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Introduction: Most complex impact craters on sil-
icate bodies throughout the Solar System exhibit ele-
vated crater rims similar to the elevated crater rims of
simple craters. The final elevation of crater rims is due
to the deposition of ejecta on uplifted bedrock of the
paleosurface and is largest at the rim crest of the crater.
Crater im uplift pinches out after 1.3 — 1.7 crater radii
[1]. For simple craters the elevated crater rim is due to
two well understood factors:

(1) Ballistically emplaced coherent proximal ejecta ma-
terial at the transient cavity rim. A gradational transition
from autochthonous bedrock to allochthonous ejecta ex-
ists in weakly modified simple craters in which the
hinge zone of the overturned flap is preserved.

(2) Structural uplift of the pre-impact surface in the
proximity of the transient cavity [1,2]. This uplift is cre-
ated by horizontal shortening and can be accommodated
by either a pervasive thickening of the target rocks, by
reverse faulting, or the emplacement of interthrust
wedges. In addition to shortening the injection of dike
material into the cavity walls occurs [1-3].

Both factors equally contribute to the elevation of sim-
ple crater rims. Simple and complex impact craters
show fundamental differences in their morphology and
structure [1,4]. The spatial distance between the mor-
phological crater rim of a complex crater and the edge
of the transient cavity primarily depends on the impact
energy and gravity. A consequence of the foregoing is
that the ejecta thickness at the final crater rim of com-
plex craters is usually less than the thickness at the rim
of simple craters and may not contribute as significantly
to the rim elevation as for simple craters. Dike injection
of the underlying target has probably also a minor im-
pact on the final complex crater rim. Thus, it cannot ac-
count for the observed elevation because the injection
length of several kilometers is unlikely. We selected the
pristine lunar mare craters Bessel (16 km), Euler (28
km), Kepler (32 km), Harpalus (39 km) and Biirg (41
km) since they show a range of different final crater di-
ameters and all were formed in a uniform basaltic target.
The selected craters show layered formation in their
walls, originated from episodic flooding with basaltic
magma, which filled the lunar Maria [5,6]. We recon-
structed the transient crater cavity of these craters and
additionally for 6 other craters, Aristachus (40 km),
King (76 km), Copernicus (93 km), Tycho (95 km),
Theophilus (100 km) and Pythagoras (130 km) with a
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Fig.1: Layerd formation found in complex lunar Ma-
ria craters. (a) shows the 16 km crater Bessel with
outcrops nearly throughout the complete crater
wall. (b) part of an outcrop in greater resolution.
This outcrop consists of several layers with a com-
bined thickness of ~ 200 m.

Data: For our investigations we used high-resolu-
tion LROC-NAC, SELENE-TC-Ortho and LROC-
WAC images combined with SELENE and WAC-
GLD100 digital elevation models [7, 8, 9].

Methods: The elevation of the paleosurface P was
determined by linear interpolation between two adverse
points (a) situated beyond the continuous ejecta blanket.
The linear goes through the crater center and the bound-
ary between the uppermost exposed layer and the super-
posed ejecta. The elevation of the paleosurface P was
calculated for each point at this boundary. Using new,
more precise data, the ejecta thickness Er was deter-
mined at each point. In a next step, using the exact spa-
tial location of the layered outcrops, the structural uplift
Su of the exposed layer was calculated for each point
(Fig. 2). The newly developed geometric reconstruction
model (GRM) was used to calculate the dimension of
the transient crater radius Rr; results of the model are
compared to literature data [10,11]. We assumed that
the terraced blocks are displaced along normal faults.
During and after the collapse of the complex crater, the
terraces were superposed by ejecta and talus material
(Fig.3). Terrace are delimited by faults that have as-
sumed dip angles (y) of 60° [12], whereas the mean
slope angle («) is ~ 30° [1], close to the angle of respose
fgr t'he scarps.
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Fig.2: Schematic cross section of a complex crater
rim and geometric relations for the calculation of
ejecta thickness and structural uplift.
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Fig.3: Geometric reconstruction model (GRM) to
calculate the transient crater cavity of lunar complex
craters. CF refers to crater floor and CR to crater
rim. Red lines represent removed parts of the terrace
and equivolumetric talus material covering part of
the terraces.

Results: The average measured thickness of struc-
tural uplift and ejecta are summarized in Table 1. The
measured ejecta thickness Er reveals 29.4 % + 11.2 %,
whereas the mean structural uplift Sy amounts to 70.6 %
+ 11.2 % of the rim elevation. The structural uplift Sy
and ejecta thickness Er at the final crater rim increase
with increasing size of the crater. However, the ratio of
both remains constant within the limit of error. The radii
of the transient crater cavities Rt were calculated with
our geometric reconstruction model (GRM) and the re-
sults are shown in Table 2. For comparison transient
crater cavities calculated from literature are listed as
well [10,11]. The ratio of the final crater Rg to the tran-
sient crater Ry ranges between 1.21 and 1.48, using our
geometric model.

Table 1: Minimum structural uplift and maximum
ejecta thickness data determined in this study.

Bessel Euler Kepler H?Lga_ Biirg
Re[m] | 78961 | 135267 | 1504256 | 108837 | 2500
£199.8 | £426.6 | £2666 | 2862 | oo,
P [m] -2560.9 | -1308.1 | -1027.1 | -2496.4 | -1899.9
+321 | 610 | 358 | £77.0 | £126.9
So [M] 443.1 533.4 551.2 706.2 846.7
v +£115.7 | £154.1 | £200.6 | +133.3 | +£220.6
Ex [m] 1731 2203 251.6 251.4 298.3
T +517 | £1132 | £759 | £737 | 799

Table 2: Transient crater radii determined in this
study. *For Bessel crater we used the Debris-slide re-
construction model from [10].

R+ [10] Rt [11] R+ (GRM) RF/RT for
[m] [m] [m] GRM
Bessel 7776.6 - - 1.02
9888.4 1.39
Euler 12500.6 13437.0 +1190.9 +001
Kepler | 13997.6 | 151889 | 100846 148
+1296.5 +0.01
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Harpalus | 17346.4 | 19163.2 il‘g%‘;% 116.353
Aristachus | 17548.4 | 19405.0 %_,49633'3 ilo-ii
Biirg 191908 | 213803 iﬁggf il(fge
King 30459.3 | 35269.7 isff% 1163.51
Copernicus | 35789.9 | 42004.1 5‘2583;41?2 ;(-)3'(5;4
Tycho 36329.8 | 42691.2 3:%%%3 il(fgl
Theophilius | 381195 | 449745 igggg-g ilbz.gs
Pythagoras | 47778.2 | 57443.6 i411§76§ ;(-)2'34

Discussion and Conclusion: Early studies and
models show that the elevation of the crater rim is
equally distributed between structural uplift and super-
posed ejecta deposits [1, 2]. Whereas this might be true
for simple craters, our results show, that for complex
craters this correlation changes to a Sy of 70.6 % + 11.2
% and a Er 0f 29.4 % + 11.2 %. A reduction of the ejecta
thickness by erosion or impact gardening is unlikely as
the craters appear fresh. The recent study by [13] shows
comparable results with Sy of ~ 80 % and Er of ~ 20 %.
The injection of impact melt or breccia into the bedrock
[13] seems unlikely at distances between 1.21 and 1.48
Rt. Therefore, we propose that reverse faulting, begin-
ning in the excavation stage of crater formation, is re-
sponsible for the additional structural uplift of the crater
rim. This would imply that the final crater morphology
would be pre-determined during the excavation
stage.The results of this work are consistent with the
work of other authors [1,13,14,15].
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