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Abstract The calculation of formation timescales of alluvial fans and deltas on Mars is important as it has
direct implications for understanding the planet’s hydrologic history. The robustness of sediment transport
models is not in doubt but validation of the broad approach using a terrestrial example of similar scale and
likely origin, where hydraulic parameters and timescales are known, is useful. Using a catastrophically formed
terrestrial fan, where abundant sedimentological information is available, we find that the modeled hydraulic
parameters and formation timescales are in very close agreement with the known values of the event. This
supports the general modeling approach as applied toMars fans but also highlights the added value of detailed
sedimentary information when reconstructing hydraulics and timescales on Earth and Mars, which cannot be
confidently gleaned from the final snapshot of surface geomorphology alone.

1. Introduction

The release of exceptionally large volumes of sediment-laden water is rarely observed, yet these events have
a devastating and long-lasting imprint on landscapes and the sedimentary record. Such events erode mate-
rial from the steeper slopes and deposit alluvial fans and deltas, collectively termed fans, on the lower slopes
down system. This general behavior and pattern of landform formation is ubiquitous on Earth and Mars
[Jerolmack et al., 2004; Parker et al., 1998], and the physics describing their formation is broadly understood
[Kleinhans, 2005; Kleinhans et al., 2010]. As a consequence, attempts have been made over the past decade
to quantitatively investigate fan formation timescales on Mars, which can inform us about the volume,
nature, and activity of water flow [Kleinhans, 2005; Mcintyre et al., 2012; Buhler et al., 2014; Hoke et al.,
2014]. These calculations are usually based on the final snapshot of the event, imprinted on the landscape
and rarely account for the sedimentology and stratigraphy that often demonstrate processes not evident
from the final geomorphology [cf. de Haas et al., 2015]. For the first time in the history of Mars exploration
the Curiosity Rover has identified unambiguous sedimentological evidence of fluvial sediment transport
and deposition associated with an alluvial fan formation [Williams et al., 2013]. It is therefore pertinent to
question how these in situ observations might benefit, confirm, or contradict what is indicated from orbi-
tal data. We apply the same modeling strategy used to reconstruct the hydraulics and timescales of fans
on Mars [Kleinhans, 2005; Kleinhans et al., 2010] to the 1918 catastrophically formed fan in southern
Iceland [Duller et al., 2008, 2014], which is of similar scale and magnitude to many Martian systems
[Warner and Farmer, 2010], and has a same possible origin [de Villiers et al., 2013]. Importantly for the pur-
poses of this investigation, a considerable amount of information exists about the 1918 Iceland event.

2. The Terrestrial Catastrophic Fan

The 1918 catastrophic jökulhlaup (glacier outburst flood) affected large areas of the proglacial outwash plain,
Mýrdalsandur (400 km2), southern Iceland (Figure 1), and is themost recent addition to the Mýrdalsandur vol-
caniclastic fan. Since at least 980 AD this fan has been constructed from regular catastrophic jökulhlaups
directly related to the subglacial eruptions of the Katla Volcano [Duller et al., 2014]. At 15:00 h on 12
October 1918 a catastrophic jökulhlaup inundated Mýrdalssandur [Jónsson, 1982; Tómasson, 1996]. The max-
imum discharge of the jökulhlaup was approximately 2.5–4.0 × 105m3s�1 [Tómasson, 1996; Elíasson et al.,
2007] and the rising limb of the flood hydrograph had an acceleration rate of >7m3 s�2, one of the highest
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ever recorded in Iceland [Roberts, 2005] compared to values of 0.01–0.03m3 s�2 for flood outflow associated
with ice dammed lakes (J. Carrivick, personal communication, 2015) and 0.005m3 s�2 for the 2005 rainfall-
induced floods in the Kent catchment, Cumbria, UK [Environment Agency, 2009]. These jökulhlaup character-
istics make it one of the most powerful and devastating floods of the twentieth century. The development of
giant sandy bed forms, the transportation of a 1000 t boulder for 20 km and the extension of the coastline by
3 km are demonstrations of the power and severity of this event [Jónsson, 1982; Maizels, 1992; Tómasson,
1996; Duller et al., 2008]. It is estimated that the 1918 eruption of Katla Volcano liberated a total water volume
(Vw) of 8 km

3 and a total sediment volume (Vs) of 2 km
3 during a 6–10 h period [Tómasson, 1996; Duller et al.,

2014]. Eyewitness accounts indicate that the flood inundated the full width of the outwash plain (approxi-
mately 5 km) en route from the glacier margin to the sea (approximately 20 km) [Tómasson, 1996]. The land-
scape morphometry of the outwash plain was completely reorganized by the 1918 event [Duller et al., 2014]
and the present day featureless and flat surface of the sandur provides little evidence for a massive debouch-
ment of sediment-laden water that occurred less than 100 years ago. This basic observation is pertinent to
interpreting Martian sedimentary landscapes [cf. de Haas et al., 2015]. In contrast, extensive sedimentary sec-
tions of the 1918 deposits reveal a single-event sedimentary architecture that is 15–20m thick at proximal-
medial sites and 8m thick at distal sites [Duller et al., 2008; Duller et al., 2010]. Careful examination of the
deposits suggests that sedimentation occurred from a high-energy, fine-grained flow that was highly compe-
tent, i.e. possessing the ability to transport boulder-sized material but which, because of sediment generation
mechanisms, transported and deposited a dominant sand-grade component, thus producing relatively fine-
grained (sand to pebble grade) deposits, with rare outsized boulders [Duller et al., 2008].

3. Sedimentary and Geomorphological Constraints

The sedimentary architecture of deposits at the medial site (Figure 1) is characterized by overlapping lenti-
cular and tabular bed sets, composed of diffusely stratified to structureless sand (Figure 2), which formed
by the periodic construction and destruction of giant bed forms (L= 58 ± 20m) under a supercritical flow
condition (Fr ≥ 1, where Fr ¼ U=

ffiffiffiffiffiffi
gH

p
) [see Duller et al., 2008]. These bed forms exist over a narrow range of

flow conditions so provide an important constraint on flow parameters that could not otherwise be obtained

Figure 1. (a) Locationmap of Mýrdalsandur, southern Iceland illustrating the trajectory of the 1918 jökulhlaup and the proximal
and medial sites used in the modeling analysis. (b) Photograph of the full thickness (14m) of the 1918 volcaniclastic
succession within the medial site (view direction toward the south east).
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from surface geomorphology alone. In particular, the wavelength, L, of formative antidunes can be calculated
from the length of preserved bed sets, Lb, [L~ 2Lb] [Alexander et al., 2001], which can then be used to calculate

flow velocity, U, [U ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffi
Lg=2π

p
] [Kennedy, 1963]. Using Fr values of 0.9–1.1, inferred from sedimentology,

experiments, and theory [Carling and Shvidchenko, 2002], flow depth, H, can then be calculated using
H= L/Fr22π, which combines the Froude number equation with the flow velocity-antidune wavelength
equation given above (see supporting information). Given these sedimentological constraints, we calculate
an average flow velocity of 9.5 ± 1.8ms�1 and an average flow depth of 8.7 ± 3.6m for the medial site
(Figures 3a and 3b). Sedimentary landforms and geomorphic markers at the proximal site suggest a deeper,
slower, subcritical (Fr< 1) flow with a maximum flow depth of 20 ± 5m [Russell et al., 2010]. This increased
flow depth is due to backwater effects as floodwaters were constricted between the bedrock islands of
Selfjall and Hafursey (Figure 1), observed during the event and inferred from proximal deposit sedimentology.
In detail, the 1918 deposits are clast supported and friable, and composed of >95% granule grade, poorly
sorted, subrounded scoria particles that are primary eruptive material with median particle size of
D50=0.002 ± 0.0006m and particle density of ρs= 1400± 300 kg/m3 (Figures 3c and 3d). See supporting
information for sample details.

4. Fan Formation Timescale

Fan formation timescale, Ts, is defined as Ts= Vs/[(1�ϕ)qtotW], where Vs is the volume of sediment deposited
as the fan, ϕ is sediment porosity, qtot is total (bed and suspended load) sediment flux, and W is channel
width. This timescale was calculated using the approach of Kleinhans et al. [2010]. Parameter ranges and
equations used for the Earth and Mars scenarios are given in Table 1.

4.1. Fan Formation Timescale Using Sedimentology and Topographic Data (Earth Scenario)

The hydraulic and timescale calculations of the 1918 fan were undertaken at two locations on Mýrdalsandur:
a proximal site where floodwaters were ponded (Fr< 1) and a medial site where floodwaters underwent
rapid flow expansion (Fr> 1) (Figure 1). The value Vs was calculated from the difference in elevation between
pre-1918 and post-1918 topographic maps giving a value of ca. 2 km3 [Duller et al., 2014]. The total sediment
flux, qtot of the 1918 event was calculated using the empirical formulae Φtot = 0.1/fθ2.5 of Engelund and
Hansen [1967], where f is the friction factor, and θ is the dimensionless shear stress (Table 1). As a comparison,
the sand bed load flux was calculated using the Ribberink [1998] predictor Φbs=11(θ� θcr)

1.65, where θcr is
the shields stress for incipient motion (θcr~ 0.03) (see supporting information).

The calculation of sediment transport rate and flow velocity is dependent on the value of f, and so appro-
priate bounds must be placed on its value. Flow velocity, U, is calculated by the Darcy-Weisbach equation,

Figure 2. Detailed line drawing and accompanying photograph set of the sedimentary architecture of the 1918 volcaniclastic succession (view direction toward the
east). The architecture is due to sedimentation from the periodic and destruction antidunes beneath a transcritical (Fr = 0.9–1.1), sediment-laden water flow. The
length of individual bedsets (Lb) are used to reconstruct formative antidunewavelength (L = 2Lb) that is used to calculate flow velocity and flow depth (see supporting
information for analyses of bed sets). Figure is modified from Duller et al. [2008].
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U = [8gHS/f]0.5 and empirical formulae for sand bed channels [Wilson et al., 2004] (supporting information)
are used to calculate f values for the subcritical proximal site (fFr < 1) and for the supercritital medial site
(fFr > 1). These give values of fFr< 1 = 0.15 and fFr > 1 = 0.03. These values yield values of U = 7–10ms�1

for the proximal site and U = 9–16ms�1 for the medial site, and Fr values of 0.6 and 1.4, respectively
(Table 1). Volumetric sediment discharge and water discharge requires knowledge of flow width, W,
and flow depth, H, which can be adequately constrained at each site from the sedimentology and geo-
morphology (Table 1 and the supporting information).

4.2. Fan Formation Timescale Using Topographic Data and Particle Size Data (Mars Scenario)

To evaluate the benefit of sedimentological information to the timescale calculation, we now assume that
Mýrdalsandur is the surface of Mars (the “Mars scenarios”). In doing so we take the approach available to

Figure 3. (a) Flow velocity calculated from preserved bedsets within the 1918 volcaniclastic succession. P and M relate to
modeled flow velocities for the proximal and medial sites and are calculated independently from the Darcy-Weisbach
equation. (b) Flow depth calculated from preserved bedsets within the 1918 volcaniclastic succession. (C) Distribution of
D10, D50, and D90 values for the particle size distribution of individual samples for the 1918 deposits (n = 58). (d) Particle
density as a function of particle size for the 1918 deposits.
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planetary scientists to estimate fan formation timescales on Mars but purposefully assume that no detailed
sedimentological information is available. Values for flow depth, H, and flow width, W, for the proximal and
medial sites were determined using only topographic data [Google Earth], and both gravel and sand systems
were assumed and investigated (Table 1; supporting information). The values of flow dimensions for the
proximal site were estimated to be W= 2000± 500m and H= 50± 30m for the proximal site (ms3, ms4,
and ms7; Table 1), which are not too dissimilar to the known dimensions owing to the bedrock-constrained
sandur. The flow dimensions of the medial site are more difficult to constrain from topography alone as this is
the unconfined, low relief region of the outwash plain without any obvious textural or colored discontinuities
that might place limits on the affected area. A planetary scientist might therefore reasonably assume that the
affected outwash plain extended much further to the east, up to W=20 km and H=unconstrained
(Figure 1a). However, guided somewhat by our knowledge of the affected area and by our desire to ensure
a critical comparison we estimateW=5000 ± 2000m and H= 30± 20m for the Mars scenarios (ms6 and ms9;
Table 1). Alternatively, the width of the present day Múlakvísl braid plain (Figure 1a), if considered a fossilized
channel relict and measured remotely, could be interpreted as the main outflow channel with H≈ 15m and
W≈ 2000m (ms5 and ms8; Table 1).

5. Results

Given the parameter constraints described above (the Earth scenario, Section 4.1), from a combination of sedi-
mentological and ground-based information, we calculate a timescale of formation of the 1918 catastrophic fan
(es1-2; Table 1) to be 10±7h (Figure 4a). This value compares well to the known 6–10h timescale of the 1918
jökulhlaup [Jónsson, 1982; Tómasson, 1996] thereby providing support to the modeling approach used to
decode fan hydraulics and timescales of formation on Earth and Mars. The values of flow velocity for the
proximal and medial site are also in good agreement with values determined independently from deposit
sedimentology (Figure 4b) and eyewitness accounts. For the planetary approach to analyzing Mýrdalssandur
(the Mars scenario, section 4.2), the timescale of fan formation ranges from 0.1 to 40h for a modeled sand sys-
tem (ms7 toms9; Table 1) and 25 to 700h for a modeled gravel system (ms3 toms6; Table 1). An important, yet
overlooked, parameter that will exert a fundamental control on calculated sediment transport rates is particle
density. The particle density of the Mýrdalsandur fan is ρs=1400kg/m

3 and this contributes to the modeled
timescale of fan formation of 10±7h. However, replacing this known particle density value with a value of

Table 1. Parameter Values, Relationships Used, and Results in Each Modeled Scenarioa

Parameter es1 es2 ms3 ms4 ms5 ms6 ms7 ms8 ms9

Site analyzed Proximal Medial Proximal Proximal Múlakvísl Medial Proximal Múlakvísl Medial
Friction eq. Eq. 7a W Eq. 7b W Eq. 13 K Eq. 14W Eq. 14W Eq. 14W Eq. 7a W Eq. 7a W Eq. 7a W
Transport eq. E-H, Rib E-H, Rib M-PM M-PM M-PM M-PM E-H, Rib E-H, Rib E-H, Rib
Material Sand Sand Gravel Gravel Gravel Gravel Sand Sand Sand
ρs (g/cm

3) 1400 1400 3000 3000 3000 3000 3000 3000 3000
Flow regime Fr< 1 Fr> 1 Fr< 1 Fr< 1 Fr< 1 Fr< 1 Fr< 1 Fr< 1 Fr< 1
W (m) 2000 ± 500 1900 ± 1100 2000 ± 500 2000 ± 500 2000 5000 ± 2000 2000 ± 500 2000 5000 ± 2000
H (m) 20 ± 5 9 ± 4 50 ± 30 50 ± 30 15 30 ± 20 50 ± 30 15 30 ± 20
θ (�) 131–218 44–113 7–30 1.7–4.5 0.82 0.5–3 88–350 65 44–219
U (m/s) 7–10 9–16 6–12 22–43 15 11–31 11–22 10 7–17
MPM (m2/s) - - 1–7 2–7 0.5 0.3–3.2 - - -
E-H (m2/s) 29–109 83–110 - - - - 9–345 4.7 1.7–104
Rib (m2/s) 8–18 1.3–6 - - - - 2–22 1.4 0.7–10
Ts MPM (h) - - 34–454 34–470 551 25–695 - - -
Ts E-H (h) 2–12 3–17 - - - - 0.7–37 10 0.1–19
Ts Rib (h) 13–48 68–120 25–245 33–340 553 73–1116 17–168 270 28–396

aes, Earth scenario; ms, Mars scenario;W,Wilson et al. [2004]; K, Kleinhans [2005]; E-H, Engelund and Hansen [1967]; Rib, Ribberink [1998]; M-PM,Meyer-Peter and
Mueller [1948]. Grain size parameters used: es1-2: D10 = 0.000153m, D50 = 0.002m, D90 = 0.0053m; es3-6: D10 = 0.006m, D50 = 0.095m, D90 = 0.016m [Williams
et al., 2013]; es7-9: D10 = 0.00027–0.0004m, D50 = 0.00031–0.0008m, D90 = 0.0012m) [Herkenhoff et al., 2004; Cabrol et al., 2014]. Scenarios ms3 andms4 highlight
any difference betweenmodel outputs generated by the choice of friction factor relationship used for gravels, which was minimal. For ms8 andms9 the timescale
is independent of flow regime (i.e., Fr) given the interdependence of the shields parameter on flow velocity, U, which is determined by the Fr> 1 or Fr< 1 friction
factor relationship of Wilson et al. [2004]. For Fr> 1 (ms7) U = 23ms�1, and for Fr> 1 (ms9) U = 18–47ms�1. Ts, fan formation timescale; θ is the dimensionless
shear stress, θ = τ/[(ρs� ρw)gD50] (τ is the bed shear stress (N/m2) given as τ = ρgHsin S, ρs is sediment density (kgm�3), ρw is water density (1000 kgm�3), H is
water depth, g is gravitational acceleration (9.81m s�2), and S is transport slope].
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ρs=3000 kg/m
3 to describe nonvesiculated basalt, gives a modeled timescale of 113h (range 51–314h).

Similarly, replacing ρs=3000kg/m3 with ρs=1400kg/m3 for the sand system Mars scenarios gives timescale
of fan formation of 0.03–1.5 h for ms7, 0.4 h for ms8, and 0.004–0.8 h for ms9.

The Mars scenarios that assume sand system (ms7 to ms9; Table 1) generate timescales of fan formation that
are within one order of magnitude of the known timescale, even accounting for the assumed particle density
differences between the Earth and Mars scenarios. However, the close alignment of modeled timescales of
the Earth scenario with the known timescale suggests that sedimentological information, in combination
with traditional topographic analysis, can reduce the level of uncertainty in the timescale calculation.
Given that Mýrdalsandur is one case of topographic setup and a simple one to be interrogated remotely, it
is anticipated that the calculation of fan formation timescales of depositional systems on Earth and Mars with
more complex topographic signatures, would benefit further from sedimentological information.

6. The Intermittency Problem

The 1918 jökulhlaup is one of many volcanically induced jökulhlaups that have cumulatively contributed to the
longer-term buildup and buildout of theMýrdalsandur fan system since at least AD 980 (supporting information).

Figure 4. (a) Calculated timescales of 1918 fan formation for the Earth case where sedimentology has constrained a suite of
physical and hydraulic parameters (es1-2; Table 1) and for the Mars case where parameters were estimated using a
planetary approach (ms3-9; Table 1). E-H = Engelund and Hansen [1967] sediment transport relationship; Rib = Ribberink
[1998] sediment transport relationship; MP-M=Meyer-Peter and Mueller [1948] sediment transport relationship. Asterisk
denotes timescales calculated using E-H for sediment density of 3000 kg/m3. (b) Calculated flow velocity for the Earth
scenarios where geomorphology (es1; Table 1) and sedimentology (es2; Table 1) were used, and for the Mars scenarios where
flow width, depth, and grain size associated with the 1918 event was estimated using a planetary approach (ms3-9; Table 1).
(c) Cumulative volume of sediment received by the historical Mýrdalssandur system, from jökulhlaups of different magnitude,
since AD 980 (black dashed line). Grey-filled area illustrates the volume of sediment generated by an individual event.
(d) Intermittency factor, I, of the Mýrdalsandur system, calculated at each event occurrence (filled lines) by two techniques
(denoted subscript 1 and 2). Dashed lines represent the summative time-averaged (δt) I-value for each technique, which has a
long-term threshold value of I= 2 × 10�5.
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Jökulhlaup volume (a proxy for magnitude) and frequency since this time show a linear relationship and
the total volume of material delivered to Mýrdalssandur since AD 980 is 18 ± 6 km3 (Figure 4c). However,
80 ± 10% of this material bypassed Mýrdalssandur en route to the Iceland Basin or was removed during
interevent periods by perennial processes [Duller et al., 2014]. For the purposes of this discussion we assume
that all sediment can be accounted for. If we use our calculated sediment flux for the 1918 event to estimate
the formation timescale of the entire volume of the Mýrdalsandur fan system since AD 980 (1035 years), then
we arrive at a value 0.062±0.002 years (54± 18h). This discrepancy of several orders of magnitude is due to
the discontinuous nature of processes in space and time [Wolman and Miller, 1960; Anderson and Calver,
1977], which is accounted for by an event intermittency factor Iδtwhere δt denotes time window of observation
[e.g., Buhler et al., 2014]. The event intermittency factor can be defined as: I= tp/t, where tp is the time the system

has been in flood (8h for each event) and t is the actual time [Parker et al., 1998]; or as I ¼ V=TsQ�1
ave, where Qave

is the average sediment transport rate for jökulhlaups over the 1000year period (Qave = 1300 km
3 yr�1). From a

practical stratigraphic perspective, the calculation of I for the long term is misleading and potentially unhelpful.
Clearly, the intermittency factor is an essential parameter in the calculation of realistic timescales of total fan
formation. However, for the long term and for the application toMartian fans and deltas, I is used only to correct
total or final volumes of sediment and does not capture the nature of sediment or water delivery that is ulti-
mately expressed in the sedimentary archive. In other words, in the absence of age constraints and information
related to magnitude and frequency, application of I to the problem of volume and timescales implicitly
assumes that sediment transport rate (and so fan construction) is continuous and spread evenly over the total
time frame of fan construction. As an analogy, theMýrdalsandur fan system has a long term intermittency value
of I=2×10�5 (Figure 4d) and an associated long-term sediment transport rate value of Qδt=0.026 km

3 yr�1,
which is much lower than the known value of Qave = 1300 km

3 yr�1 (note that Qave =Qδt/Iδt). This difference
highlights the temporal-scale dependency of the intermittency factor [Kite et al., 2015], and this has a direct
impact on our expectation of the texture of the sedimentary record in terms of magnitude and frequency
[Marren, 2005]. For example, the sedimentary architecture and texture of the 1918 deposits cannot be recon-
ciled with a Qδt value of 0.026 km

3 yr�1. The discontinuous nature of processes at all scales is inherited by the
sedimentary record at all scales [Sadler, 1981]. Therefore, to unlock the scale and nature of intermittency from
ancient sedimentary successions on Earth and Mars, we must build statistical [Paola and Borgman, 1991;
Schumer and Jerolmack, 2009; Salas and Obeysekera, 2014] and empirical relationships [e.g., O’Connor and
Beebee, 2009; Riley et al., 2013] between magnitude, frequency, duration, and deposit sedimentology and
stratigraphy. This would allow the sedimentary record alone to be used to generate quantitative informa-
tion about ancient hydrologic regimes [Sambrook Smith et al., 2010] and the mechanism of water release
on Earth and Mars [cf. Metz et al., 2009]. On Mýrdalsandur the mechanism of water (and sediment) release
is the periodic eruption of Katla Volcano, and I fluctuates between 0.5 × 10�5 (0.0005%) and 7 × 10�5

(0.007%) (Figure 4d). Here the relationship between event i of magnitudeM (measured as volume contributed,
Vs) over the historical 1000 year period on Mýrdalssandur is constant. In other words, the total sediment volume
contributed by events of a given magnitude (small jökulhlaup magnitude, V0< 0.5×103m3; medium
V0< 1×103m3; large V0< 2×103m3; very large V0< 3×103m3) is the same, owing to the greater frequency
of smaller events. The combination of such relationships with the character of the sedimentology and
stratigraphy can offer more insight into the timescales of fan formation and character of hydrological activity
on Earth and Mars, in the absence of exquisite chronological information.

7. Conclusions

A common modeling approach used to calculate minimum timescales of fan formation on Mars [e.g.
Kleinhans, 2005] is validated by application to a large (ca. 2 km3) catastrophically-formed fan in southern
Iceland, where a large amount of information exists about the event and the associated sedimentology.
Crucially, sedimentary information guided the choice of empirical and sediment transport relationships
used in the Mars scenario, while providing a constraint on particle characteristics and hydraulic charac-
teristics. The chosen relationships yielded values of flow velocity and Froude number that are very similar
to those derived directly from sedimentary architecture and eyewitness accounts, and yielded a narrow
range of modeled fan formation timescale values of between 2 and 17 h compared to the known 6–10 h
duration of the event. A suite of hypothetical Mars scenarios were enforced on the Iceland fan to illus-
trate potential limitations of using the final topography to estimate flow dimensions and using a typical
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value of grain size distribution recorded from Mars missions, as is the current practice. These modeled
Mars scenarios yielded a wider range of modeled fan formation timescales of 0.1 to 40 h (sand system)
and 25 to 700 h (gravel system), within two orders of magnitude of the known timescale. If sedimentary infor-
mation is available and is used in combination with traditional topographic analysis, then uncertainty in the
calculation of fan formation and hydrologic timescales on Earth and Mars will be reduced, particularly if sys-
tems possess more complex topographic signatures compared to Mýrdalssandur. Finally, a much larger
uncertainty is introduced through the unknown value of system intermittency and magnitude-frequency
regime, which can only be solved through a combination of statistical and empirical relationships with sedi-
mentological and stratigraphic information.
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