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Interpreting Craters in Terms of the
Day Four Cratering Hypothesis
Danny Faulkner, Answers in Genesis, P.O. Box 510, Hebron, Kentucky 41048.

Abstract

I summarize previous discussion of understanding craters within the recent creation paradigm. I
further develop an earlier suggestion of mine, that most solar system craters date from the formation of
astronomical bodies on the fourth day of the Creation Week. This proposal is consistent with the “very
good” of Genesis 1:31 and the rest of the Creation account. Calling this proposal the Day Four cratering
hypothesis, I interpret the overall appearance of the surface of solar system bodies.

Keywords: craters, cryovolcanism, terrestrial planets, planetary satellites
Introduction
In recent years there has been increasing
discussion of craters within the creation paradigm.
7KHPRRQEHFDPHWKHÀUVWNQRZQFUDWHUHGVXUIDFH
when Galileo examined it with a telescope four
centuries ago. The next cratered surface discovered
ZDV0DUVZKHQ0DULQHUÁHZE\WKHSODQHWLQ
and returned photographs of about 1% of the Martian
surface. Those photographs showed a heavily cratered
world similar to the moon, which immediately
revolutionized the way that astronomers considered
Mars. Subsequent missions to Mars revealed that,
while the Martian surface has regions of great crater
density, other regions are far less cratered. Thus,
Mars is a complicated world with much geology. The
lesson from Mars is that we ought not to reach hasty
conclusions based upon only partial reconnaissance
RI D ERG\·V VXUIDFH /DWHU RQ PLVVLRQV WR WKH RWKHU
two terrestrial planets, Mercury and Venus, revealed
that they too had craters on their surfaces. The two
small satellites of Mars also have many craters on
WKHLUVXUIDFHV7KH-RYLDQSODQHWVGRQRWKDYHVROLG
surfaces,1 so they cannot have craters, but missions to
the outer planets showed that most of their satellites
have craters on their surfaces, and some are heavily
cratered. We also have photographs of the surfaces
of several asteroids, and they have many craters as
well. In short, craters appear to be common features
on nearly all solid-surface bodies in the solar system.
The two exceptions are Io, the innermost of the
IRXU *DOLOHDQ VDWHOOLWHV RI -XSLWHU DQG WKH HDUWK2
Technically, the earth has a few craters, such as
Arizona Meteor Crater, and there are numerous
astroblemes, or fossil craters, evident on the earth
(Spencer 1998, 1999). However, the extant craters
RQ WKH HDUWK·V VXUIDFH DUH YHU\ PRGHVW LQ VL]H DQG
1
2

astroblemes are not obvious surface features. If we
NQHZ WKH HDUWK·V VXUIDFH DV ZHOO DV ZH NQRZ WKH
surfaces of other bodies in the solar system, we would
conclude that the earth had no craters.
For a long time astronomers and planetary
scientists debated the origin of craters. The two
primary theories were impact and volcanic. The
volcanic theory was the dominant theory of lunar
craters during the nineteenth century and well into
WKH WZHQWLHWK FHQWXU\ 7RGD\ ZH WKLQN WKDW PRVW
craters in the solar system resulted from impacts,
but a few of the smaller craters probably are volcanic.
What are the meteoroids responsible for all these
FUDWHUV" *HQHUDOO\ ZH WKLQN WKDW WKH\ ZHUH HLWKHU
asteroids or comets.
For at least 40 years planetary scientists have
interpreted crater density in terms of age. That is,
if a portion of a surface is older, then it will have a
higher density of craters of a given size than a portion
of a surface that is younger. A younger surface would
KDYH EHHQ JHRORJLFDOO\ UHZRUNHG WKXV ZLSLQJ WKH
surface clean of craters, and hence any craters visible
WRGD\PXVWKDYHRFFXUUHGDIWHUWKHUHZRUNLQJ6LQFH
D VXUIDFH WKDW KDV QRW EHHQ UHZRUNHG ZLOO FRQWDLQ
craters that formed earlier but also later, it ought
to have higher crater density than a surface that
KDV EHHQ UHZRUNHG *HRORJLFDO DFWLYLW\ SULPDULO\ LV
volcanic, but it also includes erosion from weather,
thermal stress, slumping, and additional small
impacts. There is a word of caution. Secular planetary
scientists tend to assume the same time-varying
cratering rate throughout the solar system. However,
one could envision scenarios in which the cratering
rate depends not only upon time but also depends
upon location. That is, at a given time the cratering
UDWH IRU WKH HDUWK·V PRRQ PD\ KDYH EHHQ GLIIHUHQW
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from other terrestrial planets, or the cratering rate for
the terrestrial planets may have differed from that of
WKHVDWHOOLWHVRIWKH-RYLDQSODQHWV$GGLWLRQDOO\WKH
cratering rate may have not have been isotropic but
instead have depended upon direction. Many Floodrelated models propose this.
This interpretation of age differences plays out
QLFHO\RQWKHPRRQ·VVXUIDFHZKLFKLVGLYLGHGEHWZHHQ
two types of surfaces, the maria and the highlands
VHHÀJ 7KHZRUG´PDULDµLVSOXUDOIRUWKH/DWLQ
ZRUG ´PDUHµ PHDQLQJ VHD $VWURQRPHUV  \HDUV
ago named the maria, because they thought that
the maria were bodies of water. The highlands lie at
higher elevation than the maria (hence the name),
but there are other differences. The highlands have
KLJKHU DOEHGR UHÁHFWLYLW\  ZKLFK LV DWWULEXWHG WR
composition differences (granitic for the highlands
and basaltic for the maria). Basalt is denser than
granite, so hydrostatic equilibrium causes the maria
WRÁRDWPRUHGHHSO\RQWKHPDQWOHWKDQWKHKLJKODQGV
explaining the altitude difference between the two
types of lunar surface. The highlands are very rugged
with a very high crater density. Astronomers say
that the highlands are saturated with craters—on
average any new crater that forms must obliterate
one existing crater. However, the maria clearly are
not saturated, for there is plenty of room between
existing craters for new craters to form.

Fig 1. The near side of the moon showing the lunar
maria and highlands. Photograph: NASA.

Astronomers attribute this difference between
the highlands and maria to age. The maria were
RYHUÁRZHG E\ YROFDQLF PDWHULDO ÀOOLQJ H[LVWLQJ
craters and providing a relatively smooth surface
XSRQZKLFKQHZFUDWHUVFRXOGIRUP/XQDUPDULDDUH
circular, or they appear to be overlapping circles. This
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and other considerations suggest that the volcanic
RYHUÁRZ RQ WKH PRRQ ZDV QRW UDQGRP EXW UDWKHU
it selectively occurred at the locations of very large
craters that astronomers call impact basins. While
some of the molten material could have been produced
locally by heat released by the impacts (French 1998),
much of the molten material probably came up from
GHHSLQVLGHWKHPRRQ3ODQHWDU\VFLHQWLVWVWKLQNWKDW
the deep fracturing caused by the very large impacts
that formed the basins acted as conduits for molten
PDWHULDOGHHSLQVLGHWKHPRRQWRÁRZWRWKHVXUIDFH
Because the impact basins are very deep depressions,
PRVWRIWKHPROWHQPDWHULDOÀOOHGWKHGHSUHVVLRQVRI
the impact basins, but in some cases molten material
spilled out onto surrounding terrain.
Planetary scientists long ago developed a theory of
the history of the moon to explain lunar features, in
FRQMXQFWLRQZLWKDQHYROXWLRQDU\WKHRU\RIKRZWKH
solar system formed. The standard theory of solar
system origin is that it formed from the collapse of
a gas cloud containing a small amount of dust. Most
RIWKHPDWHULDOIHOOWRWKHFHQWHUWRIRUPWKHVXQWKH
UHPDLQLQJPDWHULDOÁDWWHQHGLQWRDVZLUOLQJRUELWLQJ
GLVN7KURXJKVRPHXQNQRZQSURFHVVPDWWHUZLWKLQ
WKH GLVN EHJDQ WR FRDOHVFH LQWR ODUJHU SDUWLFOHV
These planetesimals eventually grew in size until
some of them were large enough that their gravity
attracted most of the planetesimals near their orbits
WR IRUP LQWR SODQHWV 5HPDLQLQJ PDWHULDO IRUPHG
into satellites (moons) of the planets, minor planets
(asteroids), and comets. Once the terrestrial planets,
satellites, and minor planets had formed and
cooled so that they had solid surfaces, their gravity
continued to assist them in accumulating remaining
SODQHWHVLPDOV 7KLV DFFXPXODWLRQ WRRN WKH IRUP RI
impacts that heavily cratered the now surfaces of
planets, satellites, and minor planets. Astronomers
call this episode the Early Heavy Bombardment
(EHB) that continued until about 4.1 billion years
ago. Between 4.1 and 3.8 billion years ago was the
/DWH +HDY\ %RPEDUGPHQW /+%  ZKHQ YHU\ ODUJH
DQGLQWHQVHFUDWHULQJRFFXUUHG$IWHUWKH/+%WKH
cratering rate greatly reduced to nearly the slow
rate that we have today. The distinction between the
(+%DQG/+%ZDVUHTXLUHGEHFDXVHRIWKHIDFWWKDW
many large impact basins appear to have formed on
the moon very late. This paradigm of interpreting
craters on the moon has been imposed upon the rest
of the solar system.
There are some problems for this evolutionary
paradigm. First, as Oard (2009) has pointed out, the
EHB has been inferred from the evolutionary theory
of the origin of the solar system. If the planets formed
in the way generally thought, then of necessity there
was much cleaning up of the leftover planetesimals,
and this process would have left impacts on the solid
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surfaces of the solar system. A creationary approach
might allow for a single episode of bombardment as
opposed to two distinct ones. Second, the source of
WKHODUJHQXPEHUDQGVL]HRIPHWHRURLGVRIWKH/+%
LVXQNQRZQ$JDLQDFUHDWLRQDU\LQWHUSUHWDWLRQPD\
allow for the source of these meteoroids.
Given these considerations and the prevalence
of craters in the solar system, it behooves recent
creationists to explain these craters. This need has
prompted several creation researchers, which has
VSDUNHG WKH LQWHUHVW LQ FUDWHUV LQ UHFHQW \HDUV LQ
the creation community. Two distinct camps have
developed, though we agree on certain things. For
LQVWDQFHZHDJUHHWKDWLPSDFWVOLNHO\FDXVHGPRVW
craters. We also agree that logically there are several
events or times that one could put some or all cratercausing impacts. Those are:
1. 7KH&UHDWLRQ:HHNEXWPRVWQRWDEO\'D\)RXU
2. The Fall
3. The Flood
4. Some postFlood event(s).
:KLOHUHFRJQL]LQJWKHOLNHOLKRRGRILPSDFWVDWDQ\
or all of these times, the two camps have primarily
concentrated on only one of these four possibilities as
UHVSRQVLEOH IRU WKH YDVW PDMRULW\ RI FUDWHUV %URZQ
 2DUG  DQG6SHQFHU 
1998, 2008, 2013) have developed the belief that
most impacts were associated with the Flood, either
as an initiation of the Flood and/or accompanying
WKH)ORRG2QWKHRWKHUKDQG)DXONQHU  
and Samec (2008a, 2008b) have proposed that,
VLPLODU WR WKH (+% DQG /+% PRVW FUDWHUV GDWH
IURPWKHRULJLQRIDVWURQRPLFDOERGLHVRQ'D\)RXU
ZKLOHDVLJQLÀFDQWEXWOHVVLQWHQVHFUDWHULQJHYHQW
accompanied the Flood. Both camps believe that
impacts since the Flood have been much rarer.
The Day Four Cratering Hypothesis
God made all astronomical bodies, including the
PRRQ WKH SODQHWV DQG VDWHOOLWHV RQ 'D\ )RXU $V
,·YHDUJXHGLQDQHDUOLHUSDSHU )DXONQHU WKH
DVWURQRPLFDO ERGLHV OLNHO\ ZHUH IDVKLRQHG RQ 'D\
Four rather than created instantly and ex nihilo on
that day. This conclusion stems from the consistent
use of the Hebrew word asah LQ WKH 'D\ )RXU
account (Genesis 1:14–19) rather than bara. While
these two words may be interchangeable in some
contexts, one ought not to assume that they are freely
interchangeable in all contexts. And, contrary to
common misconception, bara does not always mean
ex nihilo creation. For instance, man was both made
(asah, Genesis 1:26) and created (bara, Genesis 1:27).
Furthermore, Genesis 2:7 reveals that God formed
man from dust of the ground, which clearly indicates
that man was not created ex nihilo. The forming
of man from dust suggests a process, which, while
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brief, does not demand that it was instantaneous.
In similar manner, the assembly of astronomical
ERGLHV RQ 'D\ )RXU PD\ KDYH EHHQ UDSLG EXW QRW
LQVWDQWDQHRXV 7KH 'D\ )RXU FUDWHULQJ K\SRWKHVLV
proposes that many craters bear testament to at
least the last stages of that assembly.
Some recent creationists may respond that
this is the same as the evolutionary history of the
solar system (for instance, see Henry 2003, 2010).
However, there are several differences. First, this
SURFHVV ZRXOG KDYH EHHQ YHU\ UDSLG WDNLQJ D GD\
or less to accomplish rather than millions of years.
Second, this would have been an event directed by
God rather than a random process. Third, being
GXULQJ &UHDWLRQ :HHN HOHPHQWV RI PLUDFXORXV
rather than purely physical processes that we see
RSHUDWLQJ WRGD\ OLNHO\ ZHUH DW ZRUN )RU LQVWDQFH
RQ'D\7KUHHSODQWVVSURXWHGDQGUDSLGO\UHDFKHG
PDWXULW\ 2Q 'D\ )LYH OLYLQJ WKLQJV ÀOOHG WKH VHDV
DQGVN\/LNHZLVHRQ'D\6L[ODQGDQLPDOVDSSHDUHG
in abundance, and God made man from the earth.
Fourth, because the earth was already made and
the land was occupied by plants, the earth did not
VKDUHLQWKLVHSLVRGH5HPHPEHUWKDW,SURSRVHWKDW
PRVWFUDWHUVFDPHIURPDVVHPEO\RQ'D\)RXU6LQFH
WKH HDUWK ZDV DOUHDG\ FUHDWHG RQ 'D\ 2QH LW GLG
QRW JR WKURXJK DVVHPEO\ RQ 'D\ )RXU 7KH PRRQ·V
FUHDWLRQRQ'D\)RXUZDVDGLUHFWHGDFWRI*RGVR
the earth was in no danger of bombardment during
WKH&UHDWLRQ:HHN7KLVLVLPSRUWDQWEHFDXVHLIP\
hypothesis is correct, then the earth did not share in
the vast bombardment that every other body in the
solar system did, an event that most astronomers
refer to as the EHB. In the evolutionary theory, the
earth once was as cratered as other bodies, but those
FUDWHUVZHUHUHPRYHGWKURXJKJHRORJLFDOUHZRUNLQJ
,Q WKH 'D\ )RXU FUDWHULQJ K\SRWKHVLV QHLWKHU RI
WKRVHSURFHVVHVWRRNSODFH$ÀIWKGLIIHUHQFHLVWKDW
LQ WKH 'D\ )RXU FUDWHULQJ K\SRWKHVLV ZKDW PRVW
DVWURQRPHUVFDOOWKH/+%DIIHFWHGPRVWO\WKHHDUWK
and moon, not the entire solar system.
7KHPDMRUREMHFWLRQWKDWPDQ\UHFHQWFUHDWLRQLVWV
PD\ KDYH WR WKH 'D\ )RXU FUDWHULQJ SURSRVDO LV
that this introduces craters prior to the Fall. This
comes from a belief that the existence of craters at
WKH FRPSOHWLRQ RI WKH &UHDWLRQ :HHN ZRXOG YLRODWH
WKH ´YHU\ JRRGµ GHVFULSWLRQ RI *HQHVLV  0DQ\
FUHDWLRQLVWV EHOLHYH WKDW ´YHU\ JRRGµ HTXDWHV ZLWK
perfection, going so far as to suggest that the second
law of thermodynamics was not in effect until the
)DOO5HFHQWO\$QGHUVRQ  DQG)DXONQHU  
KDYHFKDOOHQJHGWKLVYLHZ,ZLOOEULHÁ\GLVFXVVVRPH
of their conclusions here.
7KH +HEUHZ ZRUG IRU ´JRRGµ DQG ´YHU\µ DUH ZHOO
translated into English. The good mentioned here
has three possible meanings, referring to moral
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goodness, completion, or purpose, and all three
meanings probably apply here. Sin, along with its
consequences, had not yet entered into the world,
so there was moral goodness in the world. However,
*RGUHVWHG RUFHDVHGFUHDWLQJ RQ'D\6HYHQVRWKH
creation was completed. Since God was pleased with
what He had made, the world was very good in terms
RIFRPSOHWHQHVVZLWKUHJDUGVWR*RG·VLQWHQWLRQV$QG
WKHFUHDWLRQÀOOHG*RG·VLQWHQGHGSXUSRVH0RUHRYHU
six times prior Genesis 1:31 God pronounced what He
KDVPDGHDV´JRRGµ,QHDFKFDVH OLJKWGLYLVLRQRIODQG
DQG VHD SODQWV DVWURQRPLFDO ERGLHV ÀVK DQG IRZO
ODQGDQLPDOV *RGKDGÀQLVKHGHDFKSDUWLFXODUW\SHV
of things that He had made, so they were complete.
+RZ GRHV RQH H[WUDSRODWH ´YHU\ JRRGµ LQWR
perfection? Since sin was not in the world, the creation
(including Adam and Eve) was perfect in the moral
sense. And since God had made the world to serve His
purpose, the creation was perfect in that sense. But
was it perfect in some physical sense? Perhaps some
creationists impose a standard of physical perfection
onto the world that is not demanded by Scripture.
The problem is that we frequently equivocate in
VXFKPDWWHUV:HXVHWKHWHUPV´IDXOWµDQG´GHIHFWµ
to refer to moral imperfection. Unfortunately, we
use the same words to describe what we perceive
as deviations of some physical ideal. For instance,
a crystal is an orderly array of atoms or molecules
in the solid state. The pattern of a crystal is very
simple—one can identify the locations and types of
particles anywhere within the crystal based upon
that pattern. However, all crystals contain defects,
or deviations from the pattern. Therefore, there is no
SHUIHFWFU\VWDO:LWKWKHEHOLHIWKDWWKH´YHU\JRRGµ
of Genesis 1:31 is equated with physical perfection,
Williams (1966) speculated that in the original
Creation prior to the Fall that all crystals were
´SHUIHFWµ:HNQRZWKDWWKHUHZHUHFU\VWDOVSUHVHQW
from the beginning. For instance, onyx, which has a
crystal structure, is mentioned in Genesis 2:12. This
verse also mentions bdellium, which may refer to the
resin of a tree, though it may refer to a precious stone,
ZKLFKZRXOGPDNHLWDFU\VWDOWRR)RUWKDWPDWWHU
this verse also mentions gold, which, being a metal,
KDVDFU\VWDOOLQHVWUXFWXUH(YHQPRUHVLJQLÀFDQWO\
the original earth contained a tremendous amount of
URFNDQGURFNVKDYHFU\VWDOOLQHVWUXFWXUH'RHVWKH
´YHU\JRRGµGHVFULSWLRQRIWKHRULJLQDOFUHDWLRQLPSO\
WKDWQRQHRIWKHVHURFNFU\VWDOVFRQWDLQHGDQ\GHIHFWV"
If there were a few microscopic crystal defects, would
WKLVEHDSUREOHPIRUD´YHU\JRRGµFUHDWLRQ",KDUGO\
WKLQN VR 7KHUH ZRXOG EH QR PRUDO FRPSURPLVH
7KH FUHDWLRQ DV VXFK FRXOG IXOÀOO LWV SXUSRVH MXVW
DVHDVLO\DVLWZRXOGLIDOOFU\VWDOVZHUH´SHUIHFWµRU
not. The world, even with a few microscopic crystal
´LPSHUIHFWLRQVµZRXOGEHFRPSOHWH
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Or consider the river described in Genesis 2:10–16.
That river was most unusual, for it split into four
rivers. All rivers have channels, and the original
channels of these rivers may have been excavated
E\ *RG %XW LW LVQ·W QHFHVVDULO\ WUXH WKDW *RG
specially made these channels, and river channels
DUHPDLQWDLQHGE\HURVLRQ0DQ\SHRSOHZKRWKLQN
WKDWWKH´YHU\JRRGµRIWKHRULJLQDOFUHDWLRQLVWREH
HTXDWHG ZLWK SHUIHFWLRQ DOVR WKLQN WKDW WKH VHFRQG
ODZRIWKHWKHUPRG\QDPLFVZDVLQYRNHGDWWKH)DOO
and that entropy is equated with decay of any and
all types. That is, any decay is incompatible with
perfection. Erosion as in a river channel would
appear to be decay and hence would violate this
concept of perfection. Insisting that entropy began at
the Fall leads to further problems, such as digestion
RIIRRGDQGVHHLQJWKHVXQ'LJHVWLRQLVDQH[FHOOHQW
example of the second law of thermodynamics, and
ZHNQRZIURP*HQHVLV²WKDW$GDP(YHDQG
animals ate before the Fall. In its most basic form, the
second law of thermodynamics governs the direction
RI WKH ÁRZ RI WKHUPDO HQHUJ\ ZKLFK LQVXUHV WKDW
KHDW HQHUJ\ ÁRZV IURP KRWWHU WR FRROHU 7KH VXQ·V
photosphere is far hotter than the earth, so radiation
ÁRZVIURPWKHVXQWRWKHHDUWK +LOO 7KHVHDQG
many other considerations strongly imply that the
FRQFHSWRIHTXDWLQJWKH´YHU\JRRGµRIFUHDWLRQZLWK
an arbitrary ideal of perfection is incorrect and goes
far beyond what is required by the biblical text.
Ultimately, the proponents of the notion that the
RULJLQDO FUHDWLRQ ZDV ´SHUIHFWµ EHFRPH WKH DUELWHUV
RI SHUIHFWLRQ 7KH\ RSLQH WKDW FUDWHUV GR QRW ÀW
into their concept of the originally perfect world, so
craters must not have existed then. But why must
this be the case? Such a conclusion is not taught in
Scripture, so this belief is several steps removed by
ZKDWLVGHPDQGHGE\WKH%LEOH6RPHPD\REMHFWWKDW
FUDWHUVEHDUWHVWDPHQWWRMXGJPHQWDQGKHQFHZRXOG
YLRODWHWKHVSLULWRI´YHU\JRRGµ%XWLQWKLVSURSRVDO
RI'D\)RXUFUDWHUIRUPDWLRQWKHUHZDVQRMXGJPHQW
but rather the craters were the record of the latest
steps in assembly. Because other bodies in the solar
V\VWHPODFNOLYLQJWKLQJVDFUDWHURQWKHLUVXUIDFHV
presented no danger to organisms. The purpose
and means of the assembly of the planets had no
FRPSRQHQWRIMXGJPHQW7KDWLVLPSDFWVDUHQHXWUDO
but they could be viewed as either destructive or
constructive, depending upon the location, timing,
and aftermath.
7KH HDUWK·V RULJLQDO VXUIDFH KDG IHDWXUHV WKDW
resulted from its fashioning, with the processes on
'D\ 7KUHH OLNHO\ EHLQJ GRPLQDQW +RZHYHU VLQFH
God specially prepared the earth for life and man,
its original surface probably was very different from
the surfaces of other bodies, even as it is today. What
appearance did the surfaces of the moon, planets, their

Interpreting Craters in Terms of the Day Four Cratering Hypothesis

satellites, and asteroids have after their completion,
VD\RQ'D\)LYHRUDWWKHHQGRIWKH&UHDWLRQ:HHN"
/HW XV H[SORUH WKH SRVVLELOLWLHV RI WKH YLHZSRLQW
RI HTXDWLQJ ´YHU\ JRRGµ ZLWK H[WUHPH SHUIHFWLRQ
This viewpoint immediately eliminates craters, as
previously discussed. We probably can eliminate all
volcanic features, for volcanism normally is equated
ZLWKLPSHUIHFWLRQDQGRUMXGJPHQW7KHJDWKHULQJRI
waters and the appearance of dry land in Genesis 1:9
SUREDEO\ LQYROYHG YHUWLFDO PRWLRQ RI URFN RQ WKH
earth. There is no biblical indication that other bodies
underwent such a process. Furthermore, since liquid
water, while abundant on earth, is a rare commodity
elsewhere, there would have been no need for vertical
PRWLRQRIURFNWRVHSDUDWHZDWHUDQGGU\ODQGDVRQ
earth. This is further underscored by the fact that
the purpose of this separation, to prepare the earth
for life, was not required on other bodies. These
considerations would seem to eliminate all manner
of vertical relief on other bodies. Once vertical relief
is removed as a possibility, we are left with the
conclusion that astronomical bodies were perfectly
spherical.
Exactly spherical bodies may appeal to some
FUHDWLRQLVWV·FRQFHSWRIDSHUIHFWLQLWLDOFUHDWLRQEXW
this is hardly required by Scripture. Furthermore,
the idea of perfectly spherical astronomical bodies is
not a novel concept. Aristotle thought that the sun
DQG PRRQ ZHUH SHUIHFW VSKHUHV 7KURXJK WKH ZRUN
RI 7KRPDV $TXLQDV WKH 5RPDQ &DWKROLF &KXUFK
adopted this belief, which in turn caused problems
for Galileo with his telescopic observations. When
Galileo saw spots on the sun, his critics countered
that that was impossible since the sun was perfect
and could not have blemishes. When Galileo saw
the rugged surface of the moon with its craters
and mountains, his critics reminded him that the
PRRQ·VVXUIDFHKDGWREHSHUIHFWO\VPRRWK$ULVWRWOH·V
conclusion came from a totally different direction
than modern creationists. He used a pagan worldview
WRUHDVRQWKDWXQOLNHWKHLPSHUIHFWWHUUHVWULDOZRUOG
the heavenly realm was perfect. This compelled
heavenly bodies to conform to ideals of perfection,
such as not having blemishes, moving in perfect
manner, and having perfect shape. Since the circle
is the most perfect shape, heavenly bodies must be
circular (in three dimensions spherical). Perfect
motion required uniform circular motion, which in
turn led to the Ptolemaic model with its complex
system of epicycles. While a very successful theory (it
was widely believed for 15 centuries), the Ptolemaic
model eventually was abandoned in the seventeenth
century. Persistent belief in the Ptolemaic system
3
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KHOGEDFNWKHSURJUHVVRIPRGHUQVFLHQFH7KLVOHVVRQ
ought not to be lost upon modern creationists. As
the blind alley of Aristotelian perfection impeded
the development of science, we ought not to let the
blind alley of an extreme view of the perfection of the
original creation retard the development of models of
recent creation.
Applying the Day Four Cratering Hypothesis
7KH'D\)RXUFUDWHULQJK\SRWKHVLVSURSRVHVWKDW
much of the lunar highlands date from the Creation
:HHNEXWWKDWWKHOXQDUPDULDIRUPHGGXULQJDQG
shortly after the Flood.3 This conclusion is reached
by several considerations. First, with their low crater
density, the lunar maria appear to have formed later
than much of the rest of the lunar surface. Second,
WKHYROFDQLFRYHUÁRZWKDWIRUPHGWKHPDULDDSSHDUWR
have been preceded by impact basins. Impact basins
are very large craters on the lunar surface, suggesting
that they were the sites of the largest impacts on the
moon. While there are a few impact basins on the
PRRQWKDWGLGQRWH[SHULHQFHYROFDQLFRYHUÁRZ VXFK
DV WKH $LWNHQ %DVLQ  WKHVH EDVLQV DSSHDU PXFK
older than the impact basins underlying the maria.
:K\ WKH $LWNHQ %DVLQ GLG QRW SUHFLSLWDWH YROFDQLF
RYHUÁRZ LV QRW NQRZQ WKRXJK VRPH VXJJHVW WKDW
WKLVLVEHFDXVHWKHOXQDUFUXVWLVWKLFNHURQWKHIDU
side of the moon. Third, the preponderance of lunar
impact basins and maria are on the side of the moon
that always faces the earth. This suggests that the
impact basins associated with the maria formed very
UDSLGO\RUHOVHWKHPRRQ·VRQHPRQWKURWDWLRQSHULRG
would have permitted more uniform impact basins.
Further, the close proximity of the earth suggests
WKDWWKHHDUWKZDVVWUXFNDVZHOO3UHYLRXVO\,KDYH
referred to the lunar impact basins as collateral
damage, because the earth was the primary target at
WKHWLPHRIWKH)ORRG)RXUWKZRUOGZLGHWKHHDUWK·V
VHGLPHQWDU\URFNVFRQWDLQPDQ\DVWUREOHPHVZKDW
appear to be fossil craters. If these indeed are craters
and if, as we recent creationists believe, most of the
VHGLPHQWDU\URFNVZHUHODLGGRZQGXULQJWKH)ORRG
then the earth endured many impacts during the
Flood.
In contrast, the view that the solar system endured
DQLQÁX[RIPHWHRURLGVDWWKHWLPHRIWKH)ORRGWKDW
accounts for virtually all craters has some problems.
One problem is the great amount of heat generated
by the large number of impacts on the moon and some
other bodies that happened very rapidly. The same
FRXOG EH VDLG RI WKH 'D\ )RXU FUDWHULQJ SURSRVDO
EXWGXULQJWKH&UHDWLRQ:HHNRQHHDVLO\FDQDSSHDO
to special (miraculous) conditions to alleviate that

'XULQJDSDQHOGLVFXVVLRQRQFUDWHULQJDWWKH6HYHQWK,QWHUQDWLRQDO&RQIHUHQFHRQ&UHDWLRQLVP  -RKQ%DXPJDUGQHUUDLVHGWKH
LVVXHRIUDGLRPHWULFGDWHVJLYLQJUHODWLYHGDWHVZLWKLQWKH5$7(SDUDGLJP6XFKDQDSSURDFKPD\QRWJLYHWKHVDPHUHODWLYHGDWHIRU
lunar maria and the Flood.
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problem. The current sustaining of this world
(Hebrews 1:3) that we recognize as physics today
was established during or at the conclusion of the
&UHDWLRQ :HHN 0RVW )ORRG PRGHOV LQYROYH SK\VLFV
DV ZH QRZ NQRZ LW VXJJHVWLQJ WKH DVVXPSWLRQ RI
sustaining physics at that time. So, the appeal to
a miraculous cooling mechanism at the time of the
Flood ought to be less palatable than miraculous
FRROLQJGXULQJWKH&UHDWLRQ:HHN$QRWKHUSUREOHP
is that the surfaces of slowly rotating bodies, such as
Venus and Mercury, do not show a greater density of
craters on one side that one might expect from a brief
HSLVRGHRILPSDFWV$ÀQDOSUREOHPLVWKDWWKHYHU\
high crater density on other bodies such as the moon
suggests that the rate of impacts upon the earth
during the Flood would have been unacceptably high.
The effects of the impacts would have dwarfed those
of the water of the Flood, but there is no hint in the
biblical records that this was the case. Furthermore,
RQH PXVW LQYRNH H[WUDRUGLQDU\ SURWHFWLRQ RI WKH
RFFXSDQWV RI WKH $UN IURP WKH LPSDFWV GXULQJ WKH
Flood that goes far beyond the biblical description
RI*RG·VSURYLVLRQRIDQDUN$VFUHDWLRQLVWJHRORJLVW
6WHYH$XVWLQKDVSRLQWHGRXW*HQHVLVUHFRUGV1RDK·V
$UNQRW1RDK·VEXQNHU4 At the recent International
Conference on Creationism Samec (2013) reviewed
the surface of Mars. He proposed that Mars has
undergone episodic intense volcanic eruptions. These
eruptions produced large amounts of water that
EULHÁ\ WHUUDIRUPHG 0DUV %HIRUH HYDSRUDWLQJ DQG
subliming from the planet, the water caused the
large amount of stream erosion evident on the planet
and could have resulted in an ocean that covered
the depression in the northern hemisphere. The
action of the water in that ocean may have
removed much of the evidence of craters that once
existed in that region.
So far, most of the discussion of craters in a recent
FUHDWLRQ IUDPHZRUN KDV FRQFHUQHG WKH HDUWK DQG
moon. Therefore, a survey of the surfaces of various
bodies in the solar system in this light is in order. In
WKH 'D\ )RXU FUDWHULQJ K\SRWKHVLV WKH (+% ZRXOG
account for most craters in the solar system. This
ZRXOGKDYHFRLQFLGHGZLWKWKHODVWVWDJHVRIWKHPRRQ·V
IRUPDWLRQRQ'D\)RXUVRWKHOXQDUKLJKODQGVGDWH
IURP WKH &UHDWLRQ :HHN :KDW VFLHQWLVWV QRUPDOO\
UHIHUWRWKH/+%ZRXOGKDYHKDSSHQHGDWWKHWLPH
of the Flood, and would have resulted in the lunar
maria. The moon was the only body that participated
LQERWKWKH(+%DQGWKH/+%WKHHDUWKH[SHULHQFHG
WKH/+%EXWQRWWKH(+%DQGWKHUHVWRIWKHVRODU
system participated in the EHB but did not undergo
PXFKLIDQ\RIWKH/+%:KDWPLJKWWKLVDSSURDFK
reveal about the other terrestrial planets?
4
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Terrestrial Planets
:LWK LWV PDQ\ FUDWHUV DW ÀUVW JODQFH 0HUFXU\·V
VXUIDFH VHH ÀJ   UHVHPEOHV WKDW RI WKH PRRQ
but there are differences. One difference is that
mercurial craters are shallower and have smaller
HMHFWDEODQNHWVWKDQOXQDUFUDWHUV7KLVLVDWWULEXWHG
to the much greater gravity on Mercury. Another
difference is that the surface of Mercury is not so
clearly segregated into heavily cratered and volcanic
terrains. For instance, there is no large albedo
difference as there is between the lunar highlands
and the maria. This suggests a more uniform surface
composition on Mercury. Additionally, there are no
large smooth regions on Mercury as on the moon
(the lunar maria). On Mercury there are spotted
and scattered heavily cratered regions. Interspersed
are the older intercrater plains, and there is much
debate about the origin of them. Some planetary
VFLHQWLVWVWKLQNWKDWWKHLQWHUFUDWHUSODLQVZHUHÀOOHG
ZLWK YROFDQLF PDWHULDO ZKLOH RWKHUV WKLQN WKDW WKH
LQWHUFUDWHUSODLQVZHUHÀOOHGZLWKGHEULVIURPFUDWHU
IRUPDWLRQ :KDWHYHU ÀOOHG WKH LQWHUFUDWHU SODLQV
WKH\OLNHO\FRYHUHGRYHUDQROGHUKLJKFUDWHUGHQVLW\
terrain underneath. Then the impacts of the heavily
FUDWHUHGWHUUDLQPRGLÀHGWKHLQWHUFUDWHUSODLQV7KH
relative ages of the heavily cratered terrain and
intercrater plains derives from the morphology of the
FUDWHUVLQYROYHG³VKDUSHUFUDWHUVOLNHO\DUH\RXQJHU
There are several impact basins on Mercury. The
most notable, the Caloris Basin, is one of the largest
LPSDFW EDVLQV LQ WKH VRODU V\VWHP 'LDPHWULFDOO\

Fig. 2. Messenger Mission mosaic of half the surface of
0HUFXU\3KRWRJUDSK1$6$-RKQV+RSNLQV8QLYHUVLW\
$SSOLHG 3K\VLFV /DERUDWRU\&DUQHJLH ,QVWLWXWLRQ RI
Washington

Austin said this during a panel discussion on cratering at the Seventh International Conference on Creationism (2013).
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opposite the Caloris Basin is the Weird Terrain,
D PXFK MXPEOHG UHJLRQ 0RVW SODQHWDU\ VFLHQWLVWV
WKLQN WKDW VHLVPLF ZDYHV IURP WKH &DORULV %DVLQ
impact met and constructively interfered to produce
huge displacements to produce the Weird Terrain.
In addition there are smooth plains that suggest
YROFDQLFRYHUÁRZ$OORIWKHVHFRQVLGHUDWLRQVVXJJHVW
that volcanic activity was present throughout the
cratering that occurred on Mercury. This contrasts
with lunar volcanism that apparently was not
present until after the impact basins formed. And the
RYHUÁRZ RI PROWHQ PDWHULDO RQ 0HUFXU\ ZDV PXFK
more localized than on the moon. There are a number
of scarps that cross over most terrains on Mercury.
7KHVFDUSVJLYHWKHDSSHDUDQFHRIVKULQNDJHRIWKLV
SODQHW 7KLV OLNHO\ FRLQFLGHG ZLWK VROLGLÀFDWLRQ RI
portions of the mantle, which happened after most
other surface features of Mercury had already formed.
+RZPLJKWZHLQWHUSUHW0HUFXU\LQWKH'D\)RXU
cratering model? There is no reason why most of its
VXUIDFHIHDWXUHVFRXOGQRWKDYHIRUPHGRQ'D\)RXU
Small scale local volcanism might have accompanied
the craters in time, if not as a consequence. This would
have included the Caloris Basin and Weird Terrain.
7KHVKULQNDJHWKDWSURGXFHGWKHVFDUSVFRXOGKDYH
KDSSHQHGRQ'D\)RXURUVRPHWLPHODWHU7KHUHLV
QRFRPSHOOLQJUHDVRQWRWKLQNWKDW0HUFXU\·VVXUIDFH
ZDVPRGLÀHGPXFKDWWKHWLPHRIWKH)ORRGRUDQ\
RWKHUSRVW&UHDWLRQ:HHNHYHQW
Hill (2008) has reviewed the surface of Venus.
Venus has a sparse but uniform distribution of
craters. This fact, along with the sharp morphology
of its craters, suggests that Venus underwent a total
overturn of its surface in the recent past. The parallel
to extremely rapid tectonic activity on earth that
many recent creationists have proposed accompanied
WKH)ORRGLVVWULNLQJDVLI*RGFDXVHGUDSLGWHFWRQLFV
on Venus (sans Flood) to show us such a thing was
possible on the earth. However, there are differences
IURPWKHHDUWKVXFKDVWKHODFNRIVRPHIHDWXUHVWKDW
suggest that Venus does not have tectonic plates as
the earth does. There are several possibilities here.
First, the tectonic activity that erased any craters
that Venus may have had could have occurred during
WKH &UHDWLRQ :HHN DV ZHOO +HQFH WKH IHZ FUDWHUV
WKDW LW QRZ KDV ZRXOG EH SRVW&UHDWLRQ :HHN EXW
none would be associated with any particular biblical
HYHQW +LOO KDV VXJJHVWHG WKDW 5$7( FRXOG KDYH
precipitated the upheaval on Venus, with subsequent
slow random impacts.
7KH PRVW LQWHUHVWLQJ EXW DOVR PRVW GLIÀFXOW
planetary surface to interpret is that of Mars.
Curiously, very few creationists have written about
WKH 0DUWLDQ VXUIDFH VR WKHUH LV PXFK ZRUN WR GR
here. There is a very clear hemispherical dimorphism
on Mars, with the hemispheres tilted slightly from
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the poles. The heavily cratered southern hemisphere
JHQHUDOO\ OLHV VHYHUDO NLORPHWHUV KLJKHU WKDQ WKH
much less cratered northern hemisphere. The region
with low crater density could be be the result of
YROFDQLFRYHUÁRZSURYLGHGWKDWWKHURFNLQWKHODYD
KDGJUHDWHUGHQVLW\WKDQVXUIDFHURFNVRQWKHRWKHU
half of Mars. The sparsely cratered lunar maria also
are at lower elevation than the heavily cratered
lunar highlands, so it is tempting to favorably
compare this hemispherical segregation to that of
WKH PRRQ EXW WKHUH DUH PDUNHG GLIIHUHQFHV :KLOH
one hemisphere of the moon (the one that faces
earth) has most of the maria, only about half that
hemisphere is maria. The remainder is highland.
While some impact basins on Mars are found in the
northern hemisphere, many of them are not obvious.
The most obvious impact basins, Hellas Planitia and
Argyre Planitia, are in the southern hemisphere.
They stand out, because they are deep depressions
in an otherwise high altitude hemisphere, and they
KDYHQRWEHHQPRGLÀHGE\YROFDQLFRYHUÁRZDVPXFK
as the northern hemisphere basins have. Thus it is
not clear whether the hemispheric dimorphism on
Mars is related to large impacts.
Complicating the picture are two volcanic regions.
The Tharsis region has three volcanoes, is located
near the edge of the elevated southern hemisphere,
and it contains the highest average elevation
on Mars. Nearby is the oversized shield volcano
Olympus Mons. About 90° west of the Tharsus region
is the Elysium region, containing three more modest
volcanoes. Though the area around the center of
its three volcanoes is elevated to that typical of the
higher southern hemisphere, the Elysium region is
clearly in the lower lying northern hemisphere. Both
volcanic regions appear to have higher elevation as the
UHVXOWRIRYHUÁRZ&RPPHQFLQJHDVWZDUGRIWKH
Tharsis region volcanoes and extending another 45°
in longitude is the famous Valles Marineris. Nearly
everyone agrees that Valles Marineris is a rift. Many
WKLQNWKDWLWOLNHO\LVUHODWHGWRWKHKXJHEXOJHLQWKH
nearby Tharsis region. Finally, the Hellas basin is
nearly antipodal to the Tharsis region, suggesting a
possible connection between the two.
Most puzzling are the many evidences of water
erosion on Mars. Nearly all types of water-caused
IHDWXUHV VXFK DV DOOXYLDO IDQV YDOOH\ QHWZRUNV
meandering channels, and deltas are present on the
0DUWLDQ VXUIDFH 7KHUH LV HYLGHQFH WKDW ODNHV DQG
possibly even oceans once existed on Mars. Some noncreationist scientists have suggested that a nearly
JOREDOÁRRGRQFHRFFXUUHGRQ0DUVDSODQHWZKHUH
SUHFLRXV OLWWOH ZDWHU VHHPV WR H[LVW WRGD\ ,W·V DV LI
*RGFDXVHGDODUJHÁRRGRQDSODQHWZLWKDOPRVWQR
ZDWHUWRVKRZPDQNLQGWKDWVXFKDWKLQJLVSRVVLEOH
on earth where there is abundant water. It is very
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clear that liquid water cannot exist on Mars today, so
it is a mystery when and how all this happened.
But such a great problem presents us with great
opportunity, so creationists may devise many
SRVVLELOLWLHV 7KH 'D\ )RXU FUDWHULQJ K\SRWKHVLV
suggests that much of Mars was initially heavily
cratered. Some of the primordial surface may survive
in the heavily cratered terrain of the southern
hemisphere. When did the northern hemisphere
RYHUÁRZZLWKODYD"2QHFRXOGSRVLWWKDWLWRFFXUUHG
VRPHWLPHDIWHUWKH&UHDWLRQ:HHNEXWLWLVSRVVLEOH
WKDWLWZDVODWHRQ'D\)RXURUPD\KDYHVWDUWHGWKHQ
continued for a while afterward. The same is true of
Valles Marineris. As for the liquid water, perhaps
0DUVRULJLQDOO\KDGDPXFKWKLFNHUDWPRVSKHUHZLWK
much liquid water, but it rapidly lost both due to
LWVUHODWLYHO\ZHDNJUDYLW\7KLVZRXOGKDYHFDXVHG
UDSLG GHSRVLWLRQ DQG ÁRRGLQJ EXW ZLWK GLPLQLVKLQJ
LQWHQVLW\IRUDIHZFHQWXULHVDIWHUWKH&UHDWLRQ:HHN
Was there enough time in the recent creation model
IRU 0DUV WR KDYH ORVW D VLJQLÀFDQW DWPRVSKHUH" ,W
would be most helpful if an atmospheric scientist
would model this.
At the recent International Conference on
Creationism, Samec (2013) reviewed the surface of
Mars. He proposed that Mars has undergone episodic
intense volcanic eruptions. These eruptions produced
ODUJHDPRXQWVRIZDWHUWKDWEULHÁ\WHUUDIRUPHG0DUV
Before evaporating and subliming from the planet,
the water caused the large amount of stream erosion
evident on the planet and could have resulted in an
ocean that covered the depression in the northern
KHPLVSKHUH 5DWKHU WKDQ YROFDQLF RYHUÁRZ WKDW
erased craters in the northern hemisphere, perhaps
water in that ocean may have removed much of the
evidence of craters that once existed in that region.
0XFK RI 6DPHF·V 0DUV GHVHUW K\SRWKHVLV FRXOG EH
LQFRUSRUDWHGLQWRWKH'D\)RXUFUDWHULQJK\SRWKHVLV
ZLWKFDWDVWURSKLFÁRRGLQJHLWKHUDIWHUWKH&UHDWLRQ
:HHNRUFRPPHQFLQJ&UHDWLRQ:HHNDQGFRQWLQXLQJ
for some time afterward. Samec prefers several
episodes of wet and dry cycles with some evidence
of alternating deposits on the Martian surface.
+RZHYHUMXVWDVZLWKHDUWK·VVHGLPHQWDU\GHSRVLWV
this evidence could be interpreted in terms of bursts
of activity within a single episode.
Non-Planetary Bodies
We must be careful in how we interpret some of
the smaller bodies in the solar system. While we have
photographic reconnaissance of most of the surfaces
of some bodies, we have mapped less than half the
surfaces of other bodies. For instance, the Galileo
SUREHWR-XSLWHUKDVDOORZHGXVWRSKRWRJUDSKDOPRVW
the entire surfaces of some of the Galilean satellites.
However, other bodies, such as the satellites of Uranus
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DQG1HSWXQHZHUHYLVLWHGE\DVLQJOHÁ\E\PLVVLRQ
(the Voyager 2), so less than half their surfaces have
been surveyed. We tend to extrapolate the surface
WKDW ZH NQRZ WR WKH SRUWLRQV WKDW ZH GRQ·W NQRZ
)XWXUH PLVVLRQV PD\ PDS WKH XQNQRZQ VLGHV DQG
such future reconnaissance might radically change
our understanding of these bodies. With this caveat, I
will discuss the surfaces of some of the smaller bodies
RI WKH VRODU V\VWHP LQ WKH FRQWH[W RI WKH 'D\ )RXU
cratering hypothesis.
The non-planetary bodies of the solar system show
varying amounts of craters. The smaller bodies,
such as asteroids and the two satellites of Mars, are
KHDYLO\FUDWHUHGDQGVKRZOLWWOHHYLGHQFHRIUHZRUNLQJ
VHHÀJVDQG 7KHVPDOOVDWHOOLWHVRIWKH-RYLDQ
planets have similar appearance. This suggests that

Fig. 3. Phobos, one of the satellites of Mars. Photograph:
1$6$-3/&DOWHFK8QLYHUVLW\RI$UL]RQD

Fig. 4. The minor planet 4 Vesta. Photograph: NASA/
-3/&DOWHFK8&$/036'/5,'$
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WKH\ ZHUH DVVHPEOHG DFFRUGLQJ WR WKH 'D\ )RXU
cratering hypothesis, but that they have undergone
relatively little change since. Some of the larger
VDWHOOLWHVVKRZVRPHKLVWRU\VLQFHWKH&UHDWLRQ:HHN
&RQVLGHUWKHIRXU*DOLOHDQVDWHOOLWHVRI-XSLWHU,RKDV
no craters, suggesting that it is volcanically active, as
evidenced by Voyager and Galileo probe photographs
RIHUXSWLQJYROFDQRHVRQ,R·VVXUIDFH6SHQFHU  
KDV GLVFXVVHG ,R·V YROFDQLVP LQ D UHFHQW FUHDWLRQ
viewpoint. Io is the most volcanically active body in
the solar system, and it probably was made so on
'D\ )RXU ZLWK VRPH GLPLQLVKPHQW VLQFH (XURSD
has a few craters, indicating that its surface has been
UHZRUNHGH[WHQVLYHO\VLQFH'D\)RXU*DQ\PHGHDQG
Callisto are heavily cratered, suggesting relatively
little geological activity since their creation. Because
their surfaces contain so much ice, many of the oldest
appearing craters on Ganymede and Callisto have lost
much vertical relief. Planetary scientists call these
craters palimpsests. Palimpsests are common on icy
VDWHOOLWHVRIWKH-RYLDQSODQHWV&DOOLVWRLVVDWXUDWHG
ZLWK FUDWHUV PDNLQJ LW WKH PRVW KHDYLO\ FUDWHUHG
ODUJH VDWHOOLWH VHH ÀJ   +RZHYHU *DQ\PHGH KDV
less crater density than Callisto, suggesting that it
KDV XQGHUJRQH PRGHVW UHZRUNLQJ $ERXW RQH WKLUG
RI *DQ\PHGH·V VXUIDFH LV GDUNHU DQG KDV FUDWHU
saturation. The other two thirds of the surface is
lighter, has less crater density, and is crossed by

Fig. 5. A portion of the surface of Callisto, one of the
*DOLOHDQVDWHOOLWHVRI-XSLWHU3KRWRJUDSK1$6$-3/
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Fig. 6. Galileo image of Ganymede, one of the Galilean
VDWHOOLWHV RI -XSLWHU VKRZLQJ FUDWHUV DQG JURRYHG
terrain. Photograph: NASA.

*DQ\PHGH·V IDPRXV JURRYHG WHUUDLQ VHH ÀJ  
Though not completely understood, the grooves and
ridges are thought to be tectonic. Because all regions
RI*DQ\PHGH·VVXUIDFHKDYHVXFKKLJKFUDWHUGHQVLW\
WKH 'D\ )RXU FUDWHULQJ K\SRWKHVLV ZRXOG LQWHUSUHW
WKHJHRORJ\RI*DQ\PHGH·VVXUIDFHDOPRVWHQWLUHO\LQ
WHUPVRI'D\)RXUHYHQWVZLWKVRPHPRGLÀFDWLRQRQ
portions since.
7LWDQ LV 6DWXUQ·V ODUJHVW VDWHOOLWH DQG LV WKH
second largest satellite in the solar system. It is
the only satellite with an extensive atmosphere.
7LWDQ·VDWPRVSKHUHPDNHVLWGLIÀFXOWIRUXVWRPDS
its surface in the visible part of the spectrum, but
the Cassini mission carried infrared instruments,
as well as a radar altimeter and synthetic aperture
radar apparatus. This equipment permitted
PDSSLQJ D SRUWLRQ RI 7LWDQ·V VXUIDFH LQ VRPH
detail. Those images reveal a surface that has few
craters and hence is interpreted as being relatively
young. Some of the craters have sharp morphology,
suggesting very recent origin, but others appear to
KDYHEHHQPRGLÀHGE\YROFDQLVP VHHÀJ 0XFK
of the uncratered surface shows evidence of volcanic
activity, but I ought to clarify what type of volcanism
OLNHO\H[LVWVRQ7LWDQDQGRWKHUVDWHOOLWHVVRIDUIURP
the sun. Most of the satellites of Saturn, Uranus, and
Neptune have densities of less than 2.0 gm/cc. This is
consistent with a composition that is less than 50%
URFN0RVWRIWKHPDVVRIWKHVHREMHFWVLVPDGHRILFH
primarily water ice, but with ammonia, methane
and other volatiles also present. Water and these
other volatiles probably are the molten material
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Fig. 7. Cassini radar images of two craters from the
surface of Titan, a satellite of Saturn. The crater on the
left has sharper morphology, suggesting younger age.
3KRWRJUDSK &DWKHULQH 1HLVK1$6$-3/&DOWHFK$6,
GSFC.

involved. Planetary scientists have coined the term
cryovolcanism to refer to this sort of volcanic activity,
which obviously occurs at a much lower temperature
WKDQ ZKHQ URFN LV LQYROYHG 6LQFH 7LWDQ OLNHO\ LV
still active, much of its geology and surface features
SUREDEO\SRVWGDWHVWKH&UHDWLRQ:HHN
5KHD DQG 'LRQH WKH VHFRQG DQG IRXUWK ODUJHVW
VDWHOOLWHVRI6DWXUQDUHYHU\VLPLODU VHHÀJVDQG
9). As with every satellite that we have examined
closely, they have synchronous rotation. That is, they
rotate and revolve with the same period. This means
WKDWWKH\NHHSRQHIDFHWRZDUGWKHSODQHWDWDOOWLPHV
EXWWKH\DOVRNHHSRQHIDFHIRUZDUGLQWKHLURUELWV WKH
leading side) and one face trailing (the trailing side).
7KHOHDGLQJVLGHVRI5KHDDQG'LRQHDUHYHU\GLIIHUHQW
IURPWKHLUWUDLOLQJVLGHV7KHOHDGLQJVLGHRI5KHDLV
bright and contains many craters. The trailing side
LVGDUNHUDQGFRQWDLQVPDUNHGO\IHZHUFUDWHUVEXW
the trailing side also is crossed by brighter swaths
that appear to be tectonically formed ice cliffs. This

Fig. 8. &DVVLQL LPDJH RI 5KHD D VDWHOOLWH RI 6DWXUQ
3KRWRJUDSK1$6$-3/6SDFH6FLHQFH,QVWLWXWH

Fig. 9. &DVVLQL LPDJH RI 'LRQH D VDWHOOLWH RI 6DWXUQ
3KRWRJUDSK1$6$-3/6SDFH6FLHQFH,QVWLWXWH

VXJJHVWVWKDWOLWWOHJHRORJLFDOUHZRUNLQJKDVRFFXUUHG
RQWKHOHDGLQJVLGHEXWWKDWPXFKPRUHKDVWDNHQ
place on the trailing side. Alternately, more impacts
occurred on the leading side as it orbited Saturn. The
latter explanation is supported by most planetary
scientists. However, the appearance is reversed on
'LRQH ZLWK WKH OHDGLQJ VLGH KDYLQJ IHZHU FUDWHUV
and the trailing side having more. The standard
H[SODQDWLRQ LV WKDW 'LRQH RULJLQDOO\ KDG LWV PRUH
heavily cratered side leading, but that a large impact
spun it around after most craters had formed. The
leading side of either satellite is brighter than the
WUDLOLQJ VLGH 7KLV DPRXQWV WR VSHFLDO SOHDGLQJ ,W·V
not clear how this surface could be interpreted in
WHUPVRIWKH'D\)RXUFUDWHULQJK\SRWKHVLV
,DSHWXV6DWXUQ·VWKLUGODUJHVWVDWHOOLWHLVVWUDQJH
VHH ÀJ   ,W LVQ·W VSKHULFDO EXW LQVWHDG ,DSHWXV
has a triaxial ellipsoid shape. Its deviation from a
sphere is obvious on some photographs. Iapetus also
has a tall equatorial ridge of mountains, some of the
KLJKHVWPRXQWDLQVLQWKHVRODUV\VWHP VHHÀJ 
The ridge, along with its odd shape, gives Iapetus the
DSSHDUDQFHRIDZDOQXW,DSHWXV·VGHQVLW\LVVOLJKWO\
ODUJHU WKDQ RQH PDNLQJ LW RQH RI WKH OHDVW GHQVH
satellites in the solar system. This suggests that
,DSHWXVLVDOPRVWHQWLUHO\LFHZLWKDWPRVWURFN
The surface of Iapetus is heavily cratered with no
crater density segregation that is so common on other
satellites. This suggests that most features of Iapetian
VXUIDFHGDWHIURP'D\)RXUZLWKOLWWOHPRGLÀFDWLRQ
VLQFH0RVWVWULNLQJDERXW,DSHWXVLVWKDWLWVOHDGLQJ
VLGHLVH[WUHPHO\GDUN RQHRIWKHGDUNHVWVXUIDFHVLQ
the solar system) while its trailing side is very bright.
7KLV LV VLPLODU WR 'LRQH DQG RSSRVLWH IURP 5KHD
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Fig. 10. Cassini image of Iapetus, a satellite of Saturn.
3KRWRJUDSK1$6$-3/6SDFH6FLHQFH,QVWLWXWH

EXW'LRQH·VVXUIDFHZDVFRQVLGHUHGWKHVWDQGDUGIRU
WKRVHWZRERGLHV+RZHYHU5KHDDQG'LRQHDUHFORVH
WR 6DWXUQ DQG PXFK RI WKH PDWWHU VWULNLQJ WKHLU
VXUIDFHV VXSSRVHGO\ FDPH IURP 6DWXUQ·V ULQJV DQG
hence contained much bright-colored ice. Planetary
VFLHQWLVWV WKLQN WKDW WKH ,DSHWLDQ KHPLVSKHULFDO
albedo difference is explained by a two-stage process.
Iapetus is the most distant satellite of any size
orbiting Saturn. Its orbit is prograde, but many of the
small satellites orbiting farther out are retrograde.
3ODQHWDU\ VFLHQWLVWV WKLQN WKDW PDWHULDO HURGHG RII
those small satellites from micrometeoroid collisions
and then slowing began spiraling in toward Saturn.
Along the way many particles, orbiting opposite to
,DSHWXVVWUXFNWKH,DSHWLDQVXUIDFHSUHIHUHQWLDOO\RQ
WKHOHDGLQJVLGH'XULQJWKHWLPHLQWHUYHQLQJEHWZHHQ
WKRVHWZRHYHQWVH[SRVXUHWRVXQOLJKWGDUNHQHGWKH
PDWHULDO 7KLV LV WKH ÀUVW VWDJH RI WKH SURFHVV 7KH
second stage is the migration of ice from the leading
to the trailing side of Iapetus. With its relatively slow
URWDWLRQ GD\V WKHGDUNKDOIRI,DSHWXVJHWVKRWWHU
during the day and cooler during the night than the

Fig. 11. Close-up showing a portion of the equatorial
ridge on Iapetus. Photograph: NASA.
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light half does. Being at a higher temperature, more
LFHVXEOLPHVIURPWKHGDUNHUKDOIGXULQJLWVGD\EXW
most sublimed material will gradually re-condense
randomly on the surface. Over time this positive
IHHGEDFNUHPRYHGPRVWRIWKHH[SRVHGLFHIURPWKH
leading side of Iapetus. This scenario probably could
ZRUNZLWKLQWKH'D\)RXUFUDWHULQJK\SRWKHVLV
0LGVL]HG 7HWK\V LV WKH ÀIWK ODUJHVW VDWHOOLWH RI
Saturn. Its density is less than one, suggesting that
7HWK\VLVDOPRVWHQWLUHO\LFH)XUWKHUPRUH7HWK\V·V
albedo is very high, consistent with a surface high in
ice content. The entire surface of Tethys is heavily
FUDWHUHG VHH ÀJ   $ VPDOO SDUW RI WKH VXUIDFH
KDVVPRRWKSODLQWKH\PD\EHWKHUHVXOWRIPRGHVW
cryovolcanism in the past. Ithaca Chasma is a graben
running about three-quarters the way around
Tethys. One theory of its origin is that it is impact
UHODWHG:LWKVXFKOLWWOHPRGLÀFDWLRQWKHVXUIDFHRI
7HWK\VOLNHO\GDWHVIURP'D\)RXU

Fig. 12. Cassini image of Tethys, a satellite of Saturn.
Ithaca Chasma is visible from center toward lower left.
3KRWRJUDSK1$6$-3/6SDFH6FLHQFH,QVWLWXWH

(QFHODGXV6DWXUQ·VVL[WKODUJHVWVDWHOOLWHKDVWKH
one of the highest albedos in the solar system. This
is consistent with a surface made almost entirely of
water ice. The surface of Enceladus is varied, ranging
from heavily cratered terrain to sparsely cratered
UHJLRQV VHHÀJ 0DQ\RILWVFUDWHUVDUHGHJUDGHG
UDWKHUWKDQPRGLÀHG,WVVRXWKSRODUUHJLRQKDVIHZ
craters, but it has many tectonic features, such as
fractures and ridges. The Cassini probe revealed
FU\RYROFDQRHV MHWWLQJ ZDWHU LFH DW WKH VRXWK SROH RI
(QFHODGXV ÀJ PDNLQJLWWKHWKLUGYROFDQLFDOO\
active satellite (the other two are Io and Triton, a
PRRQ RI 1HSWXQH  3ODQHWDU\ VFLHQWLVWV WKLQN WKDW
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Fig. 13. A map of the surface of Enceladus, a satellite
RI 6DWXUQ 3KRWRJUDSK 1$6$-3/6SDFH 6FLHQFH
Institute.

PXFKRIWKHGHJUDGDWLRQRIFUDWHUVDQGPRGLÀFDWLRQ
of the surface of Enceladus is due to its cryovolcanic
DFWLYLW\ 7KH 'D\ )RXU FUDWHULQJ K\SRWKHVLV ZRXOG
GDWHPRVW(QFHODGHDQFUDWHUVDV'D\)RXUEXWZLWK
UHZRUNLQJ WKDW KDV KDSSHQHG VLQFH DQG LQFOXGLQJ
current activity.
0LPDVLV6DWXUQ·VVHYHQWKODUJHVWVDWHOOLWHDQG
LWLVWKHVPDOOHVWDVWURQRPLFDOERG\NQRZQZLWKD
URXQG VKDSH /DUJHU ERGLHV DUH URXQG EHFDXVH RI
VHOIJUDYLW\ VR LI D ERG\ LV WRR VPDOO LW ODFNV WKH
PDVVDQGKHQFHWKHJUDYLW\WRPDNHLWVHOIURXQG
$SSDUHQWO\ 0LPDV LV MXVW DERYH WKH OLPLW IRU WKLV
WR ZRUN 7KH VXUIDFH RI 0LPDV LV VDWXUDWHG ZLWK
craters, indicating that it has undergone little,
LI DQ\ UHZRUNLQJ VHH ÀJ   7KH PRVW VWULNLQJ
feature on the Mimantean surface is Herschel, a
large impact crater named for William Herschel, the
discoverer of Mimas. The diameter of Herschel is
nearly one-third the diameter of the satellite. With
LWVUHODWLYHO\ZHDNJUDYLW\LWLVDELWRIDP\VWHU\
how Mimas survived the impact required to form
Herschel, for models of the impact required would
cause the satellite to disrupt. On the other hand, in
WKH 'D\ )RXU FUDWHULQJ K\SRWKHVLV +HUVFKHO PD\
have dated very late in the formation of Mimas. If
so, then it would have been the result of a special,
directed process, not the naturalistic process
generally assumed.

Fig. 14. Geysers visible off the limb of Enceladus.
3KRWRJUDSK1$6$-3/6SDFH6FLHQFH,QVWLWXWH

Fig. 15. &DVVLQL LPDJH RI 6DWXUQ·V VDWHOOLWH 0LPDV
showing the large crater Herschel. Photograph: NASA/
-3/&DOWHFK6SDFH6FLHQFH,QVWLWXWH

Titania and Oberon are the two largest satellites
of Uranus, with Titania being slightly larger. Their
densities, which are little higher than expected so
far from the sun, suggest a composition of half ice
DQGKDOIURFN2EHURQ·VVXUIDFHLVQHDUO\VDWXUDWHG
with craters, suggesting little geological activity
VLQFH LWV IRUPDWLRQ ,WV VXUIDFH KDV EHHQ PRGLÀHG
by some canyons. Planetary scientists attribute the
canyons to stress in the crust caused by contraction
of near-surface layers as they cooled, accompanied
by expansion of the interior as the water there froze.
7KH 'D\ )RXU FUDWHULQJ K\SRWKHVLV ZRXOG VXJJHVW
that the cratering dated from formation. The
canyons could be interpreted similarly to the secular
YLHZHLWKHUE\ODWH'D\)RXUHYHQWVRUVXEVHTXHQW
processes. While heavily cratered, the crater density
RI7LWDQLD ÀJ LVOHVVWKDQ2EHURQ·V7LWDQLDDOVR
has more faults on its surface. These two facts could
EH GLIÀFXOW IRU WKH 'D\ )RXU FUDWHULQJ K\SRWKHVLV
2QH SRVVLELOLW\ LV WKDW WKH 'D\ )RXU HYHQWV RQ
Titania not only included impacts, but faulting from
cryovolcanic activity as well. However, we must be
careful in interpreting the surfaces of the satellites
of Uranus and Neptune, because typically we have
photographed less than half of the surface of each.
$VZLWKRWKHUVDWHOOLWHVRIWKH-RYLDQSODQHWVHDUWK
based studies have shown asymmetry in the color
and spectral features. The leading hemisphere
of Titania is redder than its trailing hemisphere,
while the situation is reversed on Oberon. Water ice
DEVRUSWLRQ EDQGV DUH VWURQJHU RQ 7LWDQLD·V OHDGLQJ
side, the reverse of Oberon. These reversals are
GLIÀFXOWWRH[SODLQ
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Fig. 16. Voyager image of Titania, a satellite of Uranus.
3KRWRJUDSK1$6$-3/

Umbriel and Ariel are the third and fourth largest
satellites of Uranus. Umbriel is slightly larger, but
$ULHO KDV PRUH PDVV VR $ULHO·V GHQVLW\ LV VOLJKWO\
ODUJHUDVZHOO8PEULHO·VVXUIDFHLVWKHGDUNHVWDQG
KDV WKH KLJKHVW FUDWHU GHQVLW\ RI DQ\ RI 8UDQXV·V
VDWHOOLWHV7KHUHLVOLWWOHHYLGHQFHRIDQ\UHZRUNLQJ
VR8PEULHO·VVXUIDFHPD\EHSULPRUGLDO2QWKHRWKHU
KDQG $ULHO KDV WKH PRVW UHÁHFWLYH VXUIDFH RI WKH
8UDQLDQVDWHOOLWHV7KLVKLJKUHÁHFWLYLW\SUREDEO\LV
due to high ice content on the surface, something that

Fig. 17. Voyager image of Ariel, a satellite of Uranus.
3KRWRJUDSK1$6$-3/
5

23

LVFRQVLVWHQWZLWKVSHFWURVFRSLFGDWD$ULHO·VVXUIDFH
has a cratered region near the south pole. Elsewhere
there is ridged terrain, and there are plains. The
SODLQVKDYHIHZFUDWHUVVXJJHVWLQJPXFKUHZRUNLQJ
and the ridged areas appear to be the result of
tectonic activity. Fig. 17 is an image of Ariel. Overall,
WKH 'D\ )RXU FUDWHULQJ K\SRWKHVLV ZRXOG VXJJHVW
WKDW WKH FUDWHUHG UHJLRQV GDWH IURP 'D\ )RXU EXW
that the remainder of the surface of Ariel probably is
SRVW&UHDWLRQ:HHN
0LUDQGD LV WKH ÀIWK ODUJHVW VDWHOOLWH RI 8UDQXV
and it orbits closer to Uranus than any other moon
RI DQ\ VL]H :KLOH 0LUDQGD·V VXUIDFH KDV FUDWHUV
LWV VXUIDFH KDV EHHQ FRQVLGHUDEO\ UHZRUNHG ZLWK
many intersecting canyons. It appears to be the
most geologically active satellite of Uranus. This is
surprising, given its small size, because small bodies
JHQHUDOO\ KDYH LQVXIÀFLHQW KHDW IRU YROFDQLVP 7KH
most common explanation is that Miranda recently
was in a 3:1 tidal resonance with Umbriel. This
resonance allegedly caused changes in its orbital
HFFHQWULFLW\ZKLFKFDXVHGWLGDOÁH[LQJ,ZRXOGYLHZ
WKH VXUIDFH DV EHLQJ PRGLÀHG VLQFH WKH &UHDWLRQ
:HHN
Neptune has only one satellite of any size,
7ULWRQ7ULWRQLVWKHRQO\PDMRUVDWHOOLWHWKDWRUELWV
retrograde. Furthermore, it has a large inclination
both to the orbital and equatorial planes of Neptune.
This has caused astronomers to hypothesize that
7ULWRQZDVFDSWXUHGE\1HSWXQH·VJUDYLW\7KHUHLV
DWOHDVWRQHSUREOHPZLWKWKLVVXJJHVWLRQ³7ULWRQ·V
orbit is very circular, but a capture event ought to
result in a highly elliptical orbit. Tidal interaction
FDQ FLUFXODUL]H DQ RUELW EXW LW GRHVQ·W DSSHDU
that there has been enough time for this to have
happened. The density of Triton closely matches
that of Pluto, and, given the close proximity of Pluto
DQG RWKHU 7UDQV 1HSWXQLDQ 2EMHFWV 712V  PDQ\
astronomers assume that Triton came from the
DVWHURLG EHOW WKDW H[LVWV EH\RQG 1HSWXQH·V RUELW5
+RZHYHU7ULWRQLVODUJHUWKDQDQ\RIWKRVHREMHFWV
(the two largest being the dwarf planets Eris and
3OXWR 7ULWRQ LV KRPH RI WKH IDPRXV ´FDQWDORXSHµ
VXUIDFH ÀJ   7KLV XQXVXDO IHDWXUH DORQJ ZLWK
few craters, is attributed to recent geological activity.
Indeed, Voyager 2 photographed the eruption of
VHYHUDO FU\RYROFDQRHV GXULQJ LWV Á\E\ LQ  $V
SUHYLRXVO\ PHQWLRQHG 7ULWRQ LV MXVW RQH RI WKUHH
JHRORJLFDOO\ DFWLYH VDWHOOLWHV NQRZQ LQ WKH VRODU
system. However, rather than the molten material
EHLQJZDWHULWLVPRUHOLNHO\QLWURJHQDQGWRDOHVVHU
H[WHQWPHWKDQH2IFRXUVHWKH'D\)RXUFUDWHULQJ
K\SRWKHVLV ZRXOG VXJJHVW WKDW PRVW 'D\ )RXU
craters are now obliterated.

0DQ\DVWURQRPHUVWKLQNWKDW712VDUHLQWKHK\SRWKHWLFDO.XLSHUEHOWWKHVRXUFHRIVKRUWSHULRGFRPHWV+RZHYHUWKHUHDUHUHDVRQVWR
question the equating of TNOs with the Kuiper belt. See Newton (2002), Oard (2005), and:RUUDNHU  
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Fig. 18. 9R\DJHU LPDJH RI 1HSWXQH·V VDWHOOLWH 7ULWRQ
VKRZLQJLWFDQWDORXSHVXUIDFH3KRWRJUDSK1$6$-3/
US Geological Survey.

Conclusion
,KDYHDSSOLHGWKH'D\)RXUFUDWHULQJK\SRWKHVLV
to all the solid surfaces of the solar system for
ZKLFKZHKDYHSKRWRJUDSKVRIVXIÀFLHQWUHVROXWLRQ
0RUH VSHFLÀFDOO\ , KDYH VXUYH\HG WKH RWKHU WKUHH
terrestrial planets, the four Galilean satellites of
-XSLWHU WKH VHYHQ ODUJHVW VDWHOOLWHV RI 6DWXUQ WKH
ÀYH ODUJHVW VDWHOOLWHV RI 8UDQXV DQG 7ULWRQ WKH
largest satellites of Neptune. The surfaces of these
bodies show a wide range in characteristics, from
KHDYLO\FUDWHUHGWRKHDYLO\PRGLÀHG7KHUHPDLQLQJ
ERGLHVIRUZKLFKZHKDYHVXIÀFLHQWSKRWRJUDSKVWKH
smaller, non-spherical asteroids and satellites, are
VDWXUDWHGZLWKFUDWHUV:LWKWKH'D\)RXUFUDWHULQJ
hypothesis I suggest that the heavily cratered surfaces
are primordial, dating from the assembly of these
ERGLHVRQ'D\)RXUZLWKOLWWOHDFWLYLW\VLQFH7KHOHVV
FUDWHUHG DQGRU PRGLÀHG VXUIDFHV KDYH XQGHUJRQH
UHZRUNLQJVLQFHWKH&UHDWLRQ:HHN,QWKHFDVHVRI,R
(QFHODGXVDQG7ULWRQWKHUHZRUNLQJFOHDUO\JRHVRQ
today, for we have observed volcanic or cryovolcanic
activity on these bodies. It may be that a few bodies
are still undergoing some geological activity, but they
may not have been active when we closely observed
them with spacecraft. On some bodies, the mixing
RI PRGLÀHG IHDWXUHV DQG IUHVK FUDWHUV VXJJHVW WKDW
VRPHUHZRUNLQJRFFXUUHGGXULQJ'D\)RXUFUHDWLRQ
:LWKLQ WKH UHFHQW FUHDWLRQ IUDPHZRUN WKH UDWHV RI
PRGLÀFDWLRQLQWKHSDVWPXVWKDYHEHHQYHU\KLJK
These inferred high rates of geological activity may
qualify as catastrophic, but it is not necessary that
DQ\RIWKHVHEHLGHQWLÀHGZLWKDQ\SDUWLFXODUELEOLFDO
catastrophe.

D. Faulkner

7KH'D\)RXUFUDWHULQJK\SRWKHVLVFDQH[SODLQWKH
overall features of the surfaces of solar system bodies.
Of course, this is only a brief discussion dealing with
the large-scale picture of each body. In such a brief
survey, many questions cannot be addressed. An
important question that I have not addressed is why
the earth and moon share a common crater sizefrequency distribution with Mercury and Mars, if the
/+%ZDVUHVWULFWHGWRWKHHDUWKDQGPRRQ$QRWKHU
question is whether differentiated bodies in the solar
system were created that way or if they went through
a post-creation process to become differentiated.
These are questions worthy of further discussion.
Each body has varied topography worthy of more
detailed study. I hope to further develop details to
strengthen the hypothesis. I would be most interested
LQLQFOXVLRQRI5$7(LQWKHGHYHORSPHQWRIWKH'D\
Four cratering hypothesis. I encourage discussion,
and I encourage those with different views on when
craters occurred to develop their ideas further.
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