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๏ The nature, origin, age, and formation processes have 
long been the subject of major controversies [e.g. 
Hawke et al., 2004]



seminar name

MOUGINIS-MARK: SECOND MARS COLLOQUIUM 8013 

Fig. 2. (a-J) All the fluidized craters included in this investigation are divided into the six crater types displayed here. 
The morphological criteria upon which this subdivision was made are described in the text. Frame numbers, locations, 
target material, and elevations for all the craters shown in this and successive figures are summarized in Table A I. 

Mark [1977]. The ejecta materials around type I craters and 

the outer ejecta facies of the type 2 craters are lobate deposits 

that illustrate a surface flow emplacement mechanism. In con- 

trast, the inner ejecta facies of type 2 craters possess a convex 

distal edge. A number of craters display multiple ejecta facies 

(Figure 2c) that have a similar morphology to the lobate de- 

posits of crater types I and 2. Such multiple lobate craters are 
defined here as type 3. Crater types l, 2, and 3 all possess dis- 

tal ridges on their outermost ejecta facies and together consti- 

tute the fluidized craters previously described as rampart cra- 

ters [McCauley, 1973; Carr et al., 1977]. 

Type 4 craters (Figure 2d) represent the radially textured 

craters of Carr et al. [1977]. This crater type is characterized 

by strong radial pattern of grooves and ridges on the ejecta 

blanket, superimposed upon sheets or small 'plates' of ejecta. 

Unlike crater types l, 2, and 3, there is no distal ridge present 

火星エジェクタのバリエーション

[Mouginis-Mark, 1979]



ejecta in the laboratory

3° North/ 100° West

๏Uprange ray pattern -- interpreted as an evolving 
excavation flow field [Schultz et al., 2009]

If this interpretation is valid, then arcuate uprange 

crater rays not only reflect impact angle but also the 

the projectile-to-crater diameter ratio.  At laboratory 

scales, this ratio for sand is ~ 40 for hypervelocity 

oblique (30°) impacts.  At planetary scales (10’s of 

km), it reduces to 15-20 but will depend on gravity, 

impactor density (target and projectile), as well as pro-

jectile speed.  For gravity-controlled craters of the 

same size, the size of the impactor (65 km/s) producing 

a crater on Mercury will be ~60% smaller than the 

same-size crater on the Moon (23 km/s).  For retro-

grade comets impacting Mercury, the projectile will be 

two times smaller for the same size crater on the 

Moon. On Mars (12 km/s), however, the projectiles 

should be ~45% larger.  Consequently, the uprange ray 

pattern may provide clues to impactor type (comet 

versus asteroidal) for oblique impacts. Retrograde 

comets may have linear rays even though oblique  

(zones of uprange avoidance), whereas prograde aster-

oids will have accentuated cardioid rays.  Oblique im-

pact crater on Mars should be characterized by the 

uprange cardioid pattern due to lower impact speeds.  

Low-density surface materials (e.g., aeolian loess), 

however, should result in arachnid ray patterns (Fig. 

2b).  

Consequently, arcuate ray  patterns provide new 

clues to the early-time cratering flow field and can be 

inverted to provide conditions of impact.  
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Figure 2: Oblique impact craters on Mars illustrating car-

dioid-shaped uprange (left) and composite crater, Dilly 

(right). The similarity with other ballistic ray patterns indi-

cates for a curtain-driven vortex origin for the terminal ram-

parts. The small crater Dilly (2 km diameter) exhibits a low-

thermal inertia (dark) distal arachnid ray pattern and a high-

thermal inertia proximal rim deposits.  This suggests a low-

density surface layer.  

 

 
 

 
 

Figure 4: Conceptual depiction for origin of cardioid ray 

pattern that maps the migration of the flow-field center dur-

ing excavation. 

 
Figure 5: Evolution of in-flight ejecta at 160 ms after im-

pact viewed from above (slightly uprange (left) and from the 

side (right).  This captures highest speed ejecta that will form 

the cardioid (heart-shaped) distal rays.  

           

 

Figure 3: Example of 

cardioid shaped ray 

pattern uprange for an 

oblique hypervelocity 

impact (~ 5 km/s) into 

low density sieved 

perlite.  In this case, the 

impact point is on the 
uprange wall. 

Figure 1: Farside 

lunar crater Jackson (71 

km diameter) exhibit-

ing distinctive cardioid 

uprange ray system 
similar to Tycho. 
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[Schultz et al., 2009]

[private communication with S. Yamamoto]

SCHULTZ.' ATMOSPHERIC EFFECTS OF EIECTA EMI'I.ACEMENT 11,625 

Fig. 1. The effect of atmospheric pressure (density) on ejccta cmplaccment for ejecta deposits with distal ejecta thinning without identifiable boundaries. Targets in 
hypervclocity impacts into compacted pumice. (a) At 0.25 bar, a distinctive ejecta Figures lb and lc had a thin veneer of dry tempera sprinkled on the surface. All 

rampart (arrow) encircles the craters. (b) At 0.5 bar, lobes of ejecta (arrow) extend impacts were 0.635 cm aluminum spheres impacting from 5.0 to 5.4 km/s under an 

over four radii from the crater rim. A narrow scoured moat often developa argon atmo6phere. Scale bars correspond to 10 cm. 

adjacent to the raised tim. (c) Near 1 bar, a radial pattern characterizes the inner 

raised crater rim for pressures above 0.4 bar. Impacts under a 1 ejecta lobes. At higher pressures, the surface was visibly 
bar atmosphere produce an extensive, radially scoured ejecta scoured. Nevertheless, containers placed at different distances 
deposit with a more pronounced rim depression (Figure lc). In from the crater collected only miniscule amounts of ejecta 
all cases, the amount of ejecta fallback and fallout is minor fallout [Schultz and Gault, 1982]. 

since remnants of the projectile and sintered target material The use of different gas compositions (helium, air, 
remain clearly visible on the floor. Subtle lineations in the nitrogen, argon, and carbon dioxide) allowed the atmospheric 
preimpact target remain clearly preserved at pressures below density to be varied while a constant pressure is maintained 
about 0.6 bar up to the continuous facies and even through the (see Table 1). Figure 2a summarizes the dependence between 

[Schultz, 1992]



目的

๏ガラスビーズターゲットに衝突をさせ、実験条件
（大気圧，衝突速度，粒径など）を変化させたとき
にどのようなエジェクタ地形ができるかを調べ，分
類する

๏相図を描き、エジェクタ地形の形成条件を制約する



実験条件とパラメータ
๏標的 : ガラスビーズ 100 µm (50, 420 µm)

๏ターゲット準備状況 : well-packing / loose packing

๏チェンバー内大気圧 : 102 Pa ～ 105 Pa (大気圧)

๏衝突速度 : 数 ～ 百数十 m/s

projectile ambient 
facilities

diameter mass material shape impact velocity
ambient 
pressure facilities

25.0 mm 63.6 g Fe sphere a few m/s atmos. free fall
24.6 mm 19.2 g glass sphere a few m/s atmos. free fall
29.7 mm 39.1 g Al sphere a few m/s atmos. free fall
24.5 mm 67.4 g Fe sphere a few m/s 102-105 Pa free fall
9.53 mm 0.5 g Nylon sphere 20 ~ 40 m/s atmos. gun in Nagoya
9.53 mm 0.5 g Nylon cylinder 20 ~ 40 m/s atmos. gun in Nagoya
10 mm 6.0 g Stainless cylinder ~ 50 m/s ~ 103 Pa gun in Kobe
10 mm 0.9 g Polycarbonate cylinder 50 ~ 120 m/s 103-105 Pa gun in Kobe
10 mm 2.1 g Al cylinder 50 ~ 120 m/s 103-105 Pa gun in Kobe



target mean 
diameter 100 µm

target initial 
condition

well-
packing

ambient 
pressure 103 Pa

impact 
velocity 52.8 m/s

recorded in 5000 fps

Results：
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地形の分類

Knobby radial w/o concentric

Fine radial w/o concentric



Radial w/ wavy concentric

Radial w/ regular concentric
Radial w/ thick concentric



Dimple

No morphology



ターゲット準備状態による地形の違い

target mean 
diameter 100 µm

target initial 
condition -

ambient 
pressure 105 Pa

impact 
velocity 5.4 m/s

loose packing well-packing

ビーズを流し込む ビーズを流し込んだあと
揺するRadial w/ regular concentricDimple

loose packing well-packing



大気圧による地形の違い

P=3.5x103 Pa P=6.2x103 Pa

P=1.0x105 PaP=5.0x102 Pa

P=1.0x104 PaP=1.0x103 Pa

Radial 
w/ concentric

Radial 
w/o concentric



July, 2010 : ISSI, Bern

衝突速度による地形の違い

v = 83.8 m/s

target mean 
diameter 100 µm

target initial 
condition

well-
packing

ambient 
pressure 105 Pa

impact 
velocity -

v = 58.3 m/s

v = 38.9 m/s

v = 8.0 m/s

Radial w/ 
regular concentric Radial 

w/o concentric

Radial w/ 
wavy concentric



大気圧と衝突速度を用いた相図

50 µm : trend is similar

Dimple mode (loose 
packing)

？？

target mean 
diameter 100 µm

target initial 
condition

well-
packing

ambient 
pressure -

impact 
velocity -
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 Radial + Thick concentric
 Radial + Regular concentric
 Radial + Wavy concentric
 Knobby radial (No concentric)
 Fine radial (No concentric)

 target : glassbeads, d = 100µm, initially packed
 projectile: Al (10 mm!  x 10 mm), 
                  Polycarbonate  (10 mm!  x 10 mm), 
                  Stainless  (10 mm!  x 10 mm), 
                  Carbonsteel sphere (25.4mm)

updated 10.07.23

420 µm : no pattern



concentric パターン

140

120

100

80

60

40

20

0

R
ad

iu
s 

[m
m

]

100806040200

Impact Velocity [m/s]

 Crater (P = 10
5
 Pa)

 Cont. ejecta (rampart) (P = 10
5
 Pa)

 Crater (10
4
< P < 5x10

4
 Pa)

 Cont. ejecta (rampart)  (10
4
< P < 5x10

4
 Pa)

Radius of crater and continuous ejecta (rampart)
               vs. impact velocity (concentric pattern)



エジェクタ到達距離の簡易モデル
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エジェクタ堆積モデル
Eureka, 10.11.20, 09:41, ver. 0.1

Ayako Suzuki (suzuaya@mac.com)

1 エジェクタの飛行
速度の２乗に比例する抵抗がかかる場合，運動方程式は，

m
dv

dt
= mg − k

v

|v| |v|
2, (1)

となる．これをちゃんと解くには数値計算する．しかしとりあえず簡単に解く．
抵抗は v2に比例するので，速度が速いときは効くが，遅くなれば影響は小さくなるはず．
だから，抵抗の効果が重力に比べて大きいときと小さいときに分ける．
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Figure 1: エジェクタの飛行の軌跡
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ちなみに，P = 105 [Pa], ve = 55 [m/s] (100709exp05の条件)を代入すると，
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= 0.608 [m], (58)

よって，Ltotal = 0.70 + 0.61 = 1.31[m]である．いま，たらいの大きさが直径 28 cmなの
で，衝突点からたらいの縁まで 14 cm．だから，到底たらいの上には観察されない．
図 2は，式 (54)を使って，ve をいろいろ振って，L = Ltotal と P の関係を描いたグラフ．

1. 大きくは，1/P の項が効いて，圧力を下げると Lは大きくなる．

2. ln ve P の項と 1√
2
の項とのつりあいで，ve があまり大きくないとき，P を小さくして

いくと，あるところで Lが小さくなりだす．

3. さらに veが小さいとき，P を小さくしていくとルートの中がマイナスになるので，線
が途切れている．

ただし，いずれの条件も，現在たらいの上に見られている地形 (L < 0.15m)を表すことが
できていない．
考えられることは？

1. 最大放出速度は ve より小さい．

2. 観察されているランパートは，最大放出速度のものが作っている地形ではない．

3. モデルは Lを overestimateするようにできているので，その効果である．

4. 観察されているランパートは，全然別の過程で出来ている．例えば wakeとエジェク
タカーテンの相互作用とか？
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モデルにおけるエジェクタの到達距離
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Summary
๏粒径による違い

- 50, 100 µm -> Radial / Radial w/ concentric. / Dimple
- 420 µm -> No morphology
๏ターゲット準備状態による違い（大気圧下のみ）

- well-packing (low porosity) -> Radial mode
- loose packing (high porosity) -> Dimple
๏相図を描いた

- 大気圧，速度，粒径によって地形の違いができる

๏エジェクタ到達距離の簡易モデル

- concentric パターンを作っているエジェクタは，かなり遅い速度で放
出された

- 大気圧による減速は実験では観測された．別の減速モデルの必要性


