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Introduction:  Irregular Mare Patches (IMPs) [1, 2, 

3] are an unusual and distinctive manifestation of lunar 

volcanism [4, 5, 6]. The largest IMPs (e.g. Ina and So-

sigenes) are characterized by isolated smooth bleb-like 

mounds surrounded by flatter topographically rough 

and optically relatively immature terrain; they are large 

enough to obtain Neukum-chronology impact crater 

model ages. Initial estimates resulted in very young age 

interpretations for extrusive basaltic flow activity (<100 

Ma) [3], while others [4-8] expressed concern about 

these estimates on the basis of the close association of 

these IMPs with ancient (~3.5 Ga) edifices and struc-

tures. It was proposed instead that the IMP mounds were 

formed by ancient extrusion of porous highly vesicular 

magmatic foams predicted theoretically [4] to form in 

pit craters, and that the young ages were caused by sub-

strate effects with superposed impacts smaller by a fac-

tor of ~3 due to their formation in compressible mag-

matic foam [7,8]. The intensive multidisciplinary char-

acterization and analysis of Ina, Sosigenes and other 

IMPs provides a basis for further IMP assessment [7, 8]. 

The goal of the work presented here is to assess the ex-

perimental and theoretical basis for impact crater for-

mation in porous targets as a basis for distinguishing 

among theories for the formation of IMPs and to de-

scribe some open questions in the crater retention age 

determination on IMP mounds and other candidate po-

rous substrates. 

Cratering in Porous Targets: Recent progress in 

studying crater formation in porous targets was moti-

vated by assessment of cratering on asteroids and an ar-

tificial impact on a comet nucleus (e.g. [9, 10]). These 

results were cited as helping to explain the relative rarity 

of larger impact craters accumulated on IMPs mounds, 

interpreted to be due to a factor of 3 smaller diameter 

for craters formed on porous mounds in comparison 

with “normal” lunar sites [7, 8]. Here we use recently 

published experimental data to test the interpretation of 

Ina’s mounds as being composed of porous basalts and 

magmatic foams [4]. 

Fig. 1 presents data compiled from selected experi-

mental datasets describing impacts in porous targets. 

The “base line” is dry sand scaling (DSS), plotted with 

rim crest diameters from [14], and craters for artificial 

lunar impacts (Ranger and SIVB – see review in [15]). 

The relevant useful range of lunar craters 40<D(m)<400 

is shown with red dots, assuming an impact velocity of 

18 km s-1. 

Natural pumice and sintered porous targets [11, 12] 

have high enough strength to maintain the elongated 

crater shape with a small crater diameter (lower group 

of points in Fig. 1). Special efforts were undertaken in 

[13] to obtain highly porous targets without macro-co-

hesion. In these targets, a relatively deep transient cavity 

(“bulb” or “carrot-shaped” crater [16]) collapses in a 

gravity field, forming cone-like craters. The diameters 

of final craters are shown in Fig. 1. Due to the relatively 

Fig.1 The data collection on crater diameters in porous targets [11, 12, 13] presented in -scaling coordinates 

for the gravity regime. See details in the legend and in the text. 

1243.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)



low impact velocity, most impacts at elevated G are 

placed into the high 2 area.  

Approximating all the data with D ~ 2
-0.175, one es-

timates the factor of crater diameter decrease in porous 

no-cohesion targets to be in the range 1.9 to 2.6. For-

mally, this range confirms early estimates (factor of 3 

[7, 8]) based on [10].  

Discussion: The comparison with experimental data 

raises a few questions that are necessary to investigate 

before a final interpretation of available small crater 

counts [7, 8] can be conclusively made. These questions 

include (1) crater shape, (2) preservation of magmatic 

foam and (3) the crater degradation model.  

Crater shape.  The specific cone-like experimental 

craters [13] may be compared with “normal” d/D ratio 

for small lunar craters (Fig. 2). 

 
Fig. 2. Depth to diameter ratio for experimental craters 

[13], shown in Fig. 1, in comparison with two “new” 

lunar craters and relatively fresh Class A craters [17] 

40<D(m)<400. Lunar crater 2 values are estimated for 

an impact velocity of 18 km s-1. 

For a (macro) cohesionless porous target, the  crater 

shape seems to be controlled by a repose angle similar 

to that of porous “sand” particles. For the available ex-

perimental data model craters seem to be slightly deeper 

than small lunar craters on a “normal” lunar surface. 

Unfortunately, available DTM resolution allow us to es-

timate d/D for only a few of the largest craters on 

mounds. More thorough shadow measurements may 

help to add more data for further analysis.  

Target cohesion.  The difference in crater shape in 

targets with and without cohesion raises a question 

about the evolution of surface materials interpreted to 

be magmatic foam. Meteoritic bombardment is pre-

dicted to change the porosity and cohesion of the target 

with time (regolith development), and thus recent cra-

ters would form in disrupted regolithic magmatic foam 

with unknown properties. 

Small crater degradation.  Cratering in porous tar-

gets produces less ejecta than for craters in more coher-

ent material. Consequently, the crater degradation on 

magmatic foam mounds could differ in style and rate 

from “normal” small lunar craters, providing that the 

“normal” crater degradation includes the lateral material 

transport with smaller impacts. Models of degradation 

should be extended to the case of mounds in IMPs  

Layered IMP targets.  The inspection of available 

images with 0.5 pix/m resolution reveals a few cases 

where we can suspect the presence of a stronger sub-

strate under the magmatic mound material (flat or ter-

raced crater floors). In the Ina depression the thickness 

of mound material is about 10 m [3,7,8]. Consequently, 

projectiles could penetrate down into the substrate, and 

the comparison with experimental craters in uniform po-

rous targets should be reconciled taking into account 

such layering of the target. 

Scaling to high impact velocity.  An additional prob-

lem in experimental data applications concerns the rel-

atively low (<6 km s-1) impact velocity in laboratory ex-

periments. The deep penetration of a projectile into po-

rous targets results in the elongated shape of a zone 

where kinetic energy is transferred to the target. In some 

sense, impacts into porous targets could be more similar 

to a cylindrical explosion, than to a point source event. 

Consequently some simple one-exponent relations, usu-

ally used for crater scaling, should be used with caution 

before more detailed analyses are undertaken. 

Conclusion:  The relatively small areal density of 

large impact craters accumulated on IMPs is still a puz-

zle that needs to be investigated along several lines of 

inquiry before final conclusions about the absolute age 

of the mounds can be confidently determined.   
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