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ABSTRACT

Lava tube cave heights and inner structure of the Moon are estimated from those of

the Earth by using hydrodynamic and surface tension models.

Regarding lava tube height, the flow in the lava tube is modeled by Bingham fluid
flowing in the inclined cylindrical pipe with gravity potential. Then, the condition of the
cave formation is formulated and compared with the lava tube caves of the Earth such
as those of the Mount Fuji. This formulation was applied to estimate the height of the
lava tube caves of the Moon. Gravity, lava density, slope angle and Bingham yield
strength are the decisive parameters that determine the cave height.

Regarding inner structures of the lava tube cave such as lava stalagmite and stalactite,
the role of surface tension of lava on the formation of lava stalactite and lava stalagmite
is analysed by two different physical models; A hydrodynamic instability model is used
for a lava stalactite formation and a fallen droplet model is used for a lava stalagmite
formation. The surface tensions estimated from two different models show a good
coincidence and reasonable value as surface tension of lava. Then, these models are
applied for the case of the Moon to estimate the possible configuration of the stalactite
and stalagmite.
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(B) Onset of instability of liquid layer
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Hulme(1974) [k BE > LK {E (Yield strength)
-Si0, 40%: ~4x103 dyne/cm? (4x102N/m?)
-$i0, 50%: ~4x10*dyne/cm? (4x103N/m? )
-Si0, 60%: ~ 8x10°dyne/cm? (8x10*N/m?)
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Tube height.

20m +

15m |-

10m +

MtFuji

fy=1x10°dyne/cm’
— f=7.5x10*dyne/cm?

f,=5x10%dyne/cm?’
fz=2.5x10*dyne/cm’
—fp=1x10*dyne/cm?® -

fp=5x10°dyne/cm?
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Slope angle
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Cave name Slope angle m

Subashiri-tainai Upper part 20°
15°
Jinza-Fuketsu No1l 13°
Jinza-Fuketsu No3 11.5°
Shoiko-Fuketsu No1A 10°
Shoiko-Fuketsu No1B 7.6°

Motosu-Fuketsu Nol 3.6°
Inusuzumiyama-Fuketsu Nol 12°

Inusuzumiyama-Fuketsu No2 13°
Mitsuike-Ana 3.2°
Atsuhara-Fuketsu 10°
Banba-Ana 4.8°

Im

10m
10m
5m
5m
2m
10m
2m
5-10m
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5.6-19.9m

3.4-17.2m
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3.4-10.1m

3.4-10.1m
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Location of lava flow/lava tube cave:SiO2wt% | Slope angle of Yield strength obtained from Height of
lava tube cave lava tube cave height lava tube

Mt.Fuji: 49~51% 3.2° ~ 20.0° 1x104~7.5x10%*dyne/cm? 1~10m
Mihara-yam.lzu-Oshima:52~53% ~30° 5.0x10%dyne/cm? ~1.5m
Hachijou-jima,Nishi-yama:50.4~50.5% 4.0° ~ 14.0° 2.5x10%*dyne/cm? 2~5m
Kilauea:47~50% 1.0° ~ 4.0° 2.5x103~2.5x10*dyne/cm? 3~17m
Mt.Etna:48% 0.2° ~ 153° 1x10%~5x10*dyne/cm? 2~10m
Mt.St.Helens:50% 2.1° ~ 45° 5x103~2.5x10*dyne/cm? 3~16m
Piton de la Fournaise:48% 1.0° ~ 16.0° 5x103~7.5x10%*dyne/cm? 1~12m
Suchiooc:51% 4.6° ~ 15.8° 2.5x10%~1.0x10°dyne/cm? 4~15m
Cameroon:43.5% ~14.0° 7.5x10%~1.0x10°dyne/cm? 6~8m

W Location of lava Slope angle of lava Yield strength obtained by [ Estimated
flow(Reference row lava flow configuration cave height

1.62 m/s> 2.5g/cm®*  Mare Imbrium(Hulme) 4x103 dyne/cm? (112m)
Marius Hills(elevation 0.38° ~ 0.76° (4x103 dyne/cm?) (30~60m)
/diameter:1-2km/300km)

3.71m/s?  2.5g/cm3®  Ascraeus Mons(Zimbelman) 3.5° ~ 6° 3.3x103~8.3x10%*dyne/cm?

Average:5 ° Av:2.1x10%*dyne/cm? (10m)
Pavonis Mons(elevation 2.66° (2.1x10*dyne/cm?) (19m)

/diameter:8.7km/375km)
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49.09%(;’%&)*,_ P=3~4cm 560~990dyne/cm
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48.8~49.8%(N.Villeneuve), r=0.2~0.25cm,8=2~4cm 490~980 dyne/cm
KaporiF & . 1998 & X
LA=# 573 —X K

48~50% (A.Peltier), P=3~4cm 560~990 dyne/cm
Blanche NordjmA%E . 200408 X r=0.2~0.25cm,8=2~4cm 490~980 dyne/cm
LA=# 5732 —X K

C0,C3,B145AE.
Fad okl - R LR HER

48~52% (N.Hoang) ,3700&RIME N P=3~4cm 560~990 dyne/cm

52.3 Average%(J.Donnelly), P=3~4cm 560~990 dyne/cm

Mushpotifl & ,Catacombs;F & . 36+16kalE N
ATALRVLAYRWU-H)IHIN=T

S R
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