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Abstract. The data set described here contains information about the surface, subsurface and environmental
conditions of salt pans that express polygonal patterns in their surface salt crust (Lasser et al., 2020b), DOI:
10.5880/fidgeo.2020.037. Information stems from 5 field sites at Badwater Basin and 21 field sites at Owens
Lake – both in central California. All data was recorded during two field campaigns, from between November
and December, 2016, and in January 2018. Crust surfaces, including the mean diameter and fluctuations in the
height of the polygonal patterns, were characterised by terrestrial laser scanner. The data contains the resulting
three dimensional point clouds, which describe these surfaces. The subsurface is characterised by grain size
distributions of samples taken from depths between 5 cm and 100 cm below the salt crust, and measured with
a laser particle size analyser. Subsurface salinity profiles were recorded and the ground water density was also
measured. Additionally, the salts present in the crust and pore water were analysed to determine their compo-
sition. To characterise the environmental conditions at Owens Lake, including the differences between nearby
crust features, records were made of the temperature and relative humidity during one week in November 2016.
The field sites are characterised by images, showing the general context of each site, such as pictures of selected
salt polygons, including any which were sampled, a typical core from each site at which core samples were taken
and close-ups of the salt crust morphology. Finally, two videos of salt crust growth over the course of spring 2018
and reconstructed from time-lapse images are included.

Copyright statement. The data sets referenced in this publication
are made available under the Attribution International 4.0 license
(CC-BY 4.0).

1 Introduction

Salt pans play an important role in climate-surface-5

interactions (e.g. Gill (1996); Prospero (2002); Nield et al.
(2015)). Occurring around the world, they are often covered
by a salt crust expressing polygonal ridge patterns with di-
ameters of roughly one to three meters and ridge heights up
to 0.4m (e.g. Christiansen (1963); Krinsley (1970); Nield10

et al. (2015); Lasser et al. (2019)). These iconic patterned
surfaces annually draw millions of tourists to sites like Salar
de Uyuni or Death Valley (Service, 2019), and some exam-
ples are shown in Fig. 1. The salt crusts themselves are dy-

namic over months to years (Lowenstein and Hardie, 1985; 15

Lokier, 2012; Nield et al., 2013, 2015) and the ridges inter-
act with the often strong winds blowing over the surface. The
wind erodes the surface and carries sand and small salt parti-
cles into the atmosphere. As such, salt pans are amongst the
largest sources of atmospheric dust on the globe (Gill, 1996; 20

Prospero, 2002).
The data summarised here were collected during a project

to investigate the mechanisms underlying the formation of
salt polygons in salt playa. To date, crust patterns have been
attributed to buckling or wrinkling as expanding areas of 25

crust collide (Christiansen, 1963; Fryberger et al., 1983;
Lowenstein and Hardie, 1985), or to surface cracks (Krins-
ley, 1970; Dixon, 2009; Tucker, 1981; Deckker, 1988; Lok-
ier, 2012). Both of these explanations have so far involved
only the salt crust in the pattern formation process, and a 30
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mechanical response in that crust. It is dif�cult to recon-
cile the spacing of such a response, which would depend
on the thickness of the crust, with the remarkably consis-
tent spacing of salt polygon patterns seen in playa with
what can be otherwise very different conditions. For exam-5

ple, salt polygons have been reported in crusts with thick-
nesses ranging from less than a centimetre to several me-
ters (Krinsley, 1970; Lowenstein and Hardie, 1985; Lokier,
2012; Lasser et al., 2019). It has been known for some time,
however, that the pore water in the soil beneath a salt lake,10

tidal �ats or sabkha can express salinity-driven convective
dynamics (Wooding et al., 1997; Sanford and Wood, 2001;
Van Dam et al., 2009; Stevens et al., 2009). We have devel-
oped a model which couples the growth of polygonal salt
ridges at the surface to the dynamics of porous-media con-15

vection cells below them (Lasser et al., 2019; Ernst et al.,
2020). The data presented in this publication was gathered
during research to test predictions arising from this hypoth-
esis. To this end, a characterization of the surface relief at
various sites (Nield et al., 2020b), along with the general20

site conditions (Lasser et al., 2020a), minerals present in the
crusts (Lasser and Karius, 2020)), the subsurface soil com-
position (Lasser and Goehring, 2020b), the spatial salt dis-
tribution below the patterns (Lasser and Goehring, 2020a),
groundwater density (Lasser and Goehring, 2020a)) as well25

as the temperature and relative humidity at various crust fea-
tures (Nield et al., 2020a) was made. These characterisations
are described in larger detail in the present data publication,
along with the study methodology. The associated data sets
are freely available at the PANGAEA data repository.30

To our knowledge, there is no data set that combines the
types of measurements (temperature & humidity, geochem-
istry, grain size distributions and TLS surface scans) that
we present in this publication. Grain size characterisations
are commonly used to characterise the sea �oor (see for35

example Michel et al. (2009); Sirocko et al. (2000)). For
other arid regions, there are a few data sets containing grain
size distributions (Mischke et al., 2017; Arz et al., 2003;
Nottebaum et al., 2020) and one other data set that com-
bines a characterisation of both the grain size distribution40

and the geochemistry (Schwamborn et al., 2019). Terres-
trial Laser Scan (TLS) data sets are published for example
at https://tls.unavco.org/projects/, with one data set originat-
ing from the Death Valley— one of our �eld sites — which
focuses on larger topographic features (Pavlis, 2014).45

2 Materials and Methods

2.1 Research area

We carried out two �eld campaigns to salt pans in central
California, the �rst between November and December, 2016,
and the second in January, 2018. During the �rst campaign50

we conducted a broad survey of several dry lakes in the re-
gion. We focused on Owens Lake and Badwater Basin but

also brie�y visited Soda Lake and Bristol Dry Lake, where
we either found no polygons (Soda Lake, near Zzyzx) or a
crust that was signi�cantly disturbed by salt mining oper-55

ations (Bristol Dry Lake, adjacent to Amboy Rd.). During
the second �eld campaign we visited Owens Lake only and
focused on surface scans and the collection of samples to
compile high resolution subsurface salt concentration pro-
�les. Across both trips we visited a total of 21 sites at Owens60

Lake and 5 sites at Badwater Basin; site designations and
GPS coordinates are indicated in Table 1.

2.1.1 Owens Lake

The Owens Lake basin is bounded by the Sierra Nevada fault
zone to the west and the Inyo Mountain fault zone to the65

east (Hollet et al., 1991). The Owens Valley graben is deep-
est below Owens Lake: the valley �ll reaches a depth of about
2:4km above the bedrock (Hollet et al., 1991). The valley �ll
below the dry lake itself consists of moderately to well-sorted
layers of sand with grain sizes that range between clay, �ne70

to coarse sand and gravel (Hollet et al., 1991). The dry lake
is framed by alluvial fan deposits. A more detailed descrip-
tion of the geology of the Owens Valley is given by Hollet
et al. (1991); Sharp and Glazner (1997) and Wilkerson et al.
(2007). 75

All sampling locations at Owens Lake were situated in
the area of the alluvial and lacrustine deposits (Hollet et al.,
1991). The dry lake is divided into cells on which are imple-
mented various dust control measures such as shallow �ood-
ing (Groeneveld and Barz, 2013), vegetation cover (Nicholas80

and Andy, 1997), gravel cover and encouraging salt crust
growth in brine cells (Groeneveld et al., 2010). We focused
our sampling efforts on the brine cells in the north and south
of the lake. Study sites at Owens Lake are indicated in the
map given in Fig. 2. For these sites we use labels referring85

to the surface management cells of the dust control project
there (LADWP, 2010). These labels either refer to managed
cells or to unmanaged areas in the direct vicinity of a man-
aged cell. Labels start with TX-Y, where X is a number and
Y is either a number or one of the letters A, S and W. The �rst90

number refers to water taps (or turnoffs) along the main wa-
ter pipeline that crosses the lake bed from south to north and
which is used to irrigate the managed area. Low tap num-
bers start in the south and the numbers generally increase
northwards. The second number refers to the Yth manage- 95

ment cell connected to the Xth turnoff. The letters A, W and
S refer to Addition, South and West, respectively; they also
refer to different sub-regions branching from the same num-
bered tap. Following the cell name is the letter P followed by
a number which speci�es an individual polygon sampled at100

that site. For example, site label T27-A P3 refers to the third
polygon sampled at the addition to the main cell at turnoff
27.
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Figure 1. Polygonal ridge patterns in salt pans at (a) Badwater Basin, California (source: Photographersnature (2019)), (b) the Salar de
Uyuni, Bolivia (source: Unel (2019)) and (c) Owens Lake, as well as (d) a close-up of a crust ridge at Badwater Basin.

2.1.2 Badwater Basin

Badwater Basin is a geological sink and the lowest point on
land in North America, about86m below sea level (Hunt
et al., 1966). Similar to Owens Lake it is subject to infre-
quent precipitation events and evaporation from the playa far5

outweighs precipitation (Handford, 2003). Groundwater and
runoff enter the basin from the surrounding mountains, carry-
ing minerals which accumulate in the basin �oor (Hunt et al.,
1966). The geology of the Badwater Basin and the surround-
ing Death Valley is described in more detail elsewhere (Hunt10

et al., 1966; Sharp and Glazner, 1997) but, similar to Owens
Lake, it also exhibits a deep bed of unconsolidated valley �ll,
on which the salt crust rests.

We sampled polygons in an area about500m south of the
main tourist pathway entering the salt �ats from the east.15

This area, chosen in consultation with park rangers, pre-
sented a convenient, typical and well-developed polygonal
crust that was far enough away from the tourist parking to
minimise disturbances from other visitors. There, we sam-
pled two polygons about100m inwards and parallel to the20

boundary of the salt �ats. Additionally, we sampled three

more polygons at distances of about200m, 300m and400m
inwards from the dry lake edge, respectively, to investigate
any systematic effects of distance into the salt pan. All sam-
pling locations are depicted in Fig. 3. 25

2.2 Measurement protocols, instrumentation and
sample analysis

2.2.1 Subsurface samples

We collected soil samples from below salt polygons using
two different methodologies: 30

1) Digging a trench about30cm wide,2m long and1m
deep and then collecting samples from one trench wall,
as shown in Fig. 4 (a).

2) Drawing cores with a Dutch gouge auger with a diame-
ter of50mm and then collecting samples from the cores,35

as shown in Fig. 4 (b). This method was used exclu-
sively for wetter sites (water table within 30 cm of sur-
face). The corer was cleaned, rinsed with deionized wa-
ter, and dried after each use.
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Location Label Latitude Longitude Year
Death Valley Badwater P1 36� 13.6510 -116� 46.7230 2016
Death Valley Badwater P2 36� 13.6740 -116� 46.7350 2016
Death Valley Badwater P3 36� 13.6650 -116� 46.8200 2016
Death Valley Badwater P4 36� 13.6600 -116� 46.9030 2016
Death Valley Badwater P5 36� 13.6540 -116� 47.0360 2016
Owens Lake T10-3 P1 36� 23.1470 -117� 56.7720 2018
Owens Lake T16 P1 36� 23.9530 -117� 56.4540 2018
Owens Lake T2-4 P1 36� 20.8030 -117� 58.6420 2016
Owens Lake T2-5 P1 36� 21.0550 -117� 58.8240 2016
Owens Lake T2-5 P2 36� 20.8950 -117� 58.7400 2016
Owens Lake T2-5 P3 36� 20.8770 -117� 58.711 2018
Owens Lake T25-3 P1 36� 27.0390 -117� 54.5100 2018
Owens Lake T25-3 P2 36� 28.3830 -117� 54.9570 2018
Owens Lake T27-A P1 36� 29.3020 -117� 55.9530 2016
Owens Lake T27-A P2 36� 29.0610 -117� 55.6020 2016
Owens Lake T27-A P3 36� 29.1120 -117� 55.8040 2018
Owens Lake T27-S P1 36� 28.5490 -117� 54.9940 2018
Owens Lake T29-3 P1 36� 29.9550 -117� 55.9990 2016
Owens Lake T29-3 P2 36� 29.9600 -117� 55.9620 2016
Owens Lake T32-1-L1 P1 36� 53.8970 -117� 57.2090 2016
Owens Lake T32-1-L1 P1 36� 32.3540 -117� 57.2180 2018
Owens Lake T32-1-L1 P3 36� 32.3370 -117� 57.2040 2018
Owens Lake T36-3 P1 36� 29.9530 -117� 58.5050 2016
Owens Lake T36-3 P2 36� 30.0500 -117� 58.5180 2016
Owens Lake T36-3 P3 36� 29.7240 -117� 57.9160 2016
Owens Lake T8-W P1 36� 22.5220 -117� 57.2560 2018

Table 1. Location, site label, GPS coordinates and year of data collection for sites at Badwater Basin (Death Valley, CA) and Owens Lake
(Owens Valley, CA).

For both sampling methodologies, we collected samples
from directly below the crust to a depth of up to 1m. Sam-
ples were collected along a grid with a vertical resolution
of approximately of0:1 to 0:15m and a horizontal resolu-
tion of 0:15 to 0:3m. Typically, sampling was done along a5

line passing through the middle of a polygon, included sam-
ples from directly under any bounding ridges and continued
slightly into the two adjacent polygons. The samples had an
average volume of approximately10ml and were taken using
a metal spatula, which was cleaned with distilled water and10

dried before each use. The samples were a mixture of soil
with a grain size of medium sand to clay, pore water and salt
(both dissolved and precipitated). After collection, samples
were immediately stored in air-tight containers, which were
sealed with para�lm to prevent the loss of humidity between15

sample collection and measurement in the laboratory. Soil
samples were then returned to the lab for further processing.

2.2.2 Grain size distributions

We measured the grain size distribution of the soil samples
using aBeckman Coulter LS 13 320 laser particle20

sizer (LPS). As preparation for this a soil sample would be
thoroughly mixed with water, but without ultrasound treat-
ment (i.e. we did not attempt to break up grain conglomer-

ates). The resulting soil suspension was then pumped through
the laser chamber of the LPS. The LPS measures the diffrac-25

tion patterns generated as individual grains pass across the
laser path, and these signals are converted into grain diam-
etersdi based on Mie scattering theory (Hahn, 2009) with a
real and imaginary component of1:556and0:1, respectively;
the underlying diffraction model we used was for quartz. By30

integrating many such measurements over time, a volume
fraction' i of grain diameters within a certain range – or bin
– is calculated. Results are tabulated as the relative volume of
particles within 93 distinct bins of particle diameters, which
cover the range from40nm to2000� m. The upper and lower35

cutoffs of each bin are given in Lasser and Goehring (2020b)
along with this data.

Each grain size distribution measurement is an average of
three independent measurements of the same sample. Even
though there was no ultrasound treatment before measure-40

ment, there was no to minimal drift towards lower grain sizes
due to dissolution of grain conglomerates over the three se-
quential measurements.

2.2.3 Salinity pro�les

For each of the three trench sites (T32-1-L1 P2, T32-1-L1 P345

and T27-S P1) we compiled a cross-sectional salt concentra-
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Figure 2. Map of Owens Lake in central California, USA. Sam-
pling sites are indicated by red dots. Sites where we additionally
compiled subsurface salinity pro�les are indicated by orange dots.

tion pro�le from samples taken from the trench wall, under-
neath a surface polygon. Samples collected by coring had in-
suf�cient sampling resolution to make similar cross-sectional
pro�les. We discuss the challenges encountered with mea-
suring concentration pro�les in more detail in Section 2.4.5

Samples were transported in sealed containers to a laboratory
equipped with a high precisionDenver Instrument
SI-234 balance with a precision of� 0:1mg as well as an
oven to dry the samples. Gravimetric analysis of salt concen-
trations was conducted in the following steps:10

– Extraction of the sample from its storage container into
a crystallisation dish and measurement of the initial
mass of the mixture of sand, salt and water.

– Drying of the sample in an oven at80� C until all mois-
ture had visibly vanished, or for at least 24 hours, fol-15

lowed by weighing to measure the amount of water that
had evaporated from the sample as the difference from
the sample mass before drying – i.e. to measure the ini-
tial water mass. Care was taken to let the samples cool
down completely before weighing, because of the tem-20

perature sensitivity of the balance.

Figure 3. Map of Badwater Basin in the Death Valley, central Cal-
ifornia, USA. Sampling sites are indicated as red dots.

– Dilution of the sample with approximately50ml of
deionized water followed by sedimentation of the solid
sample components for roughly 24 hours and careful
extraction of the supernatant liquid, which contains the25

dissolved salt, using a syringe. This step was repeated
twice, and the extracted liquid was collected in a sepa-
rate crystallisation dish.

– Separately drying the solid and liquid parts of the sam-
ple in an oven at80� C until all moisture had visibly 30

vanished or at least 24 hours had passed. For the liquid
part, drying sometimes took considerably longer (e.g.
a week). Finally, the salt precipitated from the liquid
phase and the now salt-free solid residue were individ-
ually weighed. 35

The comparison between the weight of the dry sample, com-
posed of salt and sand, with the weight of the dry sample
without the salt gives anindirect measure of the salt content
in the sample whereas the weight of the salt crystallised in the
dish gives adirectmeasure of the salt content. The difference40

between both weights gives an indication of the reliability of
the analysis. If both weights were within the accuracy of the
balance, the sample mass was conserved and the measure-
ment was accepted.
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Figure 4. Field methods. (a) Representative trench and sampling positions (holes) at a site at Owens Lake. (b) Dutch gouge auger and
sampling positions (holes) at a site at Owens Lake (crust-soil interface is positioned at 0 cm). (c) Terrestrial Laser Scanner (TLS) setup at
Badwater Basin.

2.2.4 Salt crust and pore water samples

The salt crusts observed at the dry lakes, and especially at
Owens Lake, consisted of visually different patches of salt
(see Fig. 5). This observation is consistent with the fact that
silicates and carbonates have a signi�cantly lower solubility5

than halite and thenardite and will tend to precipitate �rst as
brine evaporates.

We collected samples from several sites, for subsequent
chemical and mineral analysis; from each site we collected
samples from visibly different regions within the same site.10

To collect saline pore water, we used a syringe to draw out
the water which gathered in the coring holes. This worked
well for the wetter �eld sites. For the dryer sites, where water
did not readily gather in the holes, we used a perforated metal
rod equipped with a �lter and applied a negative pressure to15

suck water from the pores. In all cases, pore water was taken
as close to the water table depth as possible.

Figure 5. Examples of salt samples collected from the salt crust at
site T2-5 P3 at Owens Lake, California.

2.2.5 X-ray diffraction analysis of crust minerals

To characterise the minerals present in the pore water and
surface crust, samples were analysed using quantitative X-20


