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Introduction: Isidis Planitia is a ~1500 km diameter 

basin centered at 13°N 87.0°E and is thought to be the 
last major impact basin that formed on Mars, approxi-
mately 3.9 billion years ago [1]. The Mars 2020 rover 
landing site was selected to be Jezero crater, which lies 
within the outer rim of Isidis [2]. Thus, the circum-Isidis 
region represents a unique area for in situ investigations 
of basin-forming impact processes and their ejecta on 
Mars [3]. However, it is currently unknown how deeply 
the Isidis impact excavated, and thus it also unknown 
what types of materials the Mars 2020 rover will en-
counter and collect for possible future sample return.  

A recent study [4] modeled the formation of the sim-
ilarly-sized South Pole-Aitken basin on the Moon, 
showing that SPA ejecta should contain a large fraction 
of upper mantle material, which is consistent with the 
observed enrichment in such mafic phases as orthopy-
roxene (OPX) in likely ejecta materials in the lunar 
highlands. An upper OPX-rich mantle has major impli-
cations for the petrology of the Moon and how it formed 
from an early magma ocean. Recent spectral observa-
tions have also identified OPX in the ejecta blocks of 
Argyre Planitia, another large multi-ring basin on Mars 
[5], and OPX is the dominant mineral detected in hy-
pothesized ejecta materials from Isidis itself [6].  

By implication, we hypothesize that Isidis may also 
be capable of excavating the upper mantle on Mars. If 
Mars also has an upper mantle rich in low-Ca pyroxene, 
it would imply that the olivine rich upper mantle of 
Earth is unique in our solar system. If upper mantle ma-
terials are expected to be present in the circum-Isidis re-
gion, these could be important targets for Mars 2020 and 
future Mars sample return missions.  

Two previous studies have investigated the for-
mation of Isidis through means of numerical modeling 
[6,7]. The first study’s best-fit [6] was produced by a 
100 km diameter impactor striking a 60 km thick pre-
impact crustal thickness with a geothermal gradient of 
20 K/km; however, this work did not constrain the depth 
of excavation, and did not cap the temperature gradient 
within the crust at the melting point, leading to unreal-
istically high temperatures at the base of the crust. Our 
previous study into the formation of Isidis [7] contained 
a limited scope of impactor parameters and was not con-
strained by observations. Here, we expand upon our pre-
vious work’s hydrocode simulations by considering a 
broader range of parameters with the aim of determining 
the depth of origin and shock state of materials con-
tained within, and exterior to Isidis. 

Modeling Approach: We used the iSALE shock 
physics code [9-11] for the hydrocode modeling. The 
runs were conducted in axisymmetric 2D. To save com-
putation time, most of the runs were conducted with a 
planar Mars target; however, we conducted additional 
runs with a spherical target with a central gravity field 
to quantify the variation between a planar and spherical 
target. The crust, mantle, and core were modeled with 
ANEOS equations of state for basalt, dunite, and iron, 
respectively [12]. Our high-resolution zone contained 
cell sizes of 2 km and extended 1000 cells from basin 
center and to a depth of 1000 cells. Outside this zone, 
the cells increased to a maximum size of 10 km. 

To simulate the rheology of dunite and basalt, we 
incorporated a rock-like strength model [10], a damage 
model with an exponential dependence on plastic strain 
[10, 13], a dilatancy model [14], tensile failure model 
[10], and a thermal weakening model [15] correspond-
ing to the temperature- and pressure-dependence of the 
material. Additionally, we incorporated a visco-elastic-
plastic rheology for the mantle [16], which was not in-
voked in previous simulations [6, 7]. 

We conducted a parameter sweep of runs varying 
the geothermal gradient (10-30 K/km), pre-impact crus-
tal thickness (40-60 km), projectile diameter (120-190 
km), and melt viscosity (0-1010 Pa∙s). The impact veloc-
ity (12 km/s) was held constant to maintain consistency 
with previous work [7, 8]. 

Results: Figure 1 shows the comparison of our best-
fitting hydrocode run with the observed crustal thick-
ness of Isidis Planitia [17]. We can match, within one 
standard deviation, the observed crustal thickness using 
a 180 km diameter projectile impacting at 12 km/s into 
a 40 km thick pre-impact crust with a geothermal gradi-
ent of 30 K/km and a melt viscosity of 2×109 Pa∙s. 
While the impactor diameter is larger than previous es-
timates [6], it produces a better fit to the observed crus-
tal thickness within and surrounding Isidis. 

Figure 2 shows a stack plot of the Lagrangian tracer 
particles outputted for this run. For a 180 km diameter 
impactor, lower-crust and mantle material is excavated 
within the ejecta curtain and is a major component of  
the central peak collapse. Mantle materials from both 
sources is deposited at the distance between the Mars 
2020 landing site at Jezero crater and the center of Isidis 
(outlined by the black dotted lines). 

The majority of material has been shocked above 10 
GPa with higher shock pressure corresponding with 
deeper depth of provenance. Using the texture and 

1327.pdf51st Lunar and Planetary Science Conference (2020)



characteristic shock effects for the progressive stages of 
shock metamorphism of basaltic achondrites, illustrated 
in Table 2 of [18], the Mars 2020 rover should be able 
to determine the peak pressure of material present in the 
ejecta, and the results of our models could be used to 
determine the depth of provenance.  

Conclusions: Our previous work [7] concluded that 
mantle material could be deposited at the Mars 2020 
landing site by the collapse of the central peak and its 
outward flow. The extent to which the central peak 
flows outward after collapsing is debated [19], which 
resulted in some uncertainty as to whether the Mars 
2020 rover would indeed be able to observe mantle ma-
terial. However, we now show that for the 180 km di-
ameter impactor that produces the best-fit to observa-
tions, mantle material is also deposited within the ejecta 
curtain. Thus, it is plausible that at least some of the or-
thopyroxene observed in the circum-Isidis region is up-
per mantle material. 

Based on the results presented here, the Mars 2020 
rover could encounter a mixture of upper- and lower-
crustal, and mantle material in the hypothesized Isidis 
ejecta deposits that form the basement unit within the 
rim and outside of Jezero crater. Whether or not the 
provenance of Isidis ejecta around Jezero today corre-
sponds to Figure 2 depends on how much erosion has 
taken place in the subsequent 3.9 Gy after emplacement. 
Orbital imagery shows a diverse suite of layered ejecta 
as well as large megabreccia blocks in this area, which 
dominantly exhibit an orthopyroxene spectral signature 
and variable alteration signatures [20], potentially con-
sistent with provenance in the lower crust and upper 
mantle.  

Using the Mastcam-Z, SuperCam, PIXL and 
SHERLOC to identify microfracturing, incipient melt-
ing, large scale melting, and/or brecciation, we hypoth-
esize that data from the Mars 2020 rover can be used to 
determine the peak pressure of material in the ejecta and 
thus its depth of provenance. Thereby, the results of this 
study can be used as a guide for the Mars 2020 team to 
identify in situ the composition of the lower crust/man-
tle at the time of the Isidis impact, and identify these 
valuable samples for Mars sample return. This result 
will further enable ejecta composition/alteration to be 
linked to depth of provenance and better constrain early 
crustal modification processes. 

 
Acknowledgements: We gratefully acknowledge the de-

velopers of iSALE-2D, including Gareth Collins, Kai Wünne-
mann, Dirk Elbeshausen, Boris Ivanov and Jay Melosh. This 
work was partly supported by the NASA Earth and Space Sci-
ence Fellowship (80NSSC18K1265). 

References: [1] Frey, H.V. (2006) JGR. Planets, 111, E8. 
[2] Grant, J.A., et al. (2018) Planet. and Space Sci., 164, 106-
126. [3] Weiss et al. (2018) LPSC XLIX, Abst. #1385. [4] 
Melosh, H.J., et al. (2017) Geology, 45, 1063-1066. [5] Bucz-
kowski, D.L., et al. (2010)  JGR Planets, 115, E12. [6] Mu-
stard, J.F., et al. (2009) JGR, 114, E2. [7] Mancinelli, P., et al. 
(2015) Mars. Planet. and Space Sci., 117, 73-81. [8] Trow-
bridge, A. J., et al. (2019) LPSC Vol. 50, Abst. #2710 [9] Ams-
den, A., et al. (1980) LANL Report, 8095, 101p. [10] Collins, 
G.S., et al. (2004) Meteoritics and Planet. Sci., 39, 217-231. 
[11] Wünnemann, K., et al. (2006) Icarus, 180, 514-27. [12] 
Thompson, S. (1972) SNL Report, SC-RR-710714. [13] John-
son, B.C., et al. (2016) Science, 354, 441-444. [14] Collins, 
G.S. (2014), J. Geophys. Res. Planets, 119, 2600–2619. [15] 
Ohnaka, M. (1995) GRL, 22, 25-28. [16] Elbeshausen, D., & 
Melosh, J. (2018), arXiv preprint arXiv:1805.06453. [17] Ge-
nova, A. et al. (2016) Icarus, 272, 228–245. [18] Biscoff, A. 
& Stoffler, D. (1992) Eur. J. Mineral, 4, 707-755. [19] Ste-
wart, S.T. (2011) LPSC Vol. 42, Abst. #1633. [20] Scheller, 
E.L. & Ehlmann, B.L. (2018) LPS XLIX, Abst. #1631. 

0 200 400 600 800 1000
Radial Distance (km)

0

10

20

30

40

50

60

70
C

ru
st

al
 T

hi
ck

ne
ss

 (k
m

) 1-Sigma
Observation
iSALE Best Fit

Figure 1. Comparison of observed crustal thickness with  iSALE 
best-fit. The solid red line shows the result of a hydrocode simulation 
with a 180 km in diameter dunite projectile impacting at 12 km/s into 
a 40 km thick pre-impact crustal thickness with a geothermal gradient 
of 30 K/km and a melt viscosity of 2x109 Pa∙S. The black solid line is 
the azimuthal averaged observed crustal thickness taken at 360 
intervals around the basin center while the error bars represent one 
standard deviation (1σ) from that average. Observed crustal thick-
ness anomalies derived from the inversion of the NASA GMM-3 
Bouguer gravity field from degree 2 up to degree 100 [17]. 

Figure 2. Stack plot of lagrangian tracer particles outputted for our 
iSALE best-fit run. Tracer particles were binned with a width of 10 
km. Impactor (red) corresponds to the remnent impactor, upper crust 
(green) cooresponds to tracer particles with pre-impact depth above 
20 km, lower crust (orange) corresponds to tracer particles with 
pre-impact depth between 20-40 km, and mantle (blue) corresponds 
to all material with pre-impact depth below 40 km. The black dotted 
lines illustrate Jezero crater (~640 km from the center of Isidis Plani-
tia). Note: the stack plot does not represent distinct uniform layers or 
stratigraphy.
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