
  

PRESERVATION OF TROPICAL SUBSURFACE ICE INTO THE VERY RECENT HISTORY OF MARS

Background Image: 20-km SLE crater located in Hephaestus Fossae (21ºN,237ºW); Mars Express HRSC ESA/DLR/FU
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Introduction
The evolution of subsurface tropical ice on Mars is vital to 
understanding the history of volatiles and implications for climate 
and geology. Ice is presently not stable at equatorial latitudes 
[e.g., 1] and the time-integrated loss is unknown [2, 3]. Layered 
ejecta craters have long been thought to tap buried ice [e.g., 4] 
and can sample to greater depths (100's m) – necessary at low 
latitudes – than possible with neutron spectroscopy or even 
surface-penetrating radar. With the advent of near-global 10-m 
imaging of Mars, individual craters can be dated from smaller 
craters superposed on their ejecta blankets [e.g., 5]. We have 
estimated model formation ages of single-layered ejecta (SLE) 
craters throughout Mars' tropical region. We focus on SLE craters 
because of their prevalence at these latitudes. Analyzing ages of 
these craters promises a 4D reconstruction of buried ice on Mars 
where it is presently unstable at the surface.

● Selected 53 SLE craters from the Robbins [6] database within ±30º 
latitude with diameter (D) ≥5 km and MRO CTX coverage

● Measure smaller craters superposed on SLE crater ejecta and in a 
nearby region on the same geological unit

● Assign degradation class 1 (freshest) to 4 (most degraded) and identify 
obvious secondaries in clusters and chains

Methods

● Compare SLE (ejecta) and region 
(reference) differential crater size-
frequency distributions (SFDs) to 
assess what diameters are potentially 
modified by erasure, secondary 
contamination, or older craters 
partially buried by ejecta. All crater 
SFDs are computed using the kernel 
density technique suggested in [7]. 
This example shows small craters 
(D≳200 m) likely have been modified, 
therefore we try D=200-500m for 
estimating the formation age.

● Estimate model formation age (top 
values; in Ga) for the SLE crater 
through fitting the Neukum [8] 
production function (PF) to the 
superposed crater cumulative SFD. 
Fits are computed for three diameter 
ranges (bottom values): range from 
comparison above (green), range 
where least squares between PF and 
SFD is minimized (blue), for D≥200m 
(purple). Model age is derived from 
the best fit(s). Here, we see good 
agreement between the fits.

Results

● Intermingling of SLE, MLE, and radial-ejecta craters throughout 
tropics indicates strong spatial/temporal heterogeneity in subsurface 
ice distribution

● MLEs are typically larger than SLEs & transition D of ~11 km implies 
transition de ~1.1 km [also 12], but not clear if indicates a mean 
configuration of the ice-cemented cryosphere

● Subsurface ice distribution may not reflect simple “ice table,” so SLE 
crater formation may depend on specific depth profiles of ice [13]

Conclusions
➢ There are small (D < 10 km), young SLE craters (< 1 Ga) at tropical latitudes indicating 

subsurface ice currently near the surface, which could be tapped by future explorers.

➢ SLE formation rates are statistically consistent with the presence of tropical subsurface ice 
throughout the Amazonian.

➢ Ice depth and thickness is likely highly spatially and temporally variable at tropical latitudes.

➢ Continue to analyze ~50 more selected SLE craters to tighten constraints, especially on 
spatial variability. 

Ice Temporal Evolution Ice Depth

● SLE crater density with time normalized to Neukum impact flux [8] 

● Subset of “high confidence” SLE crater model formation ages w/ 
little to no issues (30) are binned using two different techniques

● SLE craters likely form in the mid to late Amazonian

● Ice is preserved into the present day at tropical latitudes

● Expected density trends with time: flat if subsurface ice stable 
(blue line); negative-sloped if ice decreasing

● Data statistically consistent with constant presence of 
tropical subsurface ice throughout the Amazonian 

➔ though depth may vary locally... see right panel

fresh:
class 1+2+3

degraded:
class 4

Arbitrary Bins
0.25-0.75 Ga
0.75-1.25 Ga
1.25-1.75 Ga
1.75-2.25 Ga
2.25-2.75 Ga
2.75-3.25 Ga
>3.25 Ga

Epoch Bins
0-0.3 Ga
0.3-0.8 Ga
0.8-1.2 Ga
1.2-2.3 Ga
2.3-3.4 Ga
>3.4 Ga

P(χ2) < 0.01% of deviation from mean (blue line)

P(χ2) < 0.01% of deviation from mean (blue line)

Likely biased, 
so not

included 
in analysis

Likely biased, 
so not

included 
in analysis

Sizes & model formation ages of late 
& mid Amazonian SLE craters
Lat (ºN) Long (ºE) D (km) Age (Ga)

-7.803 86.01 8.85 0.3 -0.3/+0.8

-8.54 58.22 7.669 0.5 -0.5/+1.1

-28.35 271.95 8.943 0.6 -0.2/+1.0

-24.26 95.83 5.825 0.7 -0.5/+0.8

-1.6 350.1 10.011 0.8 -0.7/+1.4

-5.97 10.94 7.498 1.1 -0.6/+0.9

20.2 326.63 8.097 1.2 -0.8/+0.2

Locations of MLE (red), SLE (yellow), & 
radial-ejecta (blue) craters from [6]. Scene is 
30ºx30º and centered at 15ºS,15ºW.

● Young SLE craters w/ D 
<10 km indicate current, 
relatively shallow sub-
surface ice (~300-700 m; 
excavation depth (de = 
D/15 to D/20 [9]), at least 
locally.

Long-term sublimation mostly 
results in smooth increases of 
ice saturation w/ depth, but 
step-like increases (“ice 
table”) are possible. Modeled 
ice saturation at equator after 
3 Gyr of sublimation. 
Baseline: fixed obliquity, 
porosity, heat flow, tortuosity, 
and pore radius. Random: 
vary obliquity at 10-Myr 
intervals. Determ. 1: 
representative computed 
obliquity history (E. Kite, 
personal communication, 
2016). [see 13]

Data from [6]

● No minimum (“onset”) diameter for SLEs D>3 km, but modal SLE 
size shows weak increase with decreasing latitude (4 to 6 km)

➔ Early studies at lower resolution [e.g., 10] could not distinguish the 
mode from the minimum

● Smaller SLE craters have been identified, e.g., D=1.7 km crater near 
equator, implying shallower ice at some time (de~200 m) [11]


	Slide 1

