ Mars exploration 
and sample return because it is likely some of the oldest 
exposed materials on Mars and may contain unique rec-
ords of early Martian geologic history. Here we address 
three questions about the megabreccia:  

1. What is the significance of Martian megabreccia? 
2. What is the nature of the megabreccia within the 
proposed northeast (NE) Syrtis Mars 2020 landing 
site ellipse?  
3. What are the origin and age of the megabreccia? 

We assessed these questions by investigating the size 
and shape, texture, mineralogy, spatial distribution, and 
stratigraphic position of the megabreccia blocks within 
and around the landing ellipse in context with the geol-
ogy of NE Syrtis and studies of terrestrial impact cra-
ters. 

Origin and Significance:  Megabreccia has been 
identified on Earth [1] and Mars [3-7]. On Earth, it 
formes in highly energetic environments such as mete-
oroid impacts [8], volcanic events [9] and landslides 
[10]. On Mars, megabreccia has been imaged in central 
peaks of large Noachian craters and on the rims of ba-
sins in Noachian terrains. The strong association of 
megabreccia with impact craters and the modest nature 
of global-scale tectonic activity on Mars [11] most Mar-
tian megabreccia have an impact origin.   

Martian megabreccia may provide the earliest rec-
ords of Martian paleoclimate and habitability including 
aqueous processes, biosignatures, planetary accretion, 
and igneous differentiation.  Because many megablocks 
are layered and may have been derived from locations 
in the original bedrock close to those of adjacent blocks, 
they could provide access to up to hundreds of meters 
of intact stratigraphy of the ancient crust. Additionally,  
because the Martian dynamo is thought to have ceased 
prior to the beginning of the early Noachian, megabrec-
cia may also provide the only accessible materials that 
could constrain the ancient Martian dynamo, whose de-
mise may have been a key factor in the loss of an early 
thick atmosphere [12, 13]. 

Megabreccia at NE Syris: Numerous megabreccia 
exposures are found in an arc along the western rim seg-
ment of Middle-Early Nochian Isidis impact basin [3, 4 
14, 15] in a region thought to be located between the 
inner and outer rings of the impact structure [16]. As 
described by ref. [4], we mapped 147 megabreccia out- 

crops in this region, focusing in particular on the candi-
date Mars 2020 landing site ellipse. We observed a va-
riety of textures, albedos and colors, with some blocks 
exhibiting clear banding. Mapping of stratigraphic rela-
tionships revealed that megabreccia blocks likely are 
samples of the pre-Isidis Noachian basement.  

In the candidate NE Syrtis landing ellipse, there are 
8 observed exposures of megabreccia containing a total 
of 53 blocks with diameters >10 m (Fig. 1). These 
blocks are sparser and/or less well-exposed compared to 
those in areas outside the ellipse and none exhibit band-
ing. Four contain Fe/Mg-smectite while the other two 
contain low Ca pyroxene (LCP) and Fe/Mg-smectite 
(Fig. 1). Five contain both Fe/Mg-smectite and LCP-
Fe/Mg-smectite mixtures. We did not observe any 
blocks of pure LCP composition, suggesting that all 
blocks are altered to some extent.  

Terrestrial analogs: 
Field studies and numerical modeling. Field studies 

show that the majority of megablocks produced by 
small complex craters (e.g., ~25 km diameter Ries 
crater) can be in the form of ejecta [17], while mega-
breccia formed by basin-scale events (e.g., the ~180-km 
diameter Chicxulub crater) is derived primarily from in 
situ disrupted basement and material flowing out from 
the initial central uplift [18]. Numerical modeling of the 
lunar Orientale basin (~900 km diameter) [19] shows 
the same wave-like structure of deeply sourced mega-
breccia flows. This material, now near the surface, may 
have originated from a depth of >50 km and experienced 
peak shock pressures of ~100 GPa.  

On Mars, material sourced from the central region 
of Isidis was likely once present in the area of the cur-
rent NE Syrtis landing ellipse; however, subsequent ero-
sion of the basement unit (i.e., [3]) has probably re-
moved much of the surface-flow megabreccia deposits 
and removed most of the continuous ejecta blanket in 
the area of the large exposed blocks. The deposits visi-
ble in the landing ellipse likely represent in-situ dis-
rupted basement megabreccia derived from as much as 
0-5 km deep and subject to pressures ranging from 0 up 
to >25 GPa. Therefore, this unit may contain relatively 
unshocked material from within the upper crust.  

Crater scaling laws. Although the ellipse location 
within the inner ring of the Isidis basin strongly favors 
an origin of the megabreccia by a flux of materials from 
depth due to the Isidis impact, it is conceivable that 
some blocks could instead be ejecta from much younger 
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nearby craters like Jezero (49 km diameter) and Har-
graves (65 km diameter). In particular, scaling laws 
show that for craters in the gravity regime, the continu-
ous ejecta blanket typically extends ~2.35 crater radii 
from a crater’s center [20]. This criterion excludes Har-
graves but permits Jezero to be a significant source of 
ejecta at the NE Syrtis ellipse.  

We assessed the expected number of Jezero ejecta 
blocks in the megabreccia range using gravity-regime 
crater scaling laws [21, 22]. We find that Jezero should 
have produced blocks with diameters up to ~500 m.  
However, given the expected ejecta size distribution and 
the size of Jezeros’ ejecta blanket compared to the size 
of the landing ellipse, we estimate that <1 ejecta blocks 
of diameter >10 m should be present in the ellipse.  

Findings: We have four main findings: 
1. Most NE Syrtis megabreccia is likely from the 

Isidis impact event. The evidence for this is that: 
• the ellipse is located between the inner and outer rings 

of Isidis, where megabreccia should form. 
• the megabreccia is almost exclusively confined to the 

Basement Unit of ref. [14]. 
2. NE Syrtis megabreccia may retain records of the 

Mid-Noachian, and possibly even pre-Noachian geo-
logic, climatic, astrobiological and magnetic history of 
Mars. This is supported by the fact that: 
• the Isidis impact is thought to have occurred in the 

early Late-Early Noachian. 
• the megabreccia are expected to include significant 

quantities of materials not shocked to above 5 GPa. 
• blocks located outside of the landing ellipse contain 

layering that may be Noachian stratigraphy. 
3. The nature of the megabreccia’s geologic record is 

currently uncertain.  This is due to the following: 
• The blocks’ small sizes makes it difficult to establish 

from orbit whether they are are igneous or sedimen-
tary and the extent of any metamorphism and shock. 

4. Because the best megabreccia exposures are out-
side the current landing ellipse, we propose an alterna-
tive landing location and extended mission targets for 
further study. Unlike the current ellipse, the new area is 
• of interest because it contains well-expressed expo-

sures of layered blocks. 
• closer to the sulfate unit and Syrtis Major lavas. 
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Fig. 1. Megabreccia at NE Syrtis, 
Mars. (A) Megabreccia compositions 
(on CTX background). By evaluation 
through HiRISE color, blue circles = 
megabreccia containing both LCP 
and phyllosilicates and green circles 
= megabreccia containing only phyl-
losilicates. Ellipse = candidate Mars 
2020 landing site (B), white square = 
location of image in (C), and yellow 
square = proposed alternative land-
ing site area. (B) Megabreccia block 
lithologies in and around the candi-
date landing ellipse. (C) Megabrec-
cia exposure from ref. [3] in HiRISE 
color. Arrows show locations of 
blocks of mafic composition (blue) 
and Fe/Mg-smectites (green). 
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