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Snlit hsotlia~t 
A~c~liotical i l i r  a~trl  Sy~ict l  ~bllt.scrr~rr Overview 

General Rule 
Earth-based radar backscatter from the lunar terrae 

is 2-4 times that of the maria. 

The Largest (Most Conspicuous) Exception 
The terra along the northern rim of Imbriu~n Basin, 

the highlands that surround Sinus Iridum and crater Plato 
have (3.8 cm. 70-cin and 7.5m) radar backscatter 

that is comparable to, and sometimes weaker, the mare. 

Possible Geologic Scenarios 
o Pvroclastic Mantling - Gaddis et al. [I9851 and Zisk et al. [1977]; 
o Crvptomare - Hawke et al. [I9931 and Campbell et al. [2005]; and, 

o Rock-poor Crater Eiecta - Ghent et al. [2005]. 

Summan//Conclusions (Bottom Line) 
Rock-poor Crater Eiecta agrees with data and crater ejecta thickness models 
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S~ni thkoni ,~  n 
, Y ~ J ~ ~ ~ ) F ~ ~ I I  .\it+ tttlli . S ~ W L P  .\ jlt5i-tlflt Visual and Infrared Observations of Moon 

Montes Jura have usual terra behaviors at visual1IR wavelengths 

Unusual Radar Rackscatter Properties Along the Northern Rim of Imbriurn Basin 



Radar Observations of Moon 

/ Montes Jura have unusual terra behaviors at radar wavelengths I 
- 
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i;i r~ Lunar Orbiter Photographs 
~1 I\;!* f t ~ l i l  . + p t i ~ . i ~  : l ~ l l , ~ ~ ~ r l ) ~ r  Geologic Setting 

Lunar Orbiter IV Photograph 
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Smit t ~ \ r j n i , t ~ i  Lunar Orbiter Photographs 
Jvttti4~t!dl! 11 ir (!!?(! . Y p t l ~ . t ~  .!lli.*i7111fl Geologic Setting 

Lunar Orbiter IV Photographs 
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70-cm Radar Data 

New Arecibo -> Green-Ban k Bistatic Radar Observations 

Same-sense Circular (SC, Depolarized) Radar Image of Northern lmbrium Reeion 
U 

(3S0-60° N, SO0 W-I 0" E) Sinusoidal Projection - Spatial Resolution -500 rn 
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Smi th\oni;lrr 
Jy61fi~~l!ll/ ! \ i~*  l l ~ l t ~  .$pi i ip  . ~ J ~ ~ . G ~ ~ ~ ~ ~ ~ ~  70-cm Radar Dark Halo Craters 

New Arecibo -> Green-Bank 
Biskatic Radar Observations 

Same-sense Circular 
(SC, Depolarized) 

I Radar Image 

Sinusoidal Projection 
Spatial Resolution -500 m 
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Smit hconi ,~n 
A:rilir9?1i1l ,\ ir 1 1 1 1 1 1  .Sprt~c' : \ , I I I . ~ L ' I I I I ~  3.8-cm Radar Data 
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7.5-m Radar Data 

7,5-m Wavelength, Opposite-sense Circular (OC, polarized) Radar Image of Northern Jmbrium 
Spatial resolution 10-30 km [Thompson, 1978). Orthographic projection. 

Color Overlay of 7.5-m Radar on USGS Shaded-Relief Map 
(Lower echoes are purple or blue; Moderate echoes are green; High echoes are red) 

Unusual Radar Backscatter Properties Along the Northern Rim of lmbrium Basin 



Smit h w n i i l t ~  

,V(iiimrd /I ile llrllj .$pf~~.ip 3 f i t 5 ~ ~ r l ~ l l  70cm, 3.8 cm and 7.5-m Radar Data 

Sinus lrid lum 
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Optical and Infrared Data 

Mas 
(a) FeO Wcight Percentage I Lucey ct al., 2000a], ( b )  ' f i 0 ,  Weight Yenentagc [Gillis ct aI., 20031, 

(c) Optical Maturity Indcx (brighter areas denote immature terrain) II,uccy et al., 2000b1, 
(d) hifmred Eclipse Image (brighter areas correspond to more surface rocks >I0 crn diameter] I Shorthill, 19731 

Biffemnces in Mare TiO, Cunterlt Cormlate with 70-c~n Radar Scattering niffcrenccs attributed to JIrneni te Ahunda~ices 
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Plato Rilles 

Pyroclastics are unlikely 
cause of low radar echoes 

I 
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Plato Rilles 

Weight % TiU2 U1 P Weight % FeO 
A 

a, 

1 

Pyroclastics are unlikely cause of low radar echoes 
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lsopachs of Crater Ejecta 

Deep Iridum and Plato Ejecta are sufficient 1 
to explain the low radar echoes for this region 
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Observation Summary 
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OBSERVABLE 

70cm OC (Depolarized) 

Radar Echo Strength 

3.8-cin OC (Depolarized) 

Radar Echo Strength 

7.5-111 SC (Polarized) 

Radar Echo Strength 

Infrared Eclipse Temperatures 

Clementine FeO Contents 

Clementine Ti02 contents 

SC - Same-Sense Circular (Depolarized) / OC - Opposite-Sense Circular (Polarized) 

COMPARISON TO 

OTHER TERRAE 

2-4 weaker echoes 

(as dark as the maria) 

2-4 weaker echoes 

(as dark as the maria) 

2-4 weaker echoes 

(as dark as the maria) 

5- 15 -degrees cooler that 
Maria - Typical Terrae 

About 5% - Typical 
Terrae 

About 5% - Typical 
Terrae 

REFERENCE 

Campbell et al., 2005 

Zisk et a1 ., 1 974 

Thompson, 1987 

Shorthill, 1 973 

Lucey, et al., 2000 

Gillis, et al., 2003 



Interpretation Matrix 
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RADAR POSSIBILITIES 

A - Fewer m-sized blocks- 
rocks on the surface and in 
uppermost 10-m of 
subsurface 

B- Higher electrical loss in 

ejecta from Plato and Sinus 
Iridum impact events 

depths of 1 0- 1 00 meters ot high - Also, no variation 

NLIKELY -Expect 

Iridum mantling event to 10- 100 meters depth 

GEOLOGIC 
IMPLICATION 

Dark Radar Haloes- 
Consequence of large 
Plato and Sinus Iridum 
impact events 

Preexisting and deep (1 0- 
km) mares at S-Iridium and 

Plato impact sites 

LIKELYHOOD 

LIKELY - BEST PIT to 
radar, visual, IR and 
Clementine FeO and T i 0  
data 

UNLIKELY - Expect 
preexisting mare to be thin 
(about km thick at most) 



Slnit hstr~~ian 
Nirfio,rrrl A;,. nrul ,~ lao~ rwlrserrrrr Dark Halo Diameters vs. Crater Size 
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Most Radar Dark Halo Diameters Occur when the Ejecta Depths are about 10 meters 
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Smit hsonian 
Nrrtio~rrrl /\it n~r , /  spar-e M~~.scr,nr Dark Halo Diameters VS. Crater Size 

70-cm RADAR DARK HALO RADII vs. CRATER SIZE 
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Most Radar Dark Halo Diameters Occur when the Ejecta Depths are about 10 meters 



Siiri t tisonia n 
,"\rmtiorl i~i  Air ail{/ S ~ I C P  I M I I S ~ ~ ~ P I ~  RADAR GEOLOGIC COLUMN 

NORTHERN RIM OF IMBRIUM BASIN 
(INCLUDING EJECTA OF PLAT0 AND SINUS IRIDUM) 

GEOLOGIC UNITS 
P LATO 

CRATER EJECTA 

SINUS IRIDUM 
CRATER EJECTA 

IMBRIUM BASIN EJECTA 

RADAR-GEOLOGIC 
IMPLICATIONS 

ROCKIBLOCK FREE - UP TO 
IOMEERS DEEP LIKELY LOW 
LOSS ANORTHOSITE 
ROCWBLOCK FREE - UP TO 100's 
METERS DEEP LIKELY LOW LOSS 
ANORTHOSITE 
KM-DEEP NUMEROUS 
ROCKSIBLOCKS- 
LOW LOSS ANORTHOSITE 

VERTICAL NOT TO SCALE 

PRE-lM BRIUM 
KM- DEEP NUMEROUS 

M EGAREGOLITH ROCKSIBLOCKS- 
0 
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Stnithsonian 
~ c ~ t i o ~ l c d  A i r  mu/ .s/>LJL*~ ~ ~ ~ i s c t i t ? ~  RADAR GEOLOGIC COLUMN 

NORTHERN RIM OF IMBRIUM BASIN 
(INCLUDING EJECTA OF PLAT0 AND SINUS IRIDUM) 

GEOLOGIC CROSS SECTION OF MOON'S MONTES JURA REGION 

are determined primarily by 
the deep (tens to a few hundreds of meters) 
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