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Introduction: For lunar craters the transition from 

craters with a central peak to those with a peak ring 
occurs over a large diameter range.  The smallest “pro-
to-basin”, or crater with both a central peak and a peak 
ring, is Antoniadi, with a rim diameter of 140 km, but 
craters with just central peaks occur up to diameters as 
large as ~230 km (Clavius), and craters with only peak 
rings (and no central peak) do not start occurring until 
diameters exceed 300 km [1].  The large diameter 
range for the transition means that there are craters of 
similar size, presumably formed from impacts of simi-
lar kinetic energies, that have significantly different 
appearances.  Here I examine the two smallest proto-
basins, Antoniadi and Compton, and compare them in 
detail to representative central-peak craters of similar 
size, Pythagoras and Petavius.  Antoniadi is quite dif-
ferent from similar-sized lunar craters and may provide 
some unique insights into peak ring formation and lu-
nar subsurface properties. 

 
Antoniadi (Figure 1) has a rim diameter of 140 km 

and is located within South Pole Aitken (SPA) basin at 
69.4 S, 172.9 W, ~700 km from SPA’s center.  The 
lowest elevation in SPA is -9.5 km, and the floor of 
Antoniadi is at -7.4 km.  The crater abuts and postdates 
slightly smaller basins to the NW (Minnaert, D = 125 

km) and SE (Numerov, D = 110 km).  The rim-floor 
depth is ~4 km and rim height is ~1.5 km.  The peak 
ring is 50 km in diameter and rises 1.8 km above the 
crater floor.  The central peak is ~5 km in diameter and 
rises 600 m above the floor.  The area inside the peak 
ring appears to have an area of later mare fill (or per-
haps contemporaneous impact melt), the surface of 
which sits 500-1000 m lower than the area exterior to 
the peak ring.  Rather than a discrete set of terraces, in 
general there is a steep drop of 2-3 km from the rim 
(25° slope), and then a gradual sloping of hummocky 
material (< 5°) to the crater floor.  Antoniadi is not 
fully resolvable in the Kaguya gravity data [2], but the 
area inside the peak ring is clearly associated with a 
high in the Bouguer gravity of ~200 mGals relative to 
the surroundings, and there is no clear Bouguer signal 
associated with the crater rim.  

Pythagoras (Figure 1) is identical in diameter to 
Antoniadi and is located in the highlands a few hun-
dred km NW of Imbrium basin at  63.4 N, 62.8W.  It is 
a well-preserved example of a typical crater of this 
size.  The rim is at 100 m elevation, and the rim-floor 
depth is 3.8 km, similar to Antoniadi.  Pythagoras has a 
pronounced central peak that is 30 km in diameter and 
rises 3 km above the crater floor, or nearly to the crater 
rim.  In contrast to Antoniadi, the descent from rim to 
floor occurs as a set of discrete terraces, each stepping 
down ~600 m along a 15-20° slope, for a terrace zone 
width of 18 km.  Slopes on the central peak are 25°.  
There are flat patches in the NE portion of the floor 
and just NE of the rim that are pooled melt.  Elsewhere 
the floor is relatively flat, but there are mounds up to 
250 m high in the hummocky area SW of the central 
peak.  The Bouguer gravity shows a relative high of 
+100 mGals associated with the rim, and a central low 
of -150 mGals relative to the surrounding area, an 
anomaly of opposite sign to Antoniadi’s.   

Compton (Figure 2) is the next largest well-
preserved crater (D = 175 km) that has been classified 
as a proto-basin, and I compare it here to Petavius, a 
central-peak crater of identical diameter.  Located at 
55.7 N, 104.4 E, Compton is in the farside highlands 
~1000 km NE of Mare Crisium and ~800 km E of 
Mare Frigoris.  Compton’s rim elevation varies by 
nearly 1.5 km, with a maximum elevation of -500 m on 
the S rim.  Compton’s low NW rim may be caused by 
its formation on the eastern rim of Humboldtianum 
basin (D = 650 km), and there is also an older small 
basin immediately to the N.  Compton’s floor elevation 
is relatively constant at -3.5 km, for a mean rim-floor 
depth of ~2.8 km.  Compton has a prominent central 

Figure 1.  Antoniadi (left) and Pythagoras (right), identical-
sized (D = 140 km) lunar craters with different morpholo-
gies.  Top is Bouguer anomaly (mGals) from Kaguya (crustal 
density of 2800 kg/m3 assumed) and bottom is topography 
(km) from gridded LOLA data superposed on LROC WAC 
mosaic. 
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peak that is 20 km in diameter, rises 2.7 km above the 
crater floor, and has slopes of 25°.  The peak ring has a 
diameter of 75 km and consists of numerous isolated 
knobs that rise a few hundred meters above the floor.  
Floor fractures on the presumed melt sheet also cross-
cut the central peak, an unexpected occurrence.  Based 
on Clementine FeO maps and a lower crater density, I 
interpret the presence of a thin mare patch in the NE 
portion of the floor.  The terrace zone is 20-30 km 
across and best defined to the SW, where each terrace 
steps 700-1000 m on a slip face of ~15°. Relative to 
the surrounding terrain, the Bouguer gravity for Comp-
ton averages +50 mGals in the rim area and -100 
mGals in the crater center.  

 
Petavius (Figure 2) is a central-peak crater of iden-

tical diameter to Compton and located in the highlands 
a few hundred km SE of Mare Fecunditatis (60.6 E, 
25.6 S).  Petavius is similar to Compton in many re-
spects.  The mean rim elevation is +250 m, and the 
mean rim-floor depth is 2.7 km.  The central peak 
complex for Petavius is 30 km in diameter, rises 3 km 
above the floor, and has slopes of 25°.  The terrace 
zone is ~30 km wide, with individual terraces stepping 
1 km along slip faces of 15-20°.  The floor has several 
hundred meters of variation in elevation, with many 
protruding knobs that do not, however, combine to 
create a peak ring.  Like Compton, the floor has frac-
tures/graben on the presumed melt sheet that crosscut 
the central peak complex.  Petavius also has a darker, 

higher-FeO abundance patch in the NE part of the floor 
that may be a later, thin patch of mare.  Relative to the 
surrounding terrain, the Bouguer gravity for Petavius is 
+50 in the rim area and -60 in the crater center. 

Discussion and Future Work:  In comparison 
with each other and other lunar craters in the 100-300 
km diameter range that I have cursorily examined, 
Pythagoras, Compton, and Petavius are largely similar 
and have modest variations on the general progression 
with size for lunar craters.  Because the gravity data 
are at the limits of Kaguya resolution, detailed model-
ing/interpretation is problematic.  I tentatively suggest 
that the ringing high and interior low results from im-
pact into a modestly stratified target with slowly in-
creasing density.  Modest stratigraphic uplift near the 
rim produces the ringing high, and breccia fill and 
bulking of uplifted material generates a central low.  
The presence vs. absence of the incipient peak ring for 
Compton vs. Pythagoras (and in general through this 
size range) may be due to subtle variations in target 
homogeneity and cohesiveness determining whether or 
not uplifted knobs of material appear as a coherent 
ring.   

Antoniadi stands out as unusual, and it is probably 
not coincidental that it is located deep within SPA ba-
sin.  While the composition of the target material in 
SPA is clearly different from, and more mafic than, the 
general highlands crust [3], there is no reason why this 
alone would make Antoniadi so different in appear-
ance.  However, it seems feasible that the target sub-
surface for Antoniadi was highly stratified in terms of 
cohesiveness (SPA basin fill vs. sub-SPA strata) and 
had a rapidly increasing density structure (crust-mantle 
transition zone).  Layering could modify excavation to 
make the subsequent uplift more ringlike, and a higher 
density gradient would make the central uplift a rela-
tive density high.  A near-surface layer of entirely SPA 
basin breccia fill may account for the lack of discrete 
terracing in the collapsed rim of Antoniadi.   

Future work will include closer examination of the 
spectral properties of the floor and central structure 
materials, dating of floor units with crater counts to 
better evaluate the presence/absence of mare units, 
detailed examination of floor faulting, and detailed 
examination of additional craters.  I will attempt to 
reconcile the observations with existing models for 
central peak and peak ring formation and with observa-
tons of terrestrial craters.  
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Figure 2.  Compton (left) and Pythagoras (right), identical-
sized (D = 175 km) lunar craters with different morpholo-
gies.  Top is Bouguer anomaly (mGals) from Kaguya and 
bottom is topography (km) from gridded LOLA data super-
posed on LROC WAC mosaic. 
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