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Hypotheses

* Volatiles may experience subsurface temperatures that
could sublimate ice from the base of cold traps

» Temperature conditions may exist to redeposit and
concentrate volatiles in predictable parts of subsurface cold

traps

* There may be a positive feedback mechanism in which
iIncreased ice content at the base of volatile stability
iImproves the thermal conductivity and thickens volatile
stability zones
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Background — Cold Traps

* The water ice stability zone exists where:
* regolith surface temperatures are below ~110 K
» subsurface temperatures are below ~145 K
* these conditions occur in some polar regions on the Moon

* They are often found in Permanently Shadowed Regions
(PSRs) that may host cold traps

* The threshold for defining a cold trap is a sublimation rate
of 1 kg m? Ga™*

(Schorghofer and Aharonson, 2014; Siegler et al., 2011; Zhang and Paige, 2009)
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lllumination and Temperature of a PSR

o Legend Legend
- EQ:EI Study Locations Case Study Locations
abel
Label
% % ; Heliostat Heliostat
Mine Site .
J Mine Site
11675/m3Slope|6ldeq: ' Oxygen Production Plant . Oxygen Production Plant
JAVGSUN(6 7% JAVGE artht28%iMax Ty /' b ® Potential Landing Zone ® Potential Landing Zone
@ Fotential Landing Zone-Prime . Potential Landing Zone-Prime

| Landing Pad Ring 1 km
== Contour Summer Max 110K
~—— DEM Grid 10m Index Contour 100 m
—— DEM Grid 10m Contour 20 m

JAVgSunlS 4% ngarthaxT [___]Landing Pad Ring 1 km

= DEM Grid 10m Index Contour 100 m
—— DEM Grid 10m Contour 20 m
-y Y

4 [1563Im3SIope6ldeq: [71PsRs

= g JAVG SUNI56% JAVGE arth 47/ Max 1§24 3K Sun Average Visibility [ PsRs
Pen “;‘ " DEM Slope 10m
= I o- Degrees
i[ﬁ%r@mjxafm ) . 10-20 -g High : 80
JAVG Sun[5 4% JAVGE Arth56 %] Max Ig232K I 20- 30 .
Im3Slope] deg: I 30- 40 Low: 0
ﬁmﬂfw Earth]52%]Max Ty
Y [ 40- 50 Temperature Summer Max Grid 240m
S :l 50- 60 Degrees K
5 [1637/m{S|opel6ldeq L502Im3Slopel6ldeq: \l [Jeo-70 ~ 1637.m 518 A [ ‘ ¥ A ‘ §|  wr High:: 439
A 120% JAVGE arth, NMax g1 98K [33% JAVGE artht20%IMax Tg2 30K4 [J70-80 <4AvgSUN 20:% AN MY f ' 21 3 oo — y
S 3198 (( ¢ ™ Low : 44
: ] [ Jeo-%0 * \ LRV (S S|ope {4 N
&) § £ ol A\ Y \ JAVG SUN 0% JMax 14 04K / ) <
11651 m {Slopef0/deq: Location Map Legend 11653 m: Slope,Q deg ) \ \ | : Location Map Legend
lAVgSunl60% JAVGE arth55 %] Max1g233K9 —— DEM Contour 200 m Angun 60:%: MaxT 233K UL - ) yua A 2 —— DEM Contour 200 m
% B DEM Grid 10m \ '\ =8 J ~— DEM Grid 10m
8 m_. High : 2000 m_' High : 2000
TN ISIOpE 6deg . Low: 1000 L B Low: 1000
Angarlh MaxTg260K: e Spe Gy N 1252 m: Slope 6/deg: t
Anganh P21, Max TR1i7:3KS AVgSUN20 %7 MaxT 173K - = :
: AN - = .
0 ° . P,
/ — 1200
§1238]mSlopel0fdeq: _1238] jm: Slope 0;deg: ~ o -— ‘?A_

JAVGSUNt28% JAVGEarth MaxTg22 0K . +Angun 28 % MaxT:220K"

7.000 6,000 5,000 4,000 3,000 2,000

COLORADOSCHOOLOFMINES MINES.EDU

EARTH ENERGY ENVIRONMENT




Background — Obliquity and TPW

« About 31 Ga the Moon was at half its *—\ * Figure 7. (Ward, 1975) |
current semimajor axis , \

» The Moon may have experienced a i e S —
Cassini State 1 to 2 transition and CIL* /' L : .l - ]
experienced obliquity as high as 77 |
degrees and extended periods at 25-50 e . | |
degrees o semmason axis arme «

« The Moon may have experienced true I v T i |
polar wander (TPW) with evidence fora =" i e
paleopole at about 3.5 Ga ;% T A .;L_;gfm '

* During TPW the planet/moon realigns the ¢ b ; :: :,5
rotation axis to the maximum principal axis 2 LiEE
of inertia when there is a change in LE
internal mass distribution T B

Temperature (K)

(Siegler et al., 2016; 2011, Ward 1975)
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* Hydrogen in upper
meter from epithermal
neutron data (a. b.) |

» Calculated current and
paleo pole depth to ice, o " S
stability (c. d.) ~ PRI Sy

 Combined current and ..
paleo pole ice depths
match the hydrogen
content well (e. f.)

0 20 40 60 80 100 0.5 1.0 15 2.0 1.00 125 150 175 200 225
H {p.p.m.) Present-day ice stability depth (m) Admixture of present-day and palaco
ice stability depth (m)

R, (Siegler et al., 2016)
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Background - Topographic Diffusion
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(Fassett et al., 2018; Fassett and Thomson, 2014; Soderblom, 1970)
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Methods-Model Properties

X

* Thermal conductivity (k) DY

Surficial Regolith

*lce@ 1M0K = 55W m1 K1 ~20m
* Regolith = 0.023 W mT K- Ml e
« Upper Megaregolith= 0.2 W m-1 K-
- Lower Megaregolith= 1.0t0 2.0 W m K1 "
° Density <« Lowe:zl\gekgr:]regolith
*lce @ 1M0K = 932 kg m3
* Regolith = 1100-1800 kgm=3 | /N
« Upper Megaregolith= 1960-2600 kg m-3 PR TR ——

« Lower Megaregolith= 2600-2900 kg m-3

(Richardson and Abramov, 2020)

(Keihm and Langseth, 1975; Warren and Rasmussen, 1987; Carnahan et al., 2021)
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Initial Synthetic Crater
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Filled Synthetic Crater
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Filled Synthetic Crater
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Filled Synthetic Crater with ice

01 14 { T + ,"-;.‘\ . A \""" L f—q Original water ice
| l { /, v A 'h, 110 K \«‘r A8 stability zone
A " \ o y .
—250 {4 { 4 g"'I l!"ﬂ_"" ‘_"_ W= RN = e g Waterice
// / / Kk \ X == stability zone
=300 / f } X t | Int. Crater =-181m
Filled Crater =-70 m
~7507 Fill Max Thick =117 m
L | Ice Rich Layer = 20 m
—10004 ° 9@ = ———
250 (1)
—1250 - | - ESy )
«( Input physical model | | t | l\(iesh of synthetic crater
o] RO
- 1500 1000 500 %/ 500 1000
~1750 1
(m) ~1500 1000 500 0 500 1000 1500
| |
100 145 190 235 280 325

Temperature (K)

(Rucker et al., 2017)
COLORADOSCHOOLOFMINES MINES.EDU

EARTH ENERGY ENVIRONMENT




Crater - VIPER Mission Area
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(Fassett et al. 2022)
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Crater VIPER Mission Area
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Lunar volatile system timeline — VIPER area example

e normalized impact production

lmpaCt FlUX and function (Neukum et al., 2001)
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Conclusion

* The results appear to support potential for
remobilization and concentration of water ice near
the base of volatile stability

 Future work will develop and improve:

* Physical crater fill thickness estimates from diffusion
and ejecta fill

* \/olatile concentration scenarios
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