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Abstract

Gullies and lobate deposits commonly occur on the flanks of craters and dune foresets on
Mars. These topographic features are thought to have been formed by debris-flow processes. De-
bris-flow processes suggest the existence of liquid water on the surface of Mars, which is believed
to have an extremely cold and dry environment. Debris flows occur when masses of poorly sorted
sediment, agitated and saturated with water, surge down slopes in response to gravitational at-
traction. Thus, recent activities of debris flows imply the existence of liquid water phase materi-
als on the Martian surface. However, the dry granular flow caused by a slope avalanche can also
form gullies and lobate deposits, which resemble debris-flow deposits, so there are still uncer-
tainties over the occurrence and origins of liquid water on the modern Martian surface. This
study proposes a method for estimating debris-flow properties, in order to distinguish debris-flow
processes on Mars. Preliminary results suggest that a lobate deposit on Mars can be formed by a
debris flow that shows flow properties similar to water-saturated debris flows on the Earth. If
rheological parameters of the flows can be determined from the surface morphology of lobate de-
posits, it would be helpful for distinguishing debris-flow processes from dry-granular flows. Al-
though our method is in the course of development and it is still difficult to determine flow types
from rheological parameters alone, future field surveys and experimental studies will provide
criteria for identifying debris flows.
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Fig.1 Examples of gullies and lobate deposits on
Mars. This image is from Mars Orbiter Camera
(MOC) PIA0815 (Malin et al., 2006a). Width
of the image is about 3 km. Many gullies and
lobate deposits located at the end of gullies
can be observed on slopes at the fringe of Terra
Cimmeria Crater (33.5°S, 207.2°W).

HLTWde E7, “RILRFOFOTHIL (1
122, 2005), WA COL 12X o THEI SN 5T
it (Musselwhite et al., 2001), FIAKIC
BEHOIWTNEEEA DN S o 72T X 53
Fk Tt (frosted granular flow) 3 (Hugenholtz,
2008), %= &KL K OWHASRESNTED, X
ARMTHRARDOKD EOFEEE T — T IRHIE DI
WZHG LTV BRI OWTIRERDIE DOV T
WV, KEOT—7IRMIE % FHE OO
e LTHWA IR, Zou—7 RN
FCREEDT BUEDNDHLHES I,
ZoOKREOU—T7TIRBMEORRIZEL T, A

—164—



FEHERE Y D HIABTIZ & o TRE LA FARGLOZ Y
HE BT 5 2 L2 RWMERET 5. T3, K
BEOEBTRI >TWAEDIRTAKTDH S LEE
T5, LT, TAKOBMEESTVEANHLT,
KEOU—TRHMEOBIEZITH . OB, &
FTOTEEREE R - #ER &) ISR L 7o
BONTAXA—F —DRATHDZ EDBMELE L
bo FIT, EBEOXKEOT—TRMIEE EA
T, ETANL-L b XCHIEZHIATL LK
BALFHEIC X 5o TG A= —2EBHT 5, ki
B, 5NN T A —F —sEk ETo LA
DLDOENPTHENT-LDOTHNIZE, KETEZ -
TWABRHRIIHER O AR E IR ko7
LOTHLWHEE D EV. —J7, HEkEToOKE
TR E SNz A0 & F U EZ b - 723
Lo TREDT = THEIERENTVLD7E
L n L, KERBIIIFAARDKHERIIIED)
L, WBERIMERICHS LT3Rkl mE 5
A9, FEWZERTIEH L5, BlHETHOZ
D K A FGRHERE ) O TG RO W TARFR L
S L, SHROBEICOWTIRE T %,

IL. *HRROBENR

RIFFETIE, KEIZASN LT — 7RO
BB Z M 5 720, WP OIERY S 1A
70t 2O R RA T, T, LRIKORE)
ERT T+ T — RFEFVMIZOWTHPIL, KkIZHE
BOWEDR ST+ T — FEFIVDISSG A —F —%
K& BB TEIZOWTHIT 5,

1) 74#7—KEFI

AW TIX, THROMMEET IV & LT BING
(Imran et al., 2001) #HHT2 (XK2), ZDOE
TV L ARS—EDOMWTHRNL Z L2 HEL T
By, hol+ay—der TaikThsb
EERRELTWS, E U A ARMKIZRRIS 2T
ol % BYWTIE ) T CIERERE LTH % F ) HE»D
%o AW FETIZBERISIIAVN S Wiz, B
Wiie I 2SBARIS T % N 0l - T AR LS % #HIsASC
XBUEMDEH Y, Z0XH REKRL L 725
(TR AFAE LR B 5838) 24t (Plug flow)
WEMES (M2). —7, o FiEbidHEL R

Debris-flow

Flow density: O,
Flow viscosity: 4,
Flow yield strength: T, X
2 THWETNVBING D/8TF A —F—.
Fig. 2 Parameters of debris-flow model BING.
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Fig. 3 Topography of debris-flow deposit obtained with
an inverse analysis. Input data of topography
are based on averaged values of gullies and
lobate deposits on Protonilus Mensae (44°N, 51°
E) reported by Levy et al. (2010).
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Fig. 4 Behavior of debris flow estimated with an
inverse analysis. Each line indicates a snapshot
of the debris flow every six seconds.
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Fig. 5 Volume fraction of solid particles and viscosity
coefficients of sediment-gravity flows. Values of
debris flows and hyperconcentrated flows on the
Earth, experimental debris flows (Mangold et
al., 2003) and results of this study are plotted.
Parameters estimated in this study are almost
coincident with values of debris flows on the
Earth.
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