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Introduction:  Polygonal patterned ground (poly-

gons) is a common morphological feature both on 
Earth and Mars. On Mars, polygons are widely distrib-
uted in the mid-high latitude regions [1-2] and chlo-
ride-bearing units [3-4]. Correspondingly, polygons 
spread throughout polar regions [5] and arid regions on 
Earth. Most polygons have cracks as boundaries, 
which are caused either by desiccation [6] or by ther-
mal contraction [7]. However, a small minority of pol-
ygons are outlined by raised rims. The raised rims 
could be developed by various processes, such as the 
extrusion of the subsurface mud [8], the infilling along 
the cracks [9], and the growth of halite [3]. In this 
study, we report a unique type of polygons in the 
Qaidam Basin – raised-rim polygons in the shape re-
sembling jigsaw puzzles, which we call jigsaw puzzle 
polygons (JPs). Jigsaw puzzle polygons suggest an 
alternative mechanism to form raised rims, which may 
provide implications to raised-rim polygons on Mars, 
considering Qaidam Basin is one of the terrestrial ana-
logs of Mars [9-10]. 

 
Figure 1. The location of the jigsaw puzzle polygons 
(referred by the black dot). The base map is the topo-
graphic map of the Qaidam Basin, which is derived 
from SRTM DEM. 

Geological setting and the studied site:  Qaidam 
Basin is located in the northern Tibetan Plateau and is 
one of the highest and the most arid intermontane basin 
(Fig. 1). The basin was once a large paleolake in the 
Oligocene, and underwent the accelerated drought in 
the Miocene due to the rapid uplift of the Tibetan Plat-

eau [11]. Jigsaw puzzle polygons are distributed in an 
area of 5 km2 in the Fengnan Playa, and are surrounded 
by Dafeng mountain to the north, Huanggualiang 
mountain to the west, and Luanshanzi mountain to the 
southeast. 

Methods:  The morphological features of JPs were 
described based on the panchromatic image from 
WorldView-2 at 0.4 m/pixel. One surface sample 
(loose sediments) and one subsurface sample (salt 
crusts) were collected from the raised rims, the mar-
ginal area, and the central area of a jigsaw puzzle pol-
ygon, respectively. XRD measurements were conduct-
ed for all samples, and the weight fractions of each 
mineral phase were calculated using RIR method. 

 
Figure 2. A-B: The morphological features of the jig-
saw puzzle polygons. Both images are the portion of 
the panchromatic image from WorldView-2 satellite, 
and north is up in both images. C-D: The contents of 
different minerals at different sites in a jigsaw puzzle 
polygon. Sulfates 1 refer to hydrous sulfates (gypsum). 
Sulphates 2 refer to anhydrous sulfates (glauberite, 
thenardite). 

Results:  Jigsaw puzzle polygons are characterized 
by the unique shape, their raised rims, and the large 
size. The long axis of JPs ranges from 20 m to 170 m. 
Most of JPs are ~100 m across, which are larger than a 
majority of polygons reported in other playas (Fig. 3). 
The boundaries of JPs are raised rims, which are sev-
eral meters wide and less than one meter high. The 
raised rims are interlocked with each other, forming a 
pattern similar to jigsaw puzzles (Fig. 2A-B). Though 
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the tabs and blanks of the jigsaw puzzle making the 
boundaries sinuous, they are generally oriented in the 
NW-SE or NE-SW direction. 

The mineral compositions and contents are similar 
in all surface samples (Fig. 2C). The surface materials 
of JPs are roughly composed of half of the hydrous 
sulfates (gypsum) and half of the detritus, with a small 
amount of halite. The detritus are dominated by clays, 
including illite and clinochlore, with a small part of 
quartz and feldspars. 

The mineralogy of subsurface materials are differ-
ent among the three sampling sites (Fig. 2D). The sub-
surface sample from raised rims is composed of halite 
(~55 wt%) and hydrous sulfates (gypsum, ~45 wt%). 
However, subsurface samples from the marginal area 
and the center are composed of halite and anhydrous 
sulfates. The subsurface sample of the marginal area 
contains a small amount of glauberite (Na2Ca(SO4)2, 
~16 wt%), while the one of the center contains more 
anhydrous sulfates, but a different type – thenardite 
(Na2SO4, ~41 wt%). 

 
Figure 3. The size of polygons at different locations. 
The thin solid lines refer to the whole range of poly-
gons’ diameter, and the thick solid lines refer to the 
diameter range of most of the polygons at each loca-
tion. The dashed line refers to the diameter range of 
salt-related polygons with raised rims on Mars. 

Discussion:  The similar mineralogy in all surface 
samples suggest the surface materials are controlled by 
the surface chemical weathering and affected by detri-
tal input. However, the subsurface mineralogy is dif-
ferent from that of the surface, suggesting the composi-
tions of subsurface materials are controlled by host 
rock mineralogy. The bedrocks are sulfate-rich evapo-
rites and contain a relatively rare anhydrous, dense 
evaporite mineral, thenardite. In the JPs areas, thenard-
ite originally formed in the playa has been weathered 
and hydrated to form gypsum in the surface layer. The 
formation of gypsum leads to a larger volume than 
thenardite, as the molar volume of gypsum is 40% 
larger than that of thenardite [12]. The different vol-
ume change develops the raised rims of polygons as 
pressure ridges (Fig. 4). In terms of the shape, the 

roughly orthogonal pattern might be related to the iso-
tropic planar stresses generated in the salt layer [13]. 
However, the formation mechanism of the jigsaw puz-
zle shape is still not clear.  

 
Figure 4. A schematic diagram shows the forming 
mechanism of jigsaw puzzle polygons. The arrows 
refer to the expansion of hydrous sulfates.  

In this study, we report a new type of polygons – 
jigsaw puzzle polygons, which are unique in the world 
in terms of the shape, the size, and the boundary based 
on the current literature. We propose that the expan-
sion volume during the chemical weathering of sulfates 
results in the raised rims, which is different from pre-
vious interpretations of raised-rim polygons in the 
Qaidam Basin [3, 10]. The salt-related polygons have 
been reported in the chloride-bearing units on Mars [3-
4]. This study may suggest an alternative way to form 
salt-related polygons of large size on Mars, in which 
the subsurface sulfates is the controlling factor rather 
than clays or halite on the surface.  

References: [1] Levy, J. et al. (2009) JGR: Planets, 
114, E01007. [2] Mangold, N. (2005) Icarus, 174, 336-
359. [3] Dang, Y. N. et al. (2018) JGR: Planets, 123, 
1910–1933. [4] El-Maarry, M. R. et al. (2013) JGR: 
Planets, 118, 2263–2278. [5] Marchant, D. R. et al. 
(2002) GSA Bulletin, 114, 718-730. [6] Neal, J. T. et al. 
(1968) GSA Bulletin, 79, 69-90. [7] Tucker, R. M. 
(1981) J. Sediment. Res., 51, 779-786. [8] Krinsley, D. 
B. (1970) A Geomorphological and Paleoclimatologi-
cal Study of the Playas of Iran, 111-117. [9] Anglés, A. 
and Li, Y. (2017) JGR: Planets, 122, 856-888. [10] 
Xiao, L. et al. (2017) Earth Sci. Rev., 164, 84-101. [11] 
Zhang, P. (1987) Salt lakes in Qaidam Basin. [12] 
Chichagov, A. V. et al. (2001) MINCRYST, 876-879. 
[13] Christiansen, F. W. (1963) Science, 139, 607-609. 

2108.pdf51st Lunar and Planetary Science Conference (2020)


