ABRED—NT -2 av
H&

W H kg
0—R—iZk% 7L —F—th IR/

A AR BTR ) e ee s s e ettt ettt ca e et e et st et te e rareas 1
HAEZDHBIZHB T 2ERM TS ORE

AMTHER A R ER LR E L (NASDA) A ES . BB (RK)oeeecarreiarana 31
AOTF & Wz IRA - < 7 D5 NIRE

T (B A ) v oo v s v ononeenasantnonsassousosuosesosssosesoseassossososonanssnanas 39
Ao kiRt

gt RITER P R ZR, FILHE - (NASDA) reerrrcrrrcertcieresienrecieneae 55
MO— 257 A
N H IO — 2 SO BESRGET

jﬁﬁm“ﬁ](ﬁga%$(ﬁ)) ......................................................... 63
A~ 7 00— DIRE

ZLRHZE (CFHEM). BREER (BIRR) BHREE (P RR) ceeerrereriariiniiiiiiiiaiana 73
MRIBED -2 RT3 ZODOHFETONT

ﬁi“l%}ﬁ\ﬁﬁf$)\\1‘ﬁiﬁﬁﬂﬁu(NASDA) ................................................ 83

W — N
EAREC B D H R ORFAT

A (H AT THE(BE) e v v v rererr e at it ia ettt eiat et tiatasesisienans 97
AERED— S — QT AT 27 5 A Ay 7 AMER

R ILIFIHT (FT A ) e oo oo v tonnsneonosesnusnonarososnonesssnsasessnessrssnonsonsnsssess 107
FEBERER L 3N F —EE D A7 L OESRE

BT IE . {42 AHE (ST ) » o v oo v e mesnsnnnsusuonsesoniotoniososeensnsosnssnseuenss 193
H i 0 —/ 3 DEITRER A B9 5 B

IR ET R Sl FEES — CGRREA) | 13 R A BBl — (NASDA) + o reerrenrenennecnns 139
Bo—NERfxVeyas
Bl 1 Ey0—S—

JE SRR ) AR B AR BB TR ) e v ee vt 147
O—OREI L7 b

T IR (INASDA ) v - s vsserrmm e ian it ie ittt e itatattsaittestsunntnassnnavsass 149
A 0~/ Micros

AR 2 (T BEEE (BRER) B (SRR cereereriniriiniiiiienienen 155




TH—N—ICkBI -y —FhREKA]

EexK & AEO—N—HRIIN—T

hHREIERDAEEAND [Z]
99-11-30
M

Tompkins and Pieters (1999) Meteoritics & Planetary Sci. 34, 25-41.
Pieters and Tompkins (1999) 1. Geophys. Res. 1@4, 21935-21949.

(o})?riut SRS




.“\
l,—:,” E \:;;( P‘m .
¥
Al

I—F—hREREICLIANBYHORZE (k< ARf)

M EHE

1 EESokmiEEOHRE (FA3PREVY) 2R/ DO 10—9 -0, ARFERD
R ISV D km-$km) it S ICBRET S,

2 JL—5—R"EBERD (BE) PROBRELTI., 9kIASOFYUIL—3
¥, SELENE-ITHB oMU E— /o 3K T — 9 Deroundtruth% i85 &
WHEMLH S,

3 [EA (ER) hASOSRBRAICEY. PREOBBETD. SELENEALEOTF—
FERTELT,. S6REBEOI—~7 v MESEERET S,

4 Hleemh SBkmOBBHTHIRELVEE - BTFLTOLIEGDEE.TL. BA
BOEREEZRE - B TS5, BUSBEOSATERENATLAEELH S0,
MaxZA T, BAFMTEGRELTY. iAo, hRESMICERT S,

5 ATz LT, dRELGEMNUIOZ L —F—DY ASBORELETD. H
HDOTICHE - BTLTWABEAXEETILE0IC. H$AEOEBEBEOREEIT
3,

O—/A—#1 BOBROBMZITOREOERSE. PREOHEEL &L 3@
BELCT. TFPREZEE. T0H. FR--FHCHITT. UASMEEERE,



RAFEOEY ;

DS —EEROUADRICLY. PRECETEERSY Y FAMESEL,

Sy—S—thRFIFARS~OLDIE TE]
P—F—pREOMBEERBANTSIET. AOBRTHROBE/REREL.
RIIA— v »IPODBEBBEERATTNVICHNESZ 5.

bYERZE XTI - 1RAF -

< IVHEEE - TERERRERBRLTNS EEL SN DREEH DS0mEED
JL—F—HNHOBREFERICERE, YRELVEE - BETLTWSEROHBHE, 7
B O, PREFHORBESITD. BHMIE, Clementine, SELENEDGXET—%
TRE. Olivine-rich TV FIYHEBDONDIGAOERE (Mg-Fe rich, Co low
DT EHRME ? £ kT SBEOERE) .
ZL—F—thRF(L, B2AFRZOTHRENBE L TWSATEENE VD, 4
i< &H 2 A, WEEASIE3IARLULTHAEERTD. AEEME. EFOU E—
by FF—sEE N, BIFEROTEEZ, BREORRSET—2BIALT
RENICRET S,

OBAAE AT—i:

EhottEHRRE. GYEREE
FHAAZ (BGscale TIHEHESN. W/hscaleTIS- 108 KD 7 4 L5 —T)
APXS (EERLR)
T# (EEnHE - KR
BRI

&40 - whoHgERE
HESHMT TOSHREERRLTVWAERT
2. 1D HREEE THE (GHOVBREAFELLY)

I~ —REBTOPRE, JABOBEORRRE
LA (8F) a%hA>

dDHFEAH hROBGEBNPL, VANLEHS,

e S - - " . —



TEADEKIAB

a)BFEMSICBAT SER ¢
S L—5—NEBOFRICER, SXREB/ELEOBEL. BERLSBENES
&b, EFSekmZED S L—4— T3, EEISTE, BEAOREI DN,
O—N—ToORBMBEHFEO(EeemBSE. PREDESICHE. HEEOR
REBACHNILENSH S, O—"—BIE#S1mEl EATEEAIRSIE. BEH
REPFREDEIC. O—N—ERORELLD. FNBLESETLRE.

pYERRIM S BT S ERK ¢
PRENSHMIBL THEOTICESA>TWSEREHARD.
E5IC. PREMFEERS.

OBMPOAE LB :
L=y —NEBOBRETFROAEHITD.

IS ENIERE :
BHAOEEH (PREFE) O/HICIE. HEDRERSIEL-BmTLEL. VA
REGEOIBNEERT HHICIE. 20kmBEOB#NLE,

e) BRI S8 e & LTIE,
1 BEES
2 DPREMNED3 —4HFR
HERNRGE,
iz, UAR., 2L —%—ASOFEIC (SELENEOFAMS) FHRMNFHEEH
SIBER. L —F—-FENOH S,

R GREROVEN
o FEmESIRT SIS, O—/1"—OFEHEEOR EHARE,
EROEEER
200 (EY) BHHE BICRETIEICLYFHEREEBEZRIITWINE
EHAND) . BR10-20gBEEDEREBEL
SAROTIEEE . A EROBRBOLD
HAROFRAVIERGR - YMSERTIESTH, B2 THA3REE2HERD
WA XEBANDHIHE,



AR Al S
Tompkins and Pieters (1999)4& U

v INEAORELTHSAREOSVI L —F—
Copernics, Crookes, Keeler, Langrenus, Theophilus, Tsiolkovsky
TARTE - hiRE
L, REAELD EBTlECopernics, Langrenus, Theophilus

BIROTIETER, HEV LT =Ty FIEL,
Clementine Tld (< AD) LWAHRF—IHBONTHWEWREEEH S,
SELENED T —# i3 SRt s e C 13 7A,

FRERE

BTRERRIOkMBLED YL —2 211, REEHEET S,
Zhit, 7L — S-SR, TRHAUNRD L RFLTHERENE-HO T,
fRFiClk. BORBOERFHSHATWVS,

W EEEIP T LA o COBH (REIXNT ML) (040, PREOMERIEERE
BE-oTWT, BOTLHEHEROSRYVEELAY, BAICL-> TR, > RVl
BERRTZ2AL5-REEHETIERITMEL TV BAIESIFV,

TL—A2—REOBETRICEE LT O—/Nic & 3hRFFE
ThETFICLTVEW, AASBOY T EBET S Z & HFAJEE
BELEZE—FT v b

TobNERRTIHZ A
MgMg+FeDIEVWERERER (7734 — 2 v - DOf1EHLE)
AL BB, v/ — v 2ORLICEE

F1%7 R P AHIE T R




Witz 27 Qa7 - 4% —

formed or the southeast rim (right-hand side) in an area that was 1opographically high before the im-
pact occutTed. A smoath-susfaced pool of impact melt near the 1op left probabiy fills 8 preexisting crater
that is mantled by King ejecta. Apoflo Hasselblad photo AS516-122-19580 (H).

Bz 15km © “King ! g7 -

Fig. 8.3 Prak-ring craters on the moon, (a) The 175-km diameter crater Compton
ot the moon s transitional beiween central peak craters 2nd peak-rings craters: it possess one of cach,
Lunar Orbiter Phoiograph LO ¥ 181M.
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Fig. 8.14 Schematic illustration of the formation of complex craters with either (a) central peaks or
{b) peak rings. Uplift of the crater floor begins even before the rim is fully formed. As the floor rises
further, rim collapse creates a wreath of terraces surrounding the crater. In smaller craters the central
uplift “freezes™ to form a central peak. In larger craters the central peak collapses and creates a peak
ring before motion ceases.
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peaks ol four large impact craters, For all specira the red, sloped lunar continuum has been estimated (a straight line from abowt 0.73 to 1.6 umy ana removed
t allyw comparison of the superimposed absorption bands Yertical lines arc drawn at 0.9 and 1.0 um for companson of the subtle differences between band
centers ldentificanon of the dominant rock Lype present is determined from the charactenstics of the mafic-mineral absorpiions near 1.0 um (see sections 621
and 65} Lunar materials with no measurabte mafic mineral absorptions are anorthositic (<5% mafic minerals) and are shown In yellow. Matetlals that exhibit
an absorpiin between 09 and 0.94 pm contain a mineralogy with malic mmnerals dominated by low-Ca pyroxenes. These materials are nontic and are shown
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these are shown in green. {b) This image shows the vanation of composition with depth #or the lunar highiand crust as exposed in large impacl craiers. and
rhserved spectroscopically using Earth based telescopes. The map perapective is the same as Fig. 11017 (showang the Moon as observed from Earth-based telescopes)
The depth probed by the craters is estimated as one tenth the craier ¢iameter. and a scaie fur the estimated compositional strangraphy implled from seweral
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Fig. 1. Coior composite images with red = 750/415 nm,
green = 750/950 nm, and blue = 415/750 nm. (A} Co-
pemicus (93 km in diameter). For ease of comparison, the
color mosaic is presented as a mirror image of a full-
resolution 750-nm mosaic of the eastern half of the cra-
ter. (B} Tycho (85 km in diameter). For ease of compari-
son, the color mosaic is presented as a mirror image of a
full-resolution 7560-nm mosaic of the western half of the crater. (C) Giordano ~ image. The numbered areas are locations for spectra showr in Fig. 3C. The

2runo (22 kmin diameter). The image is produced from a single frame setfrom  uncelored portion of the color composite indicates the relative amount the 415-
orsit 130; the color composite is shown below the full-resolution 750-nm  and 1000-nm frames were shifted to be co-registered with the 750-rm imags.
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PIETERS AND TOMPKINS:

Figure 4. Mosaic of five orbits of photometrically comrected re-
flectance images at 750 nm centered on Tsiolkovsky, The stan-
dard geometry is /=30 e=0°. The orbits used for these data are
{left to right) 234, 121, 253, 120, and 252. Fields of view for
these orbits are 60 km (254, 253, and 252) and 40 km {121 and
122).

CRUSTAL PROCESSES ON THE LUNAR FARSIDE

21,539

Plate 1. Color composite mosaics of the five orbits of
Clementine UVVIS data centered on Tsiolkovsky shown in Fig-
ure 4. The color assignment is red = 750/415 nm, green =
750/950 nm, and blue = 750 nm. Mature highland seils appear
red, anorthosites appear deep blue, and both noritic anorthesites
and olivine/troctolites appear turquoise; basaltic soils appear yel-
low, and fresh basalt appears bright yellow.



Plate 2. Color composites of the central peaks and southern rim of Tsiolkovsky. Width of each frame is 60 k
Shown are (a) color compasite of the central peaks using the same assignment as shown in Plate 1 (red = 750/4
nm, green = 750/950 nm, blue = 750 nm), (b) color composite of Tsiolkovsky south wall with the same color
signment as in Plate 2a and Plate 1, (c) enhanced color ratio composite of the central peaks combining informati
in four bands to highlight distinctions between mafic-rich areas (750/900 nm = red, 750/950 nm = blue, 750/10
nm = green), and (d) same as Plate 2¢ except red = 750 nm (albedo).
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FiG. 7. Example spectra for cach central peaks lithologic category. These
data have been normalized to 0.75 #m to emphasize the shape and strength
of the mafic absorption band. For spectra of rocks that are believed to be
comparable to noritic anorthosites, gabbroic anorthosites, and troctotitic
anorthosites, mafic mineralogy is ambiguous and is therefore grouped into
two general categorics correlated to plagioclase abundance ("GNTAL" and
"GNTA2").
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FIG. 9. Map of central peaks lithologies superimposed on the crustal thickness model of Zuber ef a/. (1994). Symbols and colors for non-anorthositic rocks were
selected such that a single color is correlated to each dentifiable mafic mineral (olivine, high- and low-Ca pyroxene, and an intermediate pyroxene composition),
and that the intensity of the color—as well as the size of the symbol—increase with increasing mafic mineral abundance. This scheme indicates the presence, but
not the abundance, of multiple lithologies within ach crater’s central peaks. Global and regional trends in composition are discussed in the text.



Mineralogy of the lunar crust: Results from Clementine 27
TABLE 1. List of impact craters for which the central peaks compositions have been identified, along with compositions.
Crater Latitude  Longitude  Diameter Age Setting Peak lithologies Clementine
(km) filename
Aitken 17° 8 173.5° 118 Ul highland A, GNTAI, GNTA2 Tub1490h.237
Alphonsus 14° 3 3570 119 N basin A lub2746h.037
Appleton 40°N 158° N highland A lub4870m.110
Aristarchus 23.5°N 312.5° 40 C basin GNTAIL, GNTA2 1ub29901.186
Anstillus 34°N 1.5° 55 C basin GNTA2, AN lub3372m.168
Aristoteles 50°N 17° 87 E basin A, GNTA2, AN lub4489n.294
Arzachel 18.5°§ 358° 97 Li basin GNTAL, GNTA2 lub2560h.037
Atlas 47°N 39° 87 Ul highland GNTAL AG lub5146n.152
Ball 36°8 351.5° 40 unknown highland GNTAL lub1815£039
Barringer 28°S 209° 69 N basin GNTAI, GNTA2 lub2185g.091
Belyaer 23°N 143° 51 unknown basin A, GNTAIL lub31101.248
Berkner 25°N 255° 95 unknown highland A, GNTAL lub32641.207
Bernoulli 35N 61° 47 Ul highland A, GNTAL lub3646m.278
Bettinus 64° S 315° 82 unknown basin A, GNTA1L 1ub0943c.052
Bhabha 5558 195° 78 unknown basin AGN, AN, GN, G lub1266d.096
Birkeland 30°S 174° 85 E basin GNTA2, AN, GN lub2343g.104
Borman 39°S 211 55 LI highland GNTA2 lub1951£.090
Bose 55°8 180.5° 94 unknown basin GNTA2, AGN, AN lub1295d.098
Bridgman 43.5°N 137° 94 unknown highland A, GNTAL lub3861n.250
Builialdus 21° 8 338° 61 8] basin GNTAIL, GNTA2, AN, N lub2774g.044
Birg 45.5°N 28.5° 40 C basin GNTA2Z, AN lub4115n.280
Campanus 28°8S 332° 48 LI basin GNTAI, GNTA2, AN lub2460g.046
Cantor 38.5°N 119° 75 Ul highland A, GNTALI lub3740m.257
no 1.0 pm image
Carpenter T0°N 309.5° 60 C highland A, GNTAL lub6202p.318
Compton 56° N 105° 162 L1 highland A, GNTAIL, GNTA2 lub43020.262
Copernicus 10° N 340° 98 C basin GNTAL,GNTA2, AT lub3706j.043
Crookes 10.5° S 195° 50 C highland GNTAILGNTAZ, AT lub1769h.229
no 1.0 j#m image
Cyrillus 13.5°8§ 24 93 N basin A lub2%69h.159
Daedalus 05.5°§ 180° 100 LI highland A lub3343i.102
Delporte 16° 8 121.5° 40 unknown highland A lub1340h.256
Doppel-mayer 28.5° 5 319° 65 N basin A lubi694g.183
Eichstadt 22°8 282° 45 unknown basin A, GNTALl lub1469g.197
Einstein 17°N 288° 48 unknown highland A lub3921k.333
no 1.0 2m image
Eratosthenes 14.5°N 348.5° 58 E basin A, GNTAI, GNTAZ, AGN lub2177k.305
Eudoxus 575°N 16.5° 67 cC highland A, GNTAI, GNTA2 ub4225n.294
Fabricius 43° 8 42° 78 E highland A,GNTAL, GNTA2 lub182%e.152
Finsen 42.5°8§ 181.5° 87 E basin GNTAZ2, AGN, AN, GN, N lub1482e.101
Fizeau 58.5°8 224 5° 110 unknown highland GNTA2, AN lub0900d.085
Gassendi 17.5°8 3206° 110 N basin GNTAI lub2850h. 183
Hahn 31.5°N 74° 84 LI hightand A, GNTAI lub4618m.141
Hale 74° 8 90 85 unknown highland GNTAIL, AN lub0616b.134
Hayn 64.5°N 84° 87 C highland GNTAl, GNTA2 lub4829p.270
no 1.0 #m image
Helmhoitz 69° 8 65.5° 110 unknown highland A lub0645¢.143
Hercules 47°N 39° 68 E highland GNTAL lub41i3n.286
lub4146n.286
Hubble (Plutarch A}  22.5°N 87° 82 N highland A, GNTAL lub44991.136
Jackson 22°N 197° 71 C highland GNTAI, GNTAZ2, AGN lub30471.228
lub30781.228
Joliot-Curie 26°N 93.5° 143 PN highland A, GNTAL 1ub29771.266
Keeler 10°S 162° 132 LI highland ALAT lub1831h.241
King 06° N 120.5° 77 C highland GNTA2, AGN lub2081j.256
lub2112j.256
no 1.0 um image
Kirkwood 69° N 123° 70 E highland A lub4768p.226
Kovalev-skaya 3I°N 230.5° 109 Ul highland A, GNTAL, GNTA2 lub3270m.216
La Pérouse 10.5° 8 71° 1] unknown highland GNTAI, GNTA2 lyb3285h.140
Langmuir 36.5°S 231° 85 unknown highland A, GNTAI1, GNTA2, AGN lub1845£083
Langrenus 08.5° S 61° 132 E basin GNTAL AN, T lub1757i.278
no 0.95 m image
Lansherg 01°s8 333.5° 20 Ul basin GNTAL, GNTA2, AGN 1ub3639i.046
Leavitt 46° S 219.5° 80 unknown highland A, GNTAL, GNTA2 lub1457¢.087
Leuschner 01.5°N 251° 42 unknown highland A, GNTAL lub3734j.076
Lindenau 33°8 25° 55 unknown highland A, GNTAL, GNTAZ2 lub1427£.027

— ]8 —

no 1.0 #m image
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TABLE 1. Continued.

Crater Latitude  Longitude  Diameter Age Setting Peak lithologies Clementine
(km) filename
Lobachev-sky 09.5°N 113° 62 Ul highland GNTAIL, GNTA2 lub2505j.259
Lodygin 18°8 213° 50 unknown hightand A lub1355h.222
Lowell 13°8 257° 66 C basin GNTAI, GNTA2, AG lub3145h.074
Lyman 67°N 162° 90 8] highland AN, N lub0802¢.108
Mach 18°N 211° 155 unknown highland A lub2956k.223
Manilius 14.5° N 9° 40 E basin A lub2798k.297
Maunder 14.5°8 266° 55 E basin GNTAI, GNTA2, AG lub1685h.203
Maurolycus 42° 5 13.5° 137 unknown highland A lub0889¢.295
Mendell 51°8 250° 160 unknown highland A, GNTA2 lubl564¢.076
Miiler 39°8 1° 68 unknown basin A, GNTA1 lub0707£.168
Millikan 47°N 121° 100 N hightand A, GNTAIl lub3879n.256
no 1.0 xm image
Morse 22°N 185° 62 E highiand A, GNTAI lub43681.100
Nansen 81°N 95° 116 N highland A lub5178r.266
Neper 09°N 85° 139 "N basin A, GNTAIL, GNTA2 1ub2475j.269
Newcomb 30°N 44° 40 E highland GNTAL, GNTA2 lub4712].152
O'Day 31°8 157° 61 C basin A, GNTAI, GNTA2 lub2328£.110
Ohm 18°N 246° 64 C highland GNTAL, GNTA2, AG lub2701k.210
lub2732k.210
Olcott 20.5°N 118° 67 E highland A, GNTAL, GNTA2 lub29961.257
no 1.0 um image
Crlov 26° 8 185° 61 unknown highland A, GNTA], GNTA2, AGN lub2476g.100
lub2507g.104)
Paracelsus 23°8 163° 71 unknown highland A, GNTA1 lub2538g.108
Philolaus 72.5°N 327.5° 71 C highland A, GNTAI lub4985q.180
Piccolomini 29.5°8 32° 83 Ul basin A, GNTAL lub2431g.156
Pitatus 30°8 346.5° 101 N basin A, GNTAI lub2063£.041
lub2094g.041
Pitiscus 51°8 31° 90 unknown highland A, GNTAI, GNTA2 lub(501d.156
Plana 42°N 28.5° 44 unknown basin A, GNTALl lub3983n.290
Plinius 153.5°N 23.5° 43 E basin A 1ub4085k.159
Plutarch 245°N 79° 68 E highland A, GNTAL lub44731.139
Posidonius 32°N 30° 95 ul basin A lub3803m.289
Pythagoras 64°N 287° 130 E highland A, GNTAL lub5027p.059
Robertson 215" N 255° 88 C highland GNTAL, GNTA2 lub31091.207
1ub31401.207
Rydberg 47°8 264° 50 E highland A lub1380e.071
Scaliger 27°8 109° 78 Ul highland A, GNTAIL, GNTA2, AG lub2539g.128
Schjellerup 70° N 157° 68 ut highland A, GNTAI Iuh35086p.243
Schorr 19.5% § 90° 48 ut highland A, GNTAIl Tub2691h.135
Scoresby 77.5°N 14° 56 E highland GNTAL lub5542q.295
Sharonov 12°N 173.5° 65 C highland A, GNTAI1, GNTA2 lub2699k.237
Slipher 50°N 160° 87 Ul basin A, GNTAIl lub1356h.265
Stevinus 33°§ 54.5° 75 C highland GNTAZ2, AG, AGN, AN lub2264£ 148
Stiborius 35°8 32° 45 unknown highland -A, GNTAL lub2214£.156
Theophilus 11.5° 8 26° 100 E basin A, GNTAL GNTA2, AT lub3237h.158
Tsiolkovsky 200§ 129° 185 Ut highland A, GNTAI,GNTA2, AT lub1420g.253
lubl451h.253
Tycho 43° 8 349° 85 C highiand GNTA2, AG, AGN, G lub1781e.040
unknown in Koroley  09°8§ 203° 57 N basin A fub1605i.226
unknown W. 46°N 118° 33 unknown highland GNTAIL lub4081n.257
of Millikan no 1.0 pm image
Vavilov 01.5°8 221° 99 C highland A, GNTAI, GNTA2, AGN lub33801.087
Vitello 30.5° S 323.5° 42 LI basin GNTAL, GNTA2 lub0955¢.182
Vlacq 53.5°8§ 39° 98 unknown highland A lub(0450d.286
Von Neumann 40.5° N 153° 95 Ul highland GNTAL 1ub4902n.112
White 46° S 190° 45 unknown highland GNTAZ, AG, AN, GN lub1770e.094
Wiener 41°N 146° 131 N highland A, GNTAI1 lub4956n.114
Zucchius 61°8S 310° 64 Cc basin GNTAL, GNTA2, AG, G lubl1067¢.054

Age: Approximate crater ages are presented where available. Abbreviations: PN = Pre-Nectarian, N = Nectarian, LI = Lower Imbrian, Ul = Upper Imbrian, E
= Eratosthenian, and C = Copernican.

Setting: As discussed in the text, craters are subdivided based on whether they occur in the highlands or within or near major impact basins.

Peak lithologies: Rock-type abbreviations: A = anorthosite, GNTA1 = gabbroic-noritic—troctolitic anorthosite with 85-90% plagioclase, GNTA2 = gabbroic~
noritic—troctolitic anorthosite with 80--85% plagiocalse, AN = anorthositic norite, AGN = anorthesitic gabbronerite, AG = anorthositic gabbro, AT =
anorthositic troctolite, N = norite, GN = gabbronorite, G = gabbro, and T = troctolite.

Clementine filename; The Clementine filename for the 750-nm image(s) used for each crater.
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Fig. 4.15. Lunar crater production rates through geologic time, as reconstructed from the measurement of crate
densities on the lunar surface and from absolute age dating of returned lunar rocks. As indicated in the text, firn
correlations may be reconstructed only for (1) the well-characterized basalt surfaces (3.8-3.2by. old) and (2) th
contemporary meteorite Hlux, based on current astronomical observations (t = 0). The terrestrial cratering rate applie:
to only the last 200 m.y, and the ages for lunar craters Tycho and Copernicus are inferred from indirect evidence. Craterin;
activity was clearly very high prior to 3.8 by, as indicated by the lunar highland rocks, but details of this bombardmen
history cannot yet be reconstructed. The absolute production rates refer only to craters >4 km in diameter (and an
expressed as number formed per km?). Note that the inferred crater production rate differs markedly from the curw
representing a constant crater production rate around 4 b.y. ago (based on BVSE 1381).

James, 1981; Wilhelms, 1985). If the sample collection
were dominated by impact melts from a few basins,
the ages measured would represent chiefly the times
of basin formation, regardless of other crater-
forming events. In the Apollo sample collections, the
oidest basin represented would likely be Nectaris
(from Apollo 16}, variously interpreted to have
formed at 3.8by. (James, 1981; Spudis 1984) to
~39by. ago (e.g. Wetherill 1981). A large number
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of basins are younger than Nectaris (Wilhelms, 1984)
including Serenitatis and Imbrium, impact melts o
which are possibly present in the Apollo 17 anc
Apollo 15/14 sample collections, respectively.

All interpretations involving the presence o
numerous samples of basin-related impact melts if
the collection and the associated formation ages o
3.8-4.0b.y. require that several gigantic, basin
forming impactors collided with the Moon up Wk
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1.1 PURPOSE

The purpose of this document is e provide a
Recommendation tor Space Data Svstem
Standards in the area of proximity space links.
3 Proximity space tinks are defined to be short-
range, bi-directional, fixed or mobile radio links,
generally used to communicate among fixed
probes, landers, rovers, orbiting constellations,
and orbiting relays. These links are
characterized by shorl lime delays, moderate
(not weak) signals, and short, independent
SESSIoNs.
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Beamed RF Power Transmission System

DC to RF E:eam Free Space Reception
Conversion OIMING — Transmission RF to DC
Antenna

Microwave
Solid State devices
Electron Tube devices
Laser

Laser Diode Array System
(0.85 1 m)

Rectenna

Photovoltaic converter
(GaAlAs)



Transmitter/Receiver Size vs. Frequency
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1000}

Sqrt(At - Ar)

Near field approximation
At - Ar=a(Rc/f)?
o=-log(1-Pr/Pt) .

30 GHz

R : Distance (m),

il
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100 1000
Frequency (GHz)

f : Frequency (GHz)

At : Transmitter Area (mz), Ar : Receiver Area (m2)

Pt : Transmitted Power (m?), Pr: Received Power (m?)
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Fast wave device
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Performance Characteristics

« Microwave devices

Devices Mass Efficiency

TWTA(5.8GHz) 6.4kg/kW 50%

TWTA(30GHz) 6.4kg/kW 30%

Gyrotron(35GHz) | 3kg/kW 40%

Rectenna 0.24kg/m* 80%

(5.8GHz)

Rectenna 0.67kg/m? 60%

(30GHz)

CWC(1~10) — 80%
+ Laser devices

Laser 50kg/kW 40%

Transmitter

Laser PV 6kg/kW 20%

Converter
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Comparison of Efficiencies

Frequency | DC to RF ' Beam Free Space|RF to DC|Total |Input |Output

(GHz) (%) Forming  Transmission | (%) Eff. |Power |Power
Antenna | (%) (%) (kW) [(W)
%) |

5.8 50 80 0.8[10km)] 80 0.256 |10 25

30 30 80 32[5km] 60 46 10 460

30 30 80 9.4{10km] |60 1.4 |10 135

353(THz) |40 i 100[~10km] |20 8 5 400

- Microwave

- Laser

Diameter transmitter antenna ;: 10 m
Diameter receiver antenna : 4 m

Diameter transmitter dish : 50 cm

Diameter receiver dish : 10 cm
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~A 7| 4.6 0.06 64 150 8
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L— 8 0.003 250 0.2 2.4
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RAVOBERV AT L
- B
KEEE : 10kW
DC-RF #3227 A : MPM
(B3R F+TWTA)
EET TR : 10 m
(100 FFVAHEFIH 7 z2— X FT7L—7
¥ T T +AZ J5 m)EEE)
NT XTI
(7= "—THN, B TER)

* A—/\—
% EET] : 460W(5km)
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(Arm Equipped Single Wheel Rover)

% _EE}*EI%@T(J *‘I‘?nﬁé En t@bﬁé
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Fig.1 Arm Equipped Single Wheel Rover Fig.2 Rover model with a main body
and multiple detachable wheel units

1| pyeudo-5-dofl manipulater )

shoulter joine  elbow joint wrise join
gripper pseudu-5-dnf
- . manipylutor

- _‘\\\, \

CAE. \ e -
L ,ii}l o i i?% . ; b = '

. ;fy*’” ! . oot
wheel ... : kripper
. | ase (wheels Fig.4 Combined mode
Fig.3 Locomotive mode and Manipulator mode
Eibow Joint
105mm (Double Joint)
) Juomm .
b=
%
%, Coupled Tendon Drive
Shoulder Joint
>
Wrist Joint
3' i
Gripper *’
Torque Limiter -
Each Joint
(include the wheel joint) .

has a brake unit.
Whee!

o

FDM Coupled Drive

»

Fig.5 Mechanism of Arm equipped single wheel rover
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