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Constraints from buffered crater counting, /carus 195, 61-89

William K. Hartmann : Japanese School Adapts PSI Crater Count Dating System, Wins Prize,
PSI NEWSLETTER Vol.12, No.3, 6, Fall 2011

Alan Fischer and Bill Hartmann : Prize—-Winning Japanese Teacher Visits PSI, PS5/
NEWSLETTER Vol.12, No4, 2, Winter 2011

HBREMER :

O YRAFEHTI— b

@ YBDEMAEL+ PSI =2 —R L& — TR SN ARBEES
@ HYHOIEPPT GIADHERTERPSEZMIZETLTHD)

<fHERZED 1 (HAEMRERDOT V47— k) >
2015/11/27

2015 6 #hF EERET—L

R WA EE

SEE, RETHEOBEXTIRDELELE. UHBOBYVMELOBEL, ZORECH
TAHARRREEIT OO, UTOT U r— MIBXTLEIW. BT I —MEZhbEEL
T, LETECOWI @DV EZ RS THETT. HVDEEDEREBEVWLET.

1. b7R7E=07 SR EHRNIT OA OB 0©Oc 0ObD ) O%
2. HRTZIIEBEHIGHFETTD ( )
O XEFx @ rFbomlnikfiFEr @ Ebohind i @ KEHKW
3. bRI-OERFOMKEIL? ( )
O ETHIW @ YHohinitin @ EbonbnI LRI @ KRELIRD
4. HRIIIHENG X TTH ( )
O KREHFx @ Cbomelnokirr @ YhbhiWwilsi @ KREHV
5. HRl-OMZPOREZ? ( )
@ ETHEWY @ EhbméndiEtIny @ Ebbmen)iERN @ KEII W
6. SEIOHZEORELRIEFETIToRI LITHOWVWTIE, HEOFFRITR VD E L2 ( )

O THLBRIRST: @ EBoMEWV) LEEICoT
® YbHohnbnd ol @ SRRSO T
@, @ONIEARHIITHEB L
( )
7. SEIOMEDRELFFETITo12 2 EIZOWTE, IZEO#MIRIT/R D L1202 ( )
O ¢THLMHEITRST @ YHEbhbk\n) EEICRoTE
® EbbmEnd ErbRhoTk @ LRI RYT
®, @DONFEEBHIITEB L
( )

— 129 —



8. IN,LbHEONELEECRETIILEFELETH? ( )
@ LTHHLTDE @ LHLNEWVWHILEHETS
® bbbV HIFELRY @ 2RFELARV
9. bLABLHZEDOREALHETTORSPINEL, KO LD L IBANTEHELETN?
BEEE T ( )
BEINEEOER 2 AW THEETRELXITY.
HENNEEOER 2 AW TAARECRESLIT)
FEOHMZEONEDOHRESLRE R EERD.
AENDESTZ L THETREONEELRETS.
BREONF K> TAEKER L THEEBTHEREITD.
HMEONEDT A N O—MEEFETITH (BXMRLIEMEX).
HMFEONFICETIREDOY A= T A MEITS.
iz RBo3 b L, BAT~)
(RR—REHE)
10. SEOFETRIIKMMV AR, BEREZEHICERL T LEEW.
(RAR—REHE)
HOMREITEINELE.

CSECNCECRENCNS

<Tuir— hERHER>
&7 T ADOEEREEBLIIZEEE M: BF F: &¥)
WNEHESIE, RIEEES (OBMAEKTF) B

25 24 25 1 37 31 13
23 1 10 47 22 3

QAW N
»
wn

8 4 29 26 18 6 22 33 11

BR16.7.8. IZBLTIXAX S S 7 2B,

— 130 —



“SIEpN U0 Eitimis ﬁOSmOﬁT Y] A0S [fIm mUM&::um W[ SHIJUIO/STUSIRHL 10T T /A0 ) A0S VJ.m:.uL..:za:..u.>($5 sy

waﬂu AQ&{E JL .ﬁGON ut SH.HGHH DH wal MJQ,G ﬁCCN\r.CCN ut F_Ozﬁﬁm o) TRSQLL SEM3L A—rdm::: SRR uuxnw UOSHO[ WSV TNS 3P0 [TRIAL "SOILIOIRA JTDIRIUY (0} )LEM BONTREIOIHE 2101 10
- - g C . pa . =UU b B

pauuefd st norsst WMy afdweg s o1 spaq ae] AIpjuawipas
10 s3uiids joy owesjoa aq JyanE asay) winyal ojdwes 10] SIS 10]
21835 0] SUOTSSILW A[IR2 S} BUIST ST WRIF0L] J0A0AING SIEN 9]

YR TO $IIS SHOLILA
1B Supur] 210J9q 2onds Ul sIRaA UOIJTW [eI2Ads uads sMLI0djaUE
DY "$$0I00 WY OO ]-01 IOIRID B 2] 2ABY PINOA SOJLIONDU UL
O} FULYL-AL: OF §IR0st: St 31 108 LU0 QUIBY:SANLOSIAL QU3 Jey) SIepy o Sunoal jo apquden oedun wy - s[yi Sununy v Jo ADO[aA djzzw
UO SUONLIO] 2Y) AOUY 1, UOP 244 ‘A[RULY "S[IOS 10 SO0 AIRUWIPOS QY SN DAL UL 2IOUW ST YDIM D3$,Uny ¢ JO Ai0ofaa aduasa oy
SE 3T JO 2DUIPIAL WILIUOD O} AJINI] S€ J0U PUL SOOI SNOIULI {ju 3Je OBIL IS YOOI €SI Woj pardafa 0q 0, $98r pue $9Z1s SnoMea
Aoy} “I2A02I0N “JUSTHLIOHATD ST AQ PRIRUITIRITOD DIE PUE LU FUO] JO 12110 1ordWl SNOINUNY SUY S0VLINS SIERY ‘loedwul Lo S
€ Ieg] U0 U0aq 2ARY IS0 "saqoad ueniRwl B SO5RIURAPESIP [RI2A3S Yues 01 901 urnieiu furgouney Jo ojqedes ssacoxd punyen S[uo oy,

2aky saj1091ow ueiey jeurid o Jo ateunpd pue ASoj0ad o Apuys
: — ¢919H 189 ABUL pig MOH

PUR SIEJA UO 2J1] 2jenjeas 0 ABM 1524 21} 2q AW winyal ajduwies sIE]
.uwvﬂnﬂmcﬂdn

¢SUIMayY ajties pasN 3/ og AUM
URTLEIU D) UI PAINSLI Iapue] SUINIA 2U1 v

“SIRA UQ DY QSO OILLT "$ILIOMIW ISYIO UWE PIWIHJUOD A0U
‘sased paddun 252y ] IOLIDIUT § 2LI0IWL WO U
podden sosed
JOo wswaans
-~ gy FCC,E
SUWLD SIRJA UO PIIRUIGLIO SI1LI0DISWU ASOY] 1LY} QOUIPIAD DAISHIUOD DI ]
"SPIGI2ISE WOJY $3]LI0)2UE ULy sased pue oA JO S[UMuod .TJSMﬂS QALY
pue (83 10 PIo $1edA SUOHIIG ¢ 1) WFunoL 21e 2U0 NG [[V SPIOIAjse

"AB0}0a3 jed0]

Jo ECC%UST A} 0] Iaadsur Dmrwﬂ.ﬁm € wﬂ«./;w& IDASU Avtl ey \m.ﬂﬁﬁwmﬂ %umnm:m.qo © Yons pey sey 2jl091au 2y I,
"PRA[OSI 10U [[1IS ST ANSST AP ‘SAPIS Yroq Suntoddns elep MU YIIm ‘21eqap pue Apnys aSULIUT JO SIEK 2211

121V RLIdIRG [IET] 2IMETUTHE 91 YOO[ YdIyM samjonns Aur e
pue .Ddcuwcz 34 PINOD YOH[M SJRIDUIMIL OPINC puR ,m—uSSDQﬁEOU
JIUEBIO JO SIUROWR J[eUIs PAuUTRIUOD Yolfs saunjeradwo)
MO JB POULIO] STRIAUIL POPA]SUL 2UAPIAG LY T ' [OOPRH TV
NuodjwW uensew W agi pissoy apqussod Furpury pajrodax
SISTIUAIOS JS[ JO WL ' 961 U A U0 9J] JO 20UIPIAd
OU pulj PINOD NG [I0§ PUR SYD0I SIRJ\ pazAjeur SIAPUE]
FuyIA oY) SQLGT 2 BT CArolsiy siepy un Apies jses] je ajy
COQ&EL O} 2[qefiear 2Faa JEDY JIHRO[OA PUE I9jem Q:id.q it
10y awoy v aq 0] sjeued 1210 Sy JO AJ2yI] 1SOW 2Y] ST SIE

¢SIBIAl U0 31 N0y 1eym

awiy I2a0 aouds 07 sased 152S1] $3T FUIsof ‘yires] Jo jey) wolj

ApuaiaIfip A10a paajoas aioydsouwde SIBJA 1RY) MOUS Sased Jo saipmig Suuaipeam Aq poasned sAe]d pue
i P 1 ¢ . prg !

SI[ES OARY SISYIO B[IA I9jEA FUTUIRIUOD S[RIDUIW SNOAUTI 2ALY

QUIOS IR St‘ﬁ UONDRIMI JO 20UIPIAD IWOS MOUSN 8311103

SSEID atwosiey

5)

s

¢
O] SO s10oudl jvard4) o1 pasedwoo jeasaun s1 dnoss
SYL OOBHINS  SIBJA JEOU AR UMJOLU WIOX] PAZI[[BISAE ADU] "souoLea
IR 2AI] JO SYD0I $N0AUST 2T $)LIOSIOW URILILIE UISLNO] a

¢SII wioag A3YL 34y Aym

‘AF0[ouda] Aq papIRUN (LI UO POALLIE JBY] S3ILI0d}IW—
201105 pa0adXaun Uk Wolj $OW0I SILJA] 1N0QE VONEULIOJU] [RIMNID
Jopng Cyueyg o) ojdwies SICpy R PIUIMAI SO SUOISSIW 283)
JO 2UOU I2AMMOL] 6661 JO (T8 o) UL SIBJA 18 2a1L1e 0 pajoadyo
21e IIGI0) NRUWH]) pue mopurT dejod 34l siepy swddew mou
S1YDIYAL IDNIGI0 I0ADAING [RGOLD) Uoredwon $I1 pue /661 ULIDAQL

OpuR] IDPULIE ST} AIdM SUOISSIL ISI] Ay ] “siead om) A10A2

Bia1dsoulyY Siew

— 131 —

a0 jo Auvw QO>O>)CT~ .ﬂ@m SIEfA —UUNC.J.—XC it ;C J0j02 19; Dﬁﬂ
JO 2uOU MOYS [dIYM S320L Ae1d ae S2LIQVJAW URTMIEW Oy |

"AI0ISTY SIRIA IMOYSnoy)
20RJINS 21} WO parnodo spoedur] 08 siwdk woriu O] jnoge
(U PINUNUOD WSTHED[OA 1LY} MOYS SIJLOAW UL J$afunos
oY I9jealdyl U00S PWIEW € WOIL] PIZI[EIsAId 211102121
UETIBWT 15aP[0 AU ISTLUO puUe 2[JUL ‘100 SIRJA JO UOHPRULIO]
oy} yim ofe s1eak uolf[iq ¢'f suiSaq A10js o AI0jSIy  SIRy

NOYFNoY} SULLMI00 $a553301d JNOQE SO [[9) SAJLI0)WE URIIRIA]

¢SIBIN 1oLy S [19L ASUL 0@ 1eym

SISPUE] pue SIAGIO JO SOLIAS € PUIs 03 m:m‘?w Z:NAWOMQ uckma?mﬁm
SIRJA] OY T, "STIOS PUR $O0] PIZA]RUE YDIYAL SIOPULR] OA} PUR 90R]INS
atp) paddet YoryAL S1211QI0 0M} PEY SOLET Y T UOISSIUE SupyL

a1 1aueid paray) Jo 1ayieam pue £50[0ad 41 INOGE UONRIUIOJUT
o jo gonw papraotd sey siepy jo uwonerojdxa anoqoy

ISACIN i) SalL03NBIN

6661 18T

(¥ EkE VSYN)




PSI —a—2L#%—&b

ISR )

55}
T
3
-
~
B~

"CIENCE !s

NEWSLETTER

4

,,v\\w
S
&
x
~
-
<

,L

No. 3

2011 Vol. 12,

FALL

2 www.pstedu

72

‘Est. 19

Japanese School Adapts PSI Crater Count
U&S=W m.«\mnmbf Wins Prize by William K. Hartmann

In August, 2010, I received an
email from Yoshio Okamoto, a
geosciences teacher at Tonnoji
High School, affiliated with
Osaka Kyoiku University, in
Osaka, Japan. He was interested
in using the crater chronometry
system developed and used at PSI
since the 1970s to estimate ages
of planetary surfaces. The idea is
simple: the more impact craters,
the older the surface. Like many
simple ideas in science, the im-
plementation has been complex.
We calibrated our system by using
dates from rocks collected at

Japanese high school students

in Osaka use a measuring ) 5
scale to record diameters of Apollo moon landing sites, then

translated the whole system to

craters on Mars.

Mars. Starting in 2000, a strong
confirmation of the system came, when cameras on Mars Global
Surveyor and more recently Mars Reconnaissance Orbiter de-
tected craters forming on Mars at a rate very close to our pre-
dicted rate.

Okamoto stayed in touch, sending sample data and questions
from the Japanese students and, as he noted, the system is ideal
for classroom use.  Teachers anywhere in the world can
download scaled photographs of Martian geologic formations
from many websites and distribute them to students. Students
can measure diameters of craters in millimeters and convert to
meters or kilometers on Mars. By measuring the area of the pho-
tos, they can derive the number of craters per square kmin vari-
ous diameters. Using data from our PSI web site (www.psi.edu/
research/isochrons/chron04a.html), teachers and students can plot

their data on our “isochron diagram™ (bottom of page 2 on I
webpage) of the number of craters per square km versus cra
diameter. Their results can then be compared to our “isochic
curves that show the predicted crater densities for various ag
such as | million years (My) or 1 billion years (Gy) and the s
dent can read off the approximate age. The project is ideal 1
only for teaching simple geometric arithmetic, but also princip
of statistics (the more craters that are counted, the less the scat
in the diagram), astronomy,(the craters are caused by impacts
asteroids scattered through the solar system), and geolo
(younger geologic formations, such as new lava flows, are sup:
imposed on older surfaces, such as ancient river beds).

I received word in July that the students were off to present th
results at the international “Super Science High School™ confi
ence and competition among Japanese and Asian science i
dents, held in Kobe,
Japan. And then on
August 21, I received
an  excited email
from Okamoto that
the students had won
the Japanese Science
and  Technology
Master prize—Silver
medal—in the com-
petition. As the stu-
dents said, they have
apparently  taken

. The Japanese students presenting their priz
crater counting 10 a8 \iuning crater chronometry results at tl
higher level than any jnsernational “Super Summer High Schoo.
other high school in competition, August 11-12, 2011, in Kol

the world! Japan.

It’s exciting to see our work move from esoteric scientific jou
nals into distant classrooms, and we hope for additional intere
from more teachers. We stand by to advise and assist.

PSI NEWSLETTER
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PSI Sclentlsts Visit Fra

PSI scientists attended the Division of Planetary Sciences’” annual October meeting held this year in Nantes, France. Our
scientists, from Tucson unless otherwise indicated, I-r: Nalin Samarasinha, Joe Michalski {UK), Candy Hansen (UT), Susan
Conway (U. Nantes), Henry Throop (DC), Beatrice Mueller, Bill Hartmann, Julie Rathbun (CA), Tyler Nordgren (Julie's
husband), Paul Abell (guest from NASA), Keith Holsapple (WA) Jeff Morgenthaler (ME), Pasquale Tricarico, Tommy

Grav (MD). and Carol Raymond (guest from JPL).

Phasagraph by Her

You ng Clay Layers on Mars Continued from front page

“We discovered locations at Noctis Labyrinthus that show many
kinds of minerals that formed by water activity,” said Weitz. “The
clays we found, called iron/magnesium (Fe/Mg)-smectites, are
much younger at Noctis Labyrinthus relative to those found in the
ancient rocks on Mars, which indicates a different water environ-
ment in these depressions relative to what was happening else-
where on Mars.”

Smectites are a type of clay mineral that readily expands and con-
tracts with adsorbed water. They contain silica, plus aluminum,
iron or magnesium in their structures. They form via the alteration
of other silicate minerals in the presence of non-acidic water.

~These troughs would be fantastic places to send a rover, but un-
fortunately the rugged terrain makes it unsafe both for landing and
for driving,” Weitz said. She and her co-authors identified the
same sulfates and Fe/Mg-smectites in the Noctis Labyrinthus
troughs found elsewhere on Mars, but the progression of minerals
over time, from sulfates to Fe/Mg-smectites, indicates a reverse
order relative to what happened globally across Mars. Conse-
quently, these two troughs are unique and could have been more
habitable regions on Mars at a time when drier conditions domi-
nated the surface.

The study was funded by grants to PSI from NASA. the Jei Propulsion
Laboratory and the University of Arizona.

Planetary Science institute
NEWSLETTER
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Prize-Winning Japanese Teacher Visits PSI
by Alan Fischer and Bill Hartmann

Yoshio Okamoto, a Japanese geophyscist and teacher, visited PSI
on December 9, 2011. Okamoto adapted PSP’s crater-counting
technique for dating Mars to classroom use, and his class at Ten-
noji High School won a silver medal in an international competi-
tion (see PSI Newsletter, Fall 2011). The school is attached to
Osaka Kyoiku University. Okamoto, with PSI's Sanlyn Buxner

and Thea Caiiizo, discussed PSI's Education/Public Qutreach pro-
gram and possible joint efforts.

Yoshio Okamoto (at left and
below) shows PSI research-
ers Thea Cafiizo, Sanlyn
Buxner, Beatrice Mueller,
and Bill Hartmann his three
~dimensional mapping of
earthquake epicenter loca-
tions.

iPhoagriaphs by Alan Fischers
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Two themes of today’s talk

1) How to estimate the
surface age of Mars.

2) Is/was there life on Mars?

with our geoscience club

ground

“Martian chronicles” is a famous
science fiction novel in 1950’s.

Of course “Martian Aliens” become
an illusion today.

Instead aliens, many

data from satellites

allow us to compose

vs-

activity---. “The New Martian
Chronicles” using
“Crater Chronology”
P gy wanrwnL —
. This is today’s story-----.
R s 8
Crater Chronology:principle

'+ Basic idea by W. K. Hartmann in 1960's
.« The principle is quite simple!

A ing-surface-is-old-

i Home Page

from 2011 $SH summer meeting presentation

What is Crater-Chronology?

William K.Hartmann (PSI) first developed

isochrones diagram for the Moomn.

>The Ay © - eidig e %
e o 9 . {=3 2 o a
result® © ° . @g .
o o o
° o - °
o
e @ . ©
@ .. 2.

Motivation

;Confirmation of “Crater counts”

©UA Traveller's Guide To Mars”
vy Williar B, Hartmany, 2003

“Yhe Ma
24

After some simplified assumptions, he
completed an Isochrones chart for the
Moon in 1960’s. From it, he estimated the
surface age of “Luna maria” as 3.6 Giga
years“HO@mn3eEELRY"

Five years after, the Apollo mission
brought back many moon rock samples
and confirmed the reliability of this method
by measuring the radiometric ages of
these rocks.

S g

P
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“Fractal behavior” in Nature

N fie famous
Earthquake size vs. frequency
Japan area 1961-1999 M>=5.0
\%A
MA :
o B i M{magnitude)
z ‘\A =~ loaglEnergy)
g : .
g ‘\4. - logisize)
H k&
M inging =g+ bW
By : Wherse b~ -1
2 ]
ud .
A aa Unpredictability
. . .
for major parthesigls
M : N“

%Exercise 1: Crater counting; NMoon

Photos from

counter ina

;Next step: Apply to Mars

The difference between the Moon and Mars
o hmgr
*The rate of asteroid impact flux:
Mars is closer to the main asteroid belt.
*Impact velocity: Gravity and Atmosphere:
Mars has strong gravity but thin air.
*Weathering or Erosion by water or wind
Mars has air and once had water
(ancient era).
Dr.Hartmann calculated those effects and
finally completed his “Isochrones chart
for Mars (Hartmann, 2005)”.
Wars (Hartmann, 2005 g

The Hartmann’s diagram for Mars

o D81 eduireszarchiisaohirons/chronG

Fram

220e Recres g3

Crater size histogram

0 ¢ N
o ™ L ~>" isochrones” for
o iy Mars surface ages
B3
\‘\v
N TN
N
= S\ N SSH team(Chigaku-club)
" T ‘used this diagram at first a
oty : s high school students..
RS : i
R e —
Diameter M

o log scale is essential.
& highland

Crater Chronology {on Google Mars)

|
|
|

|2nd. Questi

o Which surface is old?

s

o057\, .
O:luna maria
\4\ A besutiful linear relation
e is appearad,
\\\;
N\ “Power law distribution”
B . .
. -=" A finger print” of
5 85 23

' 5 % Eifmta% g g

relative diameter ' T ‘ v a




Mars counting; Part1(regular classi) & Preparation for measuring

Measuring by ruler
and counting
craters of each

’\

Htgh resolution images; part 2

By geocience club members = BSH toam
From Mars Reconnaissance Orbiter (MRO} Website

BUBCTROMAGNETIE SRECTR

Séarching young surfaces (<1Gy )

z

RSN F 3 FALY - [RVED
2ROFLLFHRE

3rd. Gist: Why they search ymmg surfaces

E
Nr\_Cratnr/kl‘ﬁ

Crater
density
D

104

x mola
Slheds
shaded relief :

i .
¢ Erosion or resusfacing

il
G s makes isochrones

mola 2
complicated.

Bl REBEIH,
FHREEHITE.

12 4 8163264 128km

2 4 B 163264 128m
Size in diameter  sL—somiE
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70 million vears

A S 010662-1751
1w » Rl

Dameter

100 million years

D

@ . ESP_011664_2015
o R AUNLB OIS E T

6 St s oty 208wt

PSP_004306_1980
™ Q tharsis®/hkibl

Digmeter

. Results of our exercises

* The estimated ages of surfaces, young
lava flows, volcano flanks are fairly
consistent with the previous works.(eg.
Hartmann,2005)

* The counting of these sites are easily
carried out by high school students,
without special trainings. And also our
exercises may be the first attempt by
high school students in the world.

* The process of plotting data strongly
inspired our students recognizing a
clear relation between sizes and

frequencies.- -

Our SSH team won “The Silver Medal”

at the Kobe SSH summer meeting 2011

Next theme:

2) Is/was there life on Mars?

Also, the “crater counting
technique” is used for this
theme;

Discussion:

Q: Are the estimated ages true?
A: Human exploring operation
for Mars has not done yet.-----

Fortunately, we already have
some : : 1

4% Question:
Why? Do we have these rocks?




~ How Did They Get Here?

5*" Question:

%Applying “Crater Chronology”(C.Fassett et.al.,2008)

Nevertheless, extremely

low possibility,
a lucky event occur!

Serendipity!!

M‘
.

Caleb |. Fassett, James W. Head Il :The timing of martian valley network activity:
T emtns o vl e
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Why Are They Mars Origin?

. kLT N
1) They are igneocus rocks.»The group is
unusual compared to typical meteorites
from asteroids.
2) They are younger {1.3 Gy old or less} ;
meteorites from asteroids: 4.6Gy
3) Higher contents of water and gases.
4) From the measurement of gases
trapped in meteorite’s interior; >these
trapped gases match the composition of
Martian atmosphere once observed by the
Viking lander. g

P

What About Life on Mars?

Their evidence: 1) Minerals contained
small amounts of organic compounds,
2) Oxide minerals which could be biogenic,
3) Tiny structures which look like
miniature of Earth bacteria.

However, the controversy still cws'-—.

Alba Vul
Age, =382 TN

4

Diameter km)

— g

Crater chronology reveals: most of
the river-network of Martian surface
are relatively old rather than
thought before!

—This shows a possibility of early
fost of huge amount of water from
the Martian surface.

&% Ost.: Which does it mean for the
Martian life or its evolution;
optimistic or pessimistic?

ey g

P
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Modern research show a low ~ Appendix 1.complicated Isochrones

Mars!

However, our SSH team may
change this pessimistic view for a
good direction!

»y
P

@ Members of Martian crater project " @ﬁ\terestmg resu]ts PR ZE SR

N

o, Crstoimnan’

mid to large craters wi
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OkonomiyaKT Hypothesis FHiF#4 5

3 37
Mysternaus is¢

onclusions: by SSH crater team

Mars has not died out,

but still Alivell Activell

Martian water has not dried up,
but remains as ground icel!

Our results will be confirmed in 2030’s
by the future human space missions
toward Mars!

We, “crater boys and girls”, are looking
forward to hearing “The Big News g
confirming our hypothesis!!” g

Problems about crater counting:

23

1. Were the flux rates of asteroid impacts constant during
the history of the solar system?
-> No: The Late Heavy Bombardment Period {LHB)

2. Are there any weathering on Mars surface by sand storm

etc. -> Yes: the older craters are eroded or exhumated.

L on o KB 8B
3. Apply to another planets or asteroids
Mercury surface trial > o e
et
=
&~ -
.
B . T
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Epilogue--s-mmmmmummun

After the meeting, | reported the result of our SSH team
to Dr. Hartmann who had advised our team of his approach.
He invited me to his laboratory that December 2011.

Because | attended the AGU (American Geophysical
Union) fall meeting at San Francisco in December.

San Francisco to Tucson, PSI (Planetary Science
institute) his office, is only 2-hours flight.

Therefore, after the AGU meeting, | visited his office and
discuss the application of his approach to apply for high
school education and outreach,

All payments for hotels and meals during 3 days of my
stay were all taken care by PS8l and Dr.Hartmann.

S pg—

ANanprofit Corporation

Bill Hartmann's
Howme Page

harsmann
@psi.edu
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- Special thanks to Dr. Hanmanﬁ "

and geoscience club member 2011
Nae Nakajima
Syuhei Kobayashi
Chizuru Ozawa

Thank you for your attention!

*The true ages may be brought in the future.

“Also, Martian life will be confirmed!

*Until that day, | hope!, will be still aliveTiw—
P
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A Geoscience Class lectured in English Part2

—A New Martian Chronicles—

OKAMOTO Yoshio

Abstract:
Through 15 years career of our school, I have participated in many international
conferences on geosciences, therefore I keenly realized the importance of English as
an official language for the natural sciences world. However, for the most of Japanese
science teachers and high-school students, there is a high wall using English on
practical classes or going abroad to attend international conferences. In this regards, I
have tried to use English as a lecture language in my geoscience class since five years
ago. This year, I planned an English lecture for ordinary “Basic Geoscience” class of
the 2-nd grade. The lecture using a Power Point Presentation was carried out with full
use of English. This lecture consists of three themes; 1) Crater chronology on Mars
2) Possibility of Martian life 3) Our geoscience club activities. Through this class, our
students learn that 1) Mars as a brother planet of the Earth in the habitable zone of
our solar system 2) Primitive approach of science method can reveal the secret of the
outer planet 3) The importance of English as an official language in natural science.
The evaluation of this class was examined with a questionnaire just after the class.
The purpose of this class was positively evaluated from the questionnaire. The outline
of presentation, resumes and resources of above class are attached as an appendix of

this manuscript.

Key Words: Mars, crater, meteorite, surface ages, Hartmann diagram, senior high-

school, English
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