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“The Martian Chronicles”

“A Traveller's Guide To Mars”

by Ray Bradbury, 1950. by William K. Hartmann, 2003

RAY BRADBURY

THE WORLD'S GREATEST LIVING SCIENCE-FICTION WRITER'

THE MARTIAN
GCHRONICLES

A/ ATRAVELER’S GUIDE TO

A
L

* Visit the 40 Hottest Cold Spots
on the Red Planet.

* 4.5 Billion Years of Mars History.

» Impact Explosions, Volcanic Outbursts,
and Ancient Floods. -

* Solving the
-g;:and Other M

First winner, Carl Sagan Medal from the American Astronomical Society
and, participating scientist, US Mars Global Surveyor Mission
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* “Fractals” in Nature (Mandelbrot,1976)

* Glant Impact Theory (Hartmann & Davis,1975)
* Late Heavy Bombardment (Cohen,et.al. 200Q) _'
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“Fractal” by Benoit Mandelbrot
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Caleb I. Fassett, James W. Head Il :The timing of martian valley network activity:

The timing of valley network formation on Mars 67
Constraints from buffered crater counting, Icarus 195 (2008) 61-89
A B
Valley . \—Counted
Segment /
Not Counted: — Not Counted ?_
Crater center not in R
buffer: ejecta does 1@_ - : Integrated
nat intersect valley -~ ? P {not superposed)
e Crater centerin © —Counted
150 buffer; ejecta Not Counted
intersects valley ~.
Buffer for crater (o]
of size D Not Intersecting
{outside buffer for size range)

Fig. 3. Schematic diagrams illustrating the buffer crater counting methodology. (A) A buffer is established for a given crater size. and craters are counted which
(1) have their centers in the buffer, and (2) intersect the valley segment. For each buffer, a count area is then calculated (which thus allows for size—frequency
determination). (B) A schematic of buffer creation at a variety of crater sizes. Craters are not included if they are not superposed on the valley network (e.g..

integrated), or outsi

he buffer gppropriate for its cralti

ood examp

size.

e of cross-cutting relationship!

in other words, there are no apparent systematic errors resulting
from our choice of a buffer size.

Our procedures for the count are as follows: (1) We first map
the valley system being examined and determine its average
width. (2) We then find all craters clearly superposed upon the
valley that have a center within the buffer area appropriate for
the specific crater diameter (so that its rim falls within a dis-
tance of one crater diameter of the valley). (3) A count area is

Lack of knowledge of the exact historical impact crater
production rate on Mars leads to a systematic uncertainty
in absolute ages of up to a factor of ~2—4, and the degree
of uncertainty depends on the age of terrain being consid-
ered (e.g., Hartmann and Neukum, 2001). Along with this
systematic uncertainty, there are also non-negligible differ-
ences in the ages that are derived using the Hartmann and

Neukum production functions. For example, calculating the
-

—
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NYQUIST ET AL.

Niap Meteorites

Orthopyroxenite (1)

2. THIF200EETREZON? o= ) .E

I L L L L I L L L] L] I L L L L I L L L L
_____ ? @0 n Chassigny (1) -
o ~1.35 Ga
= n -
= _|_|_|_|_I_|l_|_|_l_|_|_|_|_l_|_|_|_|_l_|_|_|_|_
@
w = -
© | Nakhlites (3) -
= ~1.30 Ga
g n -
I I '] I L L L L I L L L L
g L] L] L] 1 I 1 1 1 1 I 1 1 L] L] l 1 1 1 1 I 1 1 1 1
< Lherzolitic shergottites (3) _
~180 Ma _
[ N T N TR R N N N T TN N SN NN TR N T SR N TR TN N |
T+ r rrrrr I rrrr 17
Basaltic shergottites (5) :
165-475 Ma i
L] 1 I 1 1 1 1 I 1 1 L] L] l 1 1 1 1 I 1 1 1 1

141@ 0) kgﬁﬁd) i | Eﬂ.ge {G.‘a}3 4 5

= Figure 2. The crystallization ages of Martian meteorites separated by compositional group. The

I;EE 0) f-ﬁ ,ﬂl Eu ralues plotted are the “preferred ages™ from Tables II and III. The oldest meteorite in the Martian

clan is ~4.5 Gyr old, and the youngest ~180 Myr old. Thus, Martian magmatism appears to have

d over most of solar system history, a conclusion that agrees with the time span of crater

Nyq u |St et al Z@ ages (Hartmann and Berman, 2000). The thirteen meteorites fall into only five age groups,
leaving large gaps in Martian chronology as recorded by the meteorites.
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42 o Williams: EARTH'S PRECAMBRIAN ROTATION 38, 1/ REVIEWS OF GEOPHYSICS

Giant Impact &
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Figure 4. Thin sections of rhythmites from drill core of the late Neoproterozoic Elatina Formation, South

. . Australia, viewed with transmitted light: opaque muddy material appears darker than translucent sandy and

silty layers. Scale bars are 1 cm. (a) Four complete fortnightly neap-spring cycles of ~10-14 graded, diurnal

WI I I I al I l S 2 O O O laminae are bounded by conspicuous, dark, mud drapes deposited near times of neap tides. (b) Alternately
1 thick and thin neap-spring cycles indicating the monthly inequality of paleo-spring tides. (c) Neap-spring cycles

. . with alternate boundaries represented by very thin silty laminae (arrows) rather than mud drapes; such little

R f h abbreviated neap-spring cycles were deposited near solstices, when neap-tidal ranges were maximum (see
eVI eW O e O p yS I CS section 3.1). (d) A group of thin (0.5-3.0 mm) neap-spring cycles representing just over 1 year’s deposition;
internal lamination between mud drapes is discernible only in a few places. (e) A neap-spring cycle comprising

diurnal laminae as well as semidiurnal sublaminae. Reproduced from Williams [1991] with the permission of
the Canadian Society of Petroleum Geologists, Calgary.
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Figure 4. Migration of sand wave in tidal system char- 4 ra
acterized by strong flood current and weak ebb cur- .
Foreset Number rent (modified after Visser, 1980). Note that most sand 2
is deposited on lee face of sand wave during dominant el = WoaY Ieo
Figure 3. A: Traverse 2—all data. Histogram of sandstone foreset bundle flood stage (A), whereas only thin sand layer is de- * ” 8 L J |
thicknesses plotted against foreset number for traverse two through posited on lee face during subordinate flood stage (E). § = |
cross-bed set shown in Figure 2. Note variation in thickness of sand- Dominant and subordinate flood currents are typical 2 J
stone foresets and common presence of thick-thin pairs of foresets. of semidiurnal tidal systems. During ebb stage, sand 15
B: Traverse 2—subordinates removed. Histogram of inferred dominant- deposition takes place only in trough of sand wave 10 I \ Py / A
tide foreset bundle thicknesses plotted against foreset number for tra- and is preserved in form of intrasets within toesets of . vV LA it *
verse two through cross-bed set shown in Figure 2. Inferred subordinate cross-bed set (C). During stillstand associated with L /AVAVVINEE LS
flood-tide laminations were removed visually from data sets. Note that turning of tide, clay accumulates on lee face and A : s : 28 : s
interpreted neap-spring-neap cycles are 9-10 days long and that alter- within trough of sand wave and is preserved as mud- Frequancy -
nate neap-spring-neap cycles are thicker and thinner, respectively. stone drapes (B, D, F).

Figure 5. A: Traverse two—all data. Power spectral plot of foreset bun-

. L dle thicknesses measured along traverse tw? (Tee FI?. fn).iB:Trafverse
e two- bordil T d. Power spectral plots of dominant flood-
GEOLOGY, September 2000 I r I kS S O n y 2 O O O tide foreset bundie thicknesses along traverse two (see Fig. 3B).
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Ryder’s cataclysm occurs at ty ;g = 3.9 & 0.1. Three vertical red lines in
the lower left indicate the 4.2 + 0.2 Ga estimate of the age of SPA used
in the three models in Figure 3. Ryder has assumed that the age of SPA is
4.0. Even if we assume Ryder’s tgp 4 = 4.0 Ga, Fig. 3 indicates that there
is no increase in the impact rate after tgp 4 (as postulated by Ryder) since
the slope of the cumulative curve is steepest at tsp 4 and does not steepen
appreciably after tgp 4, which is required by Ryder’s model. This is true
independent of the value of tspa. In the tspqg = 4.0 Ga model. Fig. 3
suggesis that if we accept the decrease in the impact rate from 3.9 to 3.7,
then the data suggests that the earlier impact rate is even higher shown by
the dlagonal red lme which is strongly inconsistent with the pre-Nectarian
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Figure 3. Estimates of meteorite-impact rate for first 2 b.y. of Earth his-
tory. Two hypotheses are shown: exponential decay of impact rate (dash-
es, Hartmann et al., 2000) and cool early Earth—late heavy bombardment
(solid curve, this study). Approximate half-life is given in million years
for periods of exponential decline in flux. In either model, spikes oc-
curred owing to isolated large impacts. Evidence for liquid water comes
from high-a'#*0 zircons (=4.4 to =4.0 Ga) and sedimentary rocks (lsua,
3.8-3.6 Ga). The cool early Earth hypothesis (solid curve) suggests that
impact rates had dropped precipitously by 4.4 Ga, consistent with rela-

tively cool conditions and liquid water.

e




&%ﬂ Eﬁg%ﬂnﬁ (Late Heavy Bombardment Perlod)
1. ﬁ #bﬁ%bf_EE 0)£I51't75\391.aif-l~§¢
(A, XE,roDERLRR) S>ADOEDORRK

2. A-#hEk EDERIFA40BEBELIYENEDHELN.
3. JL—3FHKE

=388 4 LIk (LB R AR LD B
4 MEOHEROH N [ L
RBRAOFEEER: [t

.~ - ~ o [T a4 B273 o *HL*E MEAE
BE>SaL—2a) B e
[ ' B B EE e

— NG PRELEE

Pz t20075y [ | e

($2-10%% Myr)




Ryyi0e=2.6, Schmidt-Housen scaling

2004 Iteration 04-01-19

2FEFEDE

(BT &~ THN "W1I BT ™~ "THN "1 BT &~ THN "W 87 &~ THN w1 8T S W

1 ERERADEN?

+ BEOHWSH
O KEOHWSiHE ;
® KEDHWSH A
0.1 L
ey | _m@
xg g ek
0.01} . BfMClass 17L—4— & & |
1o o N N i
B I e S W
i i ! . N
b Co L
L KBEOIIROENTE i
1 10 700
7L —5—1E&E(km)

X2 H, KE, kBEDOX&zufEkTcos L—
¥ —DH A4 Xonfh. a7 L — 9 —DOEE
=G T B

No. Craters/km?
3
T

108 I | | 1 1 1

— BOEWNY L— & — o Fo R T

0.001F e MBAS(IRAS)
X MBAs(Spacewatch)
+ MBAs(SDSS)
¥ MBAs(SMBAS)
R
0.0001F

| ]
A ﬁﬁ

Jﬂ.
f*‘ :

: < DNEAS[LINEAR)
RAEDH LWL — 5 —E o e 2T
AHI'CD%FJ?L,LV?L/ 5— f«Ei’E—JTLEIx?E{dS

v f ;A T
H ? ;

ke
1e-05F o . &

‘»
|

01 1 10

X6 7L—%—%2{F->BEEREKDOY A X nTmE
WED/NRE DA X0 DR, il iR
KOER (km), HEHIRIAOBEREE. C
CTIR/NEETRIEZRELTZ7 L—7 —»
bﬁﬁm@ﬁ43éﬁ$tt

v

"-—
= £ 2006&Y




“xne

* A héih Bk D &
CSEHA DR YMT”
*LHBLLRITIZAE

*%:E%:E*
E=nr-!
*ZLT=(E
WNCEY S
WNCEXI Y
/\k%’(b&(fm

A SN TLVEL

TERAABHLIDOMN?ELT--

(BT S~ THN "WI1I BT &~ THN "W1 BT &~ THN "1 87 &~ THN w1 8"

mzzBAT=?

EmEEFN TV =7

\FEA Ik 2

- |:||1 nIXFENFLIA
“Panspermia{i &t~

Iasn

Abramov&Mojzsis,2009

g
Life

=
=}
-
-
-]
Ty
-
i
=
=
L
-
Q
1]
=%
E

ttttttttttttttttt

that frrmad tha Mann akheast OG0 L 90 'R.-I}yr

g
‘|}r
iat




L 2ERT

' da — b’

OB

L.v:'!. 1= 3 h - e g L’v".

* REXREOFREBZEHRD
* Kz DERZERS

* DOV TIEON OBk B A DRIREIRS
¥ TLTFHEICBTAEMDUEDITZEIRES
¥ INbDIEEE, HhEEFLEEREDHADKE

BELLGS !
x MK EHIZZF, Bl D=

=SEDERE?

x —{EIZIROFEFAN?

‘y

e




i

[T o Nl CWYEST g™ TNl WIS T g™ "Nl WIS g Nl WIS g™ "Wl WIS T g Wl )

-
&
-
£
L

40 Hottest Cold Spots
Red Planet.

illion Years of Mars History.

* Impact Explosions, Volcanic Outbursts, 1. " :
 and Ancient Floods. “
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