


Planetary
scientists study
the planets and
other “planetary
bodies”.
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You can categorize the
myriad ways to study
planetary bodies into three
modalities: direct analysis,
remote analysis, and
mathematical and
conceptual modeling.

Modes of Analysis

Electron
Microprobe

Direct
Analyses

Petrographic
microscope

Mathematical and
Conceptual Modeling

Thermal Models

Mars Rovers

Laser Induced
Breakdown
Spectroscopy

Neutron
Spectroscopy

Remote
Sensing

Mars Orbiters




Days before the Voyager
spacecrafts arrived at the
Jovian system, Stan Peale
and others predicted
widespread and recurrent
volcanism on o
mathematical models.
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Volatiles




Hermean




Hollows




Using temperature
and diffusion
calculations to test
the prevailing hollow
formation model.
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Mercury Is
almost all
CO re % Relative sizes

Silicated mantle

Metallic
gRle s \ 6378km
A4o km

Comparison between the structure of the Earth and that of
Mercury. Earth has a relatively small core and a huge mantle
overlained by a thin crust. Mercury has an extremely large core
(2000 km), a thin mantle (400 km), and a relatively thick crust (40
km). A layer of iron sulphide probably rims the metallic core.




Mercury has a 3:2
spin:orbit
resonance. It spins
3 times on Iits axis
for every 2 orbits.
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The effect of this orbit on the surface
temperature of Mercury is... weird.
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Hollows occur primarily in LRM,
a major color unit of Mercury.
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Hollows occur primarily in impact

craters and related material.
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Hollow Depth vs. Latitude d

Hollows are
deeper and
COver more
area at low
latitudes than
at high
latitudes.
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Hollow morphology
suggests formation
via sublimation.




(1) Volatiles are produced by B. Surface
eruptions on and within the
surface. If eruption is on the

pre-dawn | noon

Lava flow
dayside, volatiles sublimate to temoerature
the nightside where they are temperature ﬁFI)
deposited. / profile | profile \

Volcanic gases

Temperature at which
hollow formation rate is
equal to volatile loss
rate

Lava flows bury and
sequesters volatile-rich
layer beneath a lava “cap
rock”.

Lava flow

- " olatile I'ayé'r‘. S e

ori (3) Impact exhumes volatile-rich layer.
nmary crust Hollows form as volatiles sublimate from
floor, walls, peak, and ejecta. Hollow

formation ceases when an insulating lag
deposit shields the volatile layer.

Depth at which volatile loss |
rate is less than hollow
formation rate. Volatiles |
considered “stable” at and
below this depth.
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Prevalling hollow formation model

iInvolves excavation, sublimation, and
sequestration of a volatile-rich layer.
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| calculated the sublimation rate of
5/candidate hollow-forming volatile
phases to narrow the list of plausible

phases.



Two constraints for
volatile phase: 1)
must be volatile
enough to sublimate
at high latitudinal

extent of hollow
formation, 2) must
be refractory enough
to be sequestered
under a lag deposit
at the equator.
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Model-predicted latitude range of hollow formation
Only elemental .
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Volatile Species




These volatiles
would have to
occur in relatively
pure layers.
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Lag Thicknesses at the Cold Limit
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Volatile Species
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Could stearic acid exist on

Mercury in enoug
to account for hol

N volume

OWS?

No.



Could fullerenes exist In
enough abundance to
account for hollows?

Fullerene Facts:

. Named after Buckminster Fuller, the creator
of the geodesic dome.

2. Condense spontaneously from carbon
vapors.

3. Are found in the interstellar medium, and in
association with lightning strikes and impact
craters on Earth.




Could space weathering
of Mercury’s primary
graphite crust have
produced fullerenes?

Hollow volume expressed as
a global layer:

o 1.87 to 3.61 cm-thick

Estimate for fullerene
production on Mercury:

> 0.6 to 48 um-thick.




Could extensive
volcanism on Mercury
have produced enough
Sulfur?

An estimate of sulfur
produced during volcanism
expressed as a global layer:

o 7.5 to 550 m-thick

Even if <1% of this volcanic
sulfur was elemental S, it
would be sufficient to
account for hollows.




Does the prevailing
hollow formation
model work with
elemental S as the
volatile?

Requirements:
o Concentration

o Burial/sequestration

o Exhumation by impacts

(1) Volatiles are produced by
eruptions on and within the
surface. If eruption is on the
dayside, volatiles sublimate to
the nightside where they are

B. Surface

deposited.

Lava flows bury and
sequesters volatile-rich
layer beneath a lava “cap
rock”

Lava flow

10 Nolatilé layer . T
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Volcanic gases

Impact exhumes volatile-rich layer.
Hollows form as volatiles sublimate from
floor, walls, peak, and ejecta. Hollow
formation ceases when an insulating lag
deposit shields the volatile layer.
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Temperature at which
hollow formation rate is
equal to volatile loss

rate —> |

Depth at which volatile loss |
rate is less than hollow
formation rate. Volatiles |
considered “stable” at and
below this depth.
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Dayside  Nightside

Concentration could
occur through global
volatile transport.

Especially if Mercury’s
ancestral orbital resonance
was 2:1.

Sublimation rate on dayside:
o 4 m/yrto 120 m/yr

On nightside:
o Basically 0 m/yr




Burial
could
OCCUr via
volcanism.
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Does the prevailing Day5|dem ightside

hollow formation
model work with
elemental S as the
volatile?

Requirements:
Sulfur-bearing ct,

o Concentration

o Burial/sequestration




Could Sulfur survive the
Impact exnumation
process”? Do the
distributions of hollows
match what would be
expected If iImpacts
exhumed the material”?




| propose a different
model for hollow
formation in impact-
iInduced
hermeothermal
systems.

Contextual Overview
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Sulfide decomposition at the temperatures achieved in the vicinity of an

Impact proceeds at a sufficient rate to generate hollows.

Sulfide sublimation rates vs. temperature
T T T T T T

10™

Stage 1

r K2S
Sulfur gas flow _ Na2$
MgS
— CaS

1m Day'1

—_

o
—
o

1myr!

Sulfide thermal
decomposition reaction.

-1

. 1m Ka
Volume lost is
accommodated at the

SRRy 2 surfaceasahollow : 1m Ma” /
TN AT u e-lc ae"a SEURPEEEY | 600 700 800 900 1000 1100 1200 1300 1400 1500
il Temperature (K)

Sublimation rate (m Ga'1)
=)
()]




The surface of Mercury

IS very cold at night, S T Y R

allowing for deposition SN et e e e [ Sulfur

of sulfur and sulfur el T e bt e -acckiulation on
: L. Sl IS Te D e 010 e surface and within

gases in the vicinity of e ST b se T Tl D neat-surface pore

fumarole vents at night. Tl e T space surrounding

vent at night

use gas transport and
ineralization reactions




During the day, the
volatiles on the surface
and Iin the near-surface
surrounding vents
would sublimate.

Stage 3 \

Hr

Daytime subllmatlon
steepens walls and
flattens floors -




Reprecipitation of
sulfides (and, likely,
other minerals) and
cooling of the impact
site would preclude
further transport of
volatiles.

Stage 4 pineralization along hollow floor
and rims inhibits volatile flow to the
surface. Volatile production in the
subsurface ceases as temperatures
decrease.




If hollows form in
hermeothermal systems,
perhaps studying them
presents an opportunity for
comparative planetology
with Earth, Mars, and Ceres.




