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Abstract The South Polar Layered Deposits (SPLD) are the largest water ice reservoirs on Mars. Their
accumulation is believed to result from climate oscillations that drive the movement of ice and dust on the
surface. The High‐Resolution Imaging Science Experiment and the Colour and Stereo Surface Imaging
System have imaged exposures of its internal structure in troughs and marginal scarps. Here we use the
stereo imaging products of these instruments to extract stratigraphic profiles representative of various
locations throughout the SPLD. Through wavelet and series‐matching analyses of these profiles, we reveal
periodicities in the stratigraphy that correlate to the orbital oscillations that drive climate change on
Mars and that have been observed to force the accumulation of the north polar cap. We infer that the water
ice and dust of the SPLD were deposited at variable rates of 0.13–0.39 mm/year, taking a minimum of 10–30
Myr to accumulate.

Plain Language Summary The single location onMars with themost water ice is in the southern
polar ice cap, in the so‐called South Polar Layered Deposits (SPLD). Changes in Martian climate through
time affect the locations on Mars where ice is stable, and it is believed that these changes drove the
accumulation of layers upon layers of ice and dust in the SPLD. The High‐Resolution Imaging Science
Experiment and the Colour and Stereo Surface Imaging System are satellite cameras that have photographed
troughs and scarps within the SPLD to produce 3‐D views of this layered internal structure. We analyzed this
structure and found patterns in the layering related to variations of Mars' orbit and spin axis. These
variations drive climate change on Mars, so our analysis confirms the connection between the SPLD and
Mars' astronomical parameters. From this relationship, we inferred that the ice and dust of the SPLD took at
least 10–30 Myr to accumulate.

1. Introduction and Background

The polar layered deposits (PLD) of Mars compose most of the Martian polar ice caps. Their stratified
structure of ice and dust (Figure 1), visible remotely in scarps and spiral troughs (Cutts et al., 1976), has been
hypothesized to contain a decipherable record of climate (Cutts, 1973; Murray et al., 1973) resulting from
oscillations in Mars' astronomical parameters (Cutts & Lewis, 1982; Howard et al., 1982; Laskar et al.,
2002; Murray et al., 1973; Toon et al., 1980), analogous to Milankovitch cycles recorded in Earth's geologic
record (Hays et al., 1976). One of the main objectives of Mars polar science is to connect patterns in the
PLD structure to patterns in these oscillations, to effectively “read” the Martian climate record (Smith
et al., 2017).

Observations of the North PLD (NPLD) by orbital imagers (Becerra et al., 2017; Fishbaugh et al., 2010;
Fishbaugh & Hvidberg, 2006; Laskar et al., 2002; Limaye et al., 2012; Milkovich, 2005) and subsurface
sounding radar (Lalich & Holt, 2017; Phillips et al., 2008; Putzig et al., 2009; Smith et al., 2016), as well as
models of its accumulation (Hvidberg et al., 2012; Levrard et al., 2007), generally support the theory that
the stratigraphic record of the NPLD is forced by orbital oscillations. No such conclusions have been made
for the South PLD (SPLD, Figure 1a). One reason for this is the difference in surface age between both PLD:
The latest NPLD estimate is 0–1,500 years (Brown et al., 2016; Landis et al., 2016), whereas SPLD estimates
vary regionally between 7–14 Myr (Herkenhoff, 2000) and 30–100 Myr (Koutnik et al., 2002). As the
solutions for the past orbital evolution of Mars are nonunique before ~20 Ma (Laskar et al., 2004), there is
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no reliable climate function to compare to the SPLD record, which has discouraged prospects of tying the
SPLD to astronomical forcing.

Analyses of the SPLD using images, topography, and radar have identified different stratigraphic units.
A three‐sequence, large‐scale stratigraphy (Milkovich & Plaut, 2008; the bench‐forming layer [BFL]
sequence (Byrne & Ivanov, 2004), the Promethei Lingula layer [PLL] sequence, and the inferred layer
sequence) was the starting point for future stratigraphic mapping. Posterior measurements of bed
thickness and slope trends showed no signs of orbital forcing (Limaye et al., 2012), but the identification
of a widespread recent accumulation package (WRAP) in both PLD by the Shallow Radar (Seu et al.,
2007) allowed dating of the beds above this WRAP to ~370 ka based on ice‐deposition modeling of
the NPLD (Smith et al., 2016). Recently, a radar‐based SPLD structure with three facies was described
and correlated to previously mapped units (Whitten & Campbell, 2018). Still, no signs of orbital forcing
that could enable estimates of accumulation timescales have been discovered in the SPLD water
ice units.

Here we measure periodicities in SPLD bedding exposures and compare them to the characteristic
frequencies of Mars' insolation to test for astronomical forcing. We use digital terrain models (DTMs) of
SPLD outcrops made from stereo images taken by the High‐Resolution Imaging Science Experiment
(HiRISE (McEwen et al., 2007)), along with the first DTM of the SPLD produced by the Colour and Stereo
Surface Imaging System (CaSSIS (Thomas et al., 2017)). We investigate discrepancies in the signals that
may discriminate between different epochs of accumulation, and we estimate accumulation rates. In
addition, we compare the detected signals and stratigraphic profiles of the SPLD to those of the NPLD, to
investigate the relationship between Mars' polar caps.

2. Data and Methods

Our data set (Figure 1a and supporting information Table S1) consists of 15 HiRISE DTMs (e.g., Figures 1b
and 1c; Kirk et al., 2008) and one CaSSIS DTM (Figure 1d) of exposed SPLD beds. The CaSSIS stereo image
pair was taken within one orbit of the host spacecraft ‐ the ExoMars Trace Gas Orbiter (TGO) (Thomas et al.,
2017) ‐ resulting in both images having the same lighting and surface conditions. The CaSSIS DTM was
produced using the 3DPD pipeline (Simioni et al., 2017; see supporting information).

Figure 1. (a) Topographic colored relief map (Mars Orbiter Laser Altimeter) of the South Polar Layered Deposits with study site locations and their grouping.
(b) Colored relief view of the High‐Resolution Imaging Science Experiment digital terrain model of site S5. In (b), (c), (d), and (e) black lines trace the ground
track of the extracted profiles. (c) High‐Resolution Imaging Science Experiment orthorectified image of site S5 displaying the exposed bedding. (d) Colored
relief view of Colour and Stereo Surface Imaging System digital terrain model in site S15. (e) Colour and Stereo Surface Imaging System full color image composed
with the RED, PAN, and BLU filters.
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2.1. Stratigraphic Profiles

To observe periodic signals in the stratigraphy connected to orbitally forced accumulation of the SPLD, we
require depth profiles from the outcrops that represent physical properties of the internal beds. These pro-
files must act as “virtual ice cores” of the Martian ice sheets, showing the change with depth of a particular
property of the SPLD. In the NPLD, the “protrusion” of exposed beds relative to the average slope of the
trough wall was shown to be a proxy for resistance to erosion (Becerra et al., 2016) and is more likely to have
a direct relationship to internal properties of the strata than to the brightness of the exposure (Herkenhoff
et al., 2007). This distinctionmay be especially important for the SPLD, given that outcrop brightness is more
uniform with depth than in the NPLD (Limaye et al., 2012; Milkovich, 2005; Milkovich & Plaut, 2008) and
thus more likely to represent a noninternal layer property, like sublimation lag or postexposure
deposited dust.

We extracted depth‐varying protrusion profiles from 16 study sites (Figure 1a) by fitting a line within a loca-
lized window along a 1‐D topographic profile in the DTM and measuring the normal distance between the
topography and the linear fit at the center of the window. This difference is the protrusion at each point of
the profile. A depth‐dependent protrusion profile is then obtained by moving the window and calculating
this difference along the entire topographic track. This method is similar to that of Becerra et al. (2016).
We selected a window size of 350 m, the same used for the NPLD, and averaged five parallel profiles spaced
10 m apart to reduce noise caused by local roughness (Becerra et al., 2016). Figure 2a shows the average pro-
trusion profile for site S5 (details of the procedure are given in Figure S1). All 16 profiles are in Figure S2.

2.2. Depth‐Series Analysis

The search for periodicities in the protrusion profiles uses wavelet analysis (Torrence & Compo, 1998). A
wavelet transform decomposes one‐dimensional time series (here time is represented by depth) into their
components in time‐frequency (depth‐wavelength) space (Becerra et al., 2017). The wavelet transform of
each profile is computed by normalizing the profiles to zero mean and unit variance and then convolving
with the selected wavelet function (see supporting information). The wavelet power spectrum (WPS) is
the square of the real part of the transform and shows the change in power with wavelength and depth
(Becerra et al., 2017; Torrence & Compo, 1998). In the WPS, the abscissa of peaks in power represent domi-
nant wavelengths in the profile (e.g., Figure 2b).

However, we must account for the probability that a randomly generated profile could have similar periodi-
cities with high power. The statistical significance of periodicities in paleoclimate records can be constrained
by assuming that the record is modulated by red noise (first‐order autoregressive process “AR(1)”) and com-
paring the spectral power of the records to that of random simulations of this background (Mann & Lees,
1996). Stratigraphic records of the Martian NPLD follow an AR(1) background (Becerra et al., 2017;
Perron & Huybers, 2009), and we show this to also apply to the SPLD (Figure S3). Thus, we tested for signifi-
cance of the detected wavelengths in each study site by comparing the WPS of the protrusion profiles to that
of an AR(1) background. For each profile, we simulated 10,000 AR(1) series with the same mean and var-
iance as the profile and compared their wavelet power at every point in wavelength‐depth space. We then
drew contours of confidence in the WPS of the real profile that delineate regions of this space in which
the power of the profile is higher than 95% of the simulations (e.g., Figure 2b), following previous work
and convention (Becerra et al., 2017; Perron & Huybers, 2009; Torrence & Compo, 1998).

To ensure selection of only the most dominant periodicities in the profiles, we required that the measured
wavelengths be statistically valid for at least 5 times the wavelength value (i.e., a 20‐m wavelength must
be valid for ≥100 m) and for >20% of the total depth of the profile. The comparison with the orbital forcing
function considers only those profiles with two overlapping wavelengths (Figure 2d and Table S2). In peri-
odic sequences such as the PLD, the detection of one dominant wavelength does not imply forcing. Rather,
detections of pairs of periodicities with a characteristic ratio similar to the ratio between orbital oscillation
frequencies can be used as evidence for this forcing and to estimate time‐averaged accumulation rates and
timescales (Becerra et al., 2017; Lewis & Aharonson, 2014; Lewis et al., 2008).

2.3. Profile Comparison

In addition to testing for orbital forcing, we use the measured periodicities to compare each study site and
estimate relationships between records in different geographic and stratigraphic positions. We
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hypothesize that profiles extracted from previouslymapped stratigraphic units will have similar wavelengths
and conform a single record that may be separate from a record in another unit with different wavelengths.

We complement this correlation with dynamic time warping (DTW), a signal‐matching algorithm pre-
viously used to compare profiles of real and simulated stratigraphy in the NPLD (Becerra et al., 2016; Sori
et al., 2014). DTW tunes a stratigraphic profile to search for the optimal match between it and another profile
that is kept fixed (see supporting information text and Figure S4).

DTW is also used to compare the SPLD profiles to NPLD profiles (Becerra et al., 2016, 2017). However, given
the age difference between both PLD, and as DTW does not uniquely prove one signal is forced by another
(Becerra et al., 2016), we do not assume that a good match here implies that both profiles represent the same
record but rather that they have a high probability of having been influenced by the same forcing functions.

3. Results
3.1. Wavelet Analysis

We grouped the study sites based on their stratigraphic and geographic location (Figure 1a). Figures 2a–2c
show how dominant wavelengths were measured in site S5 (WPS of all 16 sites are in Figure S2). To compare
pairs of periodicities (Becerra et al., 2017; Lewis et al., 2008), wemeasured a long and a short dominant wave-
length in all profiles where it was possible and calculated the mean and standard deviation of each in every
group. The ratio of long/short mean wavelengths in each group is the representative candidate “climate sig-
nal” for that group. These measurements are shown in Figure 2d for all sites and groups. Uncertainties of the
measured wavelengths are in general the half width at half maximum of the peak in global (i.e., depth aver-
aged) wavelet power at that wavelength (Figure 2c), but we also assumed a systematic error of measured
wavelengths equal to at most the upper limit vertical precision of the DTMs (<2 m for HiRISE, <5 m for
CaSSIS). Uncertainties for the means are the propagated uncertainties within each group.

Figure 2. (a) Protrusion profile of site S5. (b) Wavelet power spectrum of S5. Warmer colors signify higher power, and
black curves delineate the 95% confidence contours over red noise, within which periodicities have statistically signifi-
cant power. The red dashed linemarks the cone of influence in the wavelet power spectrum, outside which peaks in power
are unreliable (Torrence & Compo, 1998). The white bar represents the S5 wavelength ratio of 2.36. (c) Global wavelet
spectrum of S5. The blue dashed line is the 95% confidence level over red noise. Vertical arrows denote the two dominant
wavelengths identified based on the criteria explained in the text, with the white bar representing the same ratio as in (b).
(d) Table with wavelet analysis results for all sites. Colors represent the different geographic groups. AM = Australe
Mensa; AS = Australe Scopuli; PL = Promethei Lingula; PUL = Ultima Lingula; UL = Ultima Lingula.
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Thirteen out of the 16 sites (81%, Table S2) display dominant wavelengths in their protrusion profiles that
meet our significance criteria, and nine (56%, Figure 2d) have overlapping wavelength pairs and thus an
identifiable climate signal. In the Australe Mensa (AM) group, S11 is the only site that qualifies, with
wavelengths of 37 ± 6 and 20 ± 4 m and a ratio between them of RM = 1.85 ± 0.48. The Australe Scopuli
(AS) group has two profiles with overlapping wavelengths, with means of 16 ± 3 and 9 ± 1 m, for a ratio
RS = 1.78 ± 0.35. In Promethei Lingula (PL), S5 is the only site with overlapping wavelengths, equal to
26 ± 3 and 11 ± 2 m with a ratio Rp=2.36 ± 0.51. Finally, in Ultima Lingula (UL), five sites qualify, with
mean wavelengths of 36 ± 3 and 17 ± 2 m, for a ratio RU = 2.12 ± 0.31.

Given that protrusion is likely a better stratigraphic property for paleoclimate studies (Becerra et al., 2016,
2017), we present analysis of protrusion profiles as our nominal results, but analysis on profiles of local slope
and brightness are included in Table S2.

The sites in PL and UL sample similar elevations in the SPLD and have similar average wavelengths and
ratios different from those detected in the adjacent AS group, suggesting that PL and UL could be part of
the same record. Both Lingulae are stratigraphically and morphologically similar regions of the SPLD,
and past work has implied that they constitute one stratigraphic unit (Milkovich & Plaut, 2008; Whitten
& Campbell, 2018). We therefore combine PL and UL into one group (hereinafter referred to as PUL group),
for which the average dominant wavelengths are 35 ± 3 and 16 ± 2 m, with a ratio RPU = 2.19 ± 0.33.

3.2. DTW

We used DTW to evaluate the uniformity of signals within the SPLD, that is, whether sites within one group
correlate better to each other or to other groups, and to compare the 16 SPLD profiles to the 16 NPLD profiles
(Becerra et al., 2016, 2017), in order to reveal similarities between the forcing of the two PLDs. The left and
center panels of Figure 3 show the individual comparisons between all profiles, and the tables on the right
rank, the profiles by how well they match all other profiles in the SPLD and all profiles in the NPLD. For
example, profile S13 achieves good matches with all but one SPLD profile (S7; Figure 3, left) and two
NPLD profiles (N4 and N14; Figure 3, center), so it is ranked first in SPLD versus SPLD and second in
SPLD versus NPLD. We then rank the geographic groups by the total number of good matches achieved
by profiles in that group. The columns labeled “Group” display the group to which each ranked site belongs
and so show which groups achieved better fits on average. In the SPLD versus SPLD case, profiles in UL
achieve good matches with each other and with PL profiles, and in the SPLD versus NPLD case, UL again
achieves the highest number of good matches with the NPLD.

Figure 3. (left) Combinations of dynamic time warping tunings between South Polar Layered Deposits (SPLD) profiles that yield statistically significant matches
(filled red squares). (center) Combinations of tunings of SPLD to North Polar Layered Deposits (NPLD) profiles that yield statistically significant matches.
Filled blue squares represent good matches when the NPLD profile was kept fixed while the SPLD profile was tuned (Figure S4). Filled red squares represent good
matches with the inverse tuning. (right) Ranking of SPLD profiles by the number of significant matches they achieve with other SPLD profiles (SPLD vs. SPLD)
and with NPLD profiles (SPLD vs. NPLD).
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4. Discussion and Interpretation
4.1. Timescales of Accumulation

Insolation at Mars has five principal periodicities due to oscillations of various orbital parameters (Laskar
et al., 2004). The WPS of the last 20 Myr of mean annual insolation over the SPLD (Figure S5a) shows that
the most important of these are the precession of Mars' argument of perihelion (51 kyr) and the primary
mode of oscillation of the obliquity (120 kyr), which have a ratio of 2.35. The emplacement of the SPLD likely
occurred before 20 Ma, and the orbital solutions of Laskar et al. (2004) become chaotic further into the past.
However, the change in the main oscillation frequencies over longer times is small enough that we can
assume the same frequencies have forced the evolution of the insolation throughout at least the Late
Amazonian, despite the solutions beyond 20 Ma being nonunique (Bills & Keane, 2019; Laskar et al.,
2004). This stability is shown in Figures S5b and S5c, which show the spectral analysis of two insolation
solutions with widely different behaviors over the past 250 Myr.

The detection of pairs of periodicities in the stratigraphy allows a comparison between their ratios and that of
the insolation periods. Intuitively, if the ratios agree, each of the stratigraphic wavelengths can be related to
the orbital periodicities to calculate average accumulation rates and time spans. However, stratigraphic
ratios in the NPLD were found to be lower than the insolation forcing ratio by as much as 30% (Becerra
et al., 2017). Models of the NPLD accumulation (Becerra et al., 2017; Hvidberg et al., 2012) showed that such
lower ratios are consistent with orbital forcing if the relationship between ice accumulation and insolation is
nonlinear. The similarities seen here between the average wavelengths and ratios of the SPLD and those in
the NPLD (Becerra et al., 2017), as well as the results of the DTW comparison, show that it is reasonable to
assume that the nature of the orbital forcing of the SPLD is similar to that of the NPLD.We thus interpret the
stratigraphy as being consistent with orbital forcing if it contains statistically significant periodicities with
ratios equal to, or smaller by at most 30% than, that in the insolation.

Our results indicate that at least three records of accumulation with distinct spectral characteristics are
observed (Figure 4), in agreement with prior work (Milkovich & Plaut, 2008; Whitten et al., 2017; Whitten
& Campbell, 2018). The lowermost record is in PUL. This record is overlain by a unit in AS, which is itself
overlain by the topmost record in AM. The possible correlation with previously identified units is indicated
in Figure 4.

Comparing the main insolation frequencies with the stratigraphic wavelengths allows us to estimate time‐
averaged limits on the accumulation rates of the different SPLD units. These are presented in Figure 4,
where the long wavelength is tied to the 120‐kyr period and the short to the 51‐kyr period. For PUL, the accu-
mulation rate derived from the 35‐ and 16‐mwavelengths is 0.29–0.31mm/year. The wavelengths of 16 and 9
m observed in AS profiles imply a decrease in accumulation rate to 0.13–0.18 mm/year, and AMwavelengths
of 20 and 37 m signify an increase back to 0.31–0.39 mm/year.

Figure 4. Schematic of stratigraphic units of the South Polar Layered Deposits and accumulation timescales. The abbre-
viated names of the units are on the left (see text). Black font = units defined here. Red font = sequences defined by
Milkovich and Plaut (2008). Blue font = radar facies (Shallow (SL), Focused (FL), and Blurred (BL) Layer Facies) of
Whitten and Campbell (2018). The lowermost inferred layer (IL) sequence (Milkovich & Plaut, 2008) was not observed
here. Accumulation rates and times are shown on the right. AM = Australe Mensa; AS = Australe Scopuli; BFL = bench‐
forming layer; IL = inferred layer; PLL = Promethei Lingula layer; WRAwidespread recent accumulation package.
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We can then generate an order‐of‐magnitude estimate on the accumulation time by assuming a constant,
geographically uniform accumulation rate throughout the entire SPLD, and no long periods of net ablation.
If we assume the fastest accumulation rate of 0.39 mm/year— that of AM—to be valid for the whole SPLD
stack, then it would have taken ~9.7Myr to accumulate the 3.8 km (Plaut et al., 2007) of SPLDmaterial. If we
instead consider the slowest accumulation rate of 0.13 mm/year—that of AS—then the time to accumulate
3.8 km is ~28.5 Myr.

More detailed approximations of accumulation times for each unit can be calculated using thickness esti-
mates from prior work (Milkovich & Plaut, 2008; Plaut et al., 2007; Whitten & Campbell, 2018) and absolute
elevations in the DTMs. PUL exposures are located in a region of the SPLD between 0.5 and 2 km thick
(Plaut et al., 2007). In AS, this thickness is 2.5–3.0 km (Plaut et al., 2007). Whitten et al. (2017) inferred that
the PLL sequence (Milkovich & Plaut, 2008) must have had higher accumulation rates than the subsequent
depositional periods. This agrees with the decrease in accumulation rate that we measure between PUL and
AS. However, the PLL sequence appears to include both our PUL and AS units, making it difficult to define a
boundary between them and thus a thickness for AS.We estimate this thickness from the elevation ranges of
our profiles. In AS, the difference between the top of the highest‐reaching valid profile (S6) and the bottom of
the lowest‐reaching valid profile (S9) is 570 m. In addition, the bottom of S9 barely overlaps with the top of
S8, which is the highest‐reaching valid profile in PUL (see profiles in Figure S2 for absolute elevations). We
therefore assume that the AS unit must span at least ~500 m, and if up to 2 km of material corresponds to
PUL, then 0.5–1 km must correspond to AS. The profiles in AM are located at the top of the thickest part
of the SPLD, where the whole cap reaches thicknesses of 3.8 km. Subtracting the 2.5 to 3 km of PUL + AS
leaves 0.8–1.3 km of material that could correspond to the AM record and overlie PUL and AS. This topmost
record in AM could correspond to the BFL Sequence ofMilkovich and Plaut (2008) andmust also include the
WRAP of Smith et al. (2016), although it cannot correspond exactly to it because the WRAP is stratigraphi-
cally above the BFL and is <210 m thick, while the S11 profile in AM is >500 m thick (see Figure S2.11).

Figure 4 displays our derived stratigraphic structure with accumulation times, as well as approximate com-
parisons with the units from previous work. We show the minimum estimated accumulation time for the
SPLD, that is, the “faster” case in which AS is 0.5 km thick and AM is 1.3 km thick. Were it the case that
the AM record is less than 1.3 km thick, the difference would be part of the AS record. With the derived rates,
the 2‐km stack in PUL would have accumulated in 6.4–6.9 Myr; the 0.5 km of AS would have been deposited
in 2.8–3.9 Myr and the 1.3 km in AM in 3.4–4.2 Myr. These times combine to give a total accumulation time
for the entire SPLD between 12.6 and 15 Myr.

Naturally, all estimates above are lower limits due to the assumption of no long hiatuses or periods of net
ablation. The widespread presence of unconformities (Smith et al., 2016; Whitten & Campbell, 2018) are evi-
dence that this is not the case. Still, our results show that a record of astronomically forced climate is present
in the SPLD, although it is more complex than its counterpart in the NPLD.

Absolute dating of the SPLD requires a reliable age for a bed. The best estimates of surface age can be used to
transform the time spans calculated here to ages of SPLD emplacement, resulting in a widest lower limit
range for the onset of accumulation between ~17 Ma (considering the youngest 7‐Ma age estimate of
Herkenhoff, & Plaut 2000) and ~130 Ma (considering the oldest 100‐Ma estimate of Koutnik et al., 2002).
If the younger age is accurate, then the accumulation could potentially be modeled using the insolation solu-
tions (Laskar et al., 2004), inviting research into a full‐scale, paleoclimate‐based accumulation model for
both PLDs.

4.2. Uniformity and Comparison With the NPLD

The main implication derived from the DTW results is that the most uniform record is in UL and that pro-
files there correlate well with PL profiles, in agreement with the wavelet measurements and with the radar
results that find neatly stacked beds in UL and PL (Whitten & Campbell, 2018). This also supports the idea
that PUL as a whole represents a distinct record of accumulation (Milkovich & Plaut, 2008; Whitten et al.,
2017; Whitten & Campbell, 2018). The comparison between other groups, however, is more ambiguous
and gives no definitive implications that a particular record is observed within two sites of the same group.
This complexity of the records outside UL could partially be explained by differential erosion or modification
of the exposures. On the other hand, the uniformity of the UL record suggests that it may be the best place to
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continue paleoclimate analysis, and the good matches between UL and NPLD profiles support the notion
that regional climates in the south and north polar regions of Mars are influenced by the same factors, albeit
at different times.

This relationship between the SPLD and the NPLD is also observed in the results of the wavelet analysis of
the previous section (see Figure 2 here and Table 1 of Becerra et al., 2017). First, the mean wavelength ratios
of all SPLD groups are within the uncertainty of the NPLDmean wavelength ratio. Second, the NPLD wave-
lengths themselves are similar to those detected in PUL. Lastly, the insolation periodicities inferred to have
forced NPLD accumulation (Becerra et al., 2017) are the same ones that we infer to have forced
SPLD accumulation.

5. Conclusions

Wavelet analysis of high‐resolution stereo data of SPLD bed exposures has revealed the presence of statisti-
cally significant signals of climate forcing in the stratigraphic record, resulting in the calculation of accumu-
lation rates for the SPLD of 0.13–0.39 mm/year and lower limits on the accumulation time between ~10 and
~30 Myr. The dominant stratigraphic periodicities vary according to geographic and stratigraphic location
and indicate at least three periods of accumulation separated by changes in accumulation rate but forced
by the same insolation periodicities. Signal matching shows that the most uniform record is in UL, making
it the best place to continue paleoclimate analysis taking advantage of the capabilities of the
CaSSIS instrument.

The stratigraphic record in the SPLD is more complex than that in the NPLD, but we have shown that a
potentially readable record of astronomically forced climate is not only present there but also appears to
have been forced by the same oscillations as its northern counterpart, hinting at a climatic connection
between both ice sheets that spans tens of millions of years.
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