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Introduction: The GRAIL Bouguer gravity gradi-

ent reveals quasi-rectangular anomalies on the near side 
that correlate well with the border of the PKT region, 
whereas in the topography the transition is far less de-
fined [1]. Those border structures have been interpreted 
as volcanically flooded rift valleys. On both the near and 
farsides, a large number of randomly oriented linear 
gravity anomalies (LGAs) have been identified with no 
surface expression in other datasets. These linear anom-
alies have been proposed to be dike-like structures that 
formed very early in lunar history, possibly during a pe-
riod of global expansion. In this study, we characterize 
the power spectral properties of the different sets of 
anomalies to examine the extent to which they differ 
from the background and from each other. We also test 
the lava flooded hypothesis for the PKT border anoma-
lies using forward models of volcanically flooded rift 
structures. 

Power spectra: We first generate the localized 
Bouguer power spectra of the near-side and far-side 
anomalies, and compare them to the spectra of back-
ground areas. We use the GRAIL 1200-degree gravity 
model GRGM1200A and a LOLA topography model 
[2], and analyze the data using the Spherical Harmonic 
Tools (SHTOOLS) software package [3]. In accordance 
with the surface density difference between the maria 
and the feldspathic highlands, we have generated sepa-
rate Bouguer gravity models for the near and far sides 
assuming surface densities of 3100 and 2500 kg/m3, re-
spectively (Fig. 1).  

Figure 1. Concatenated Bouguer gravity gradient maps 
calculated for surface densities of 2500 and 3100kg/m3 
for the farside (left) and the nearside (right), respec-
tively. Localization areas are outlined and labeled. 
 

Localized areas (Fig. 1, outlines) were defined en-
compassing four nearside PKT border anomalies 
(NNW, NNE, NSE, NS), two farside anomalies (FN, 
FSP), and background areas (NBG, FBG, FSR). 

Localized power spectra were generated with band-
widths 40 and 80 degrees for the near and farsides, re-
spectively, using the first two tapers (eigenvalues > 
0.98).  

Figure 2. Power spectra of the near and farside back-
ground and anomaly areas categorized according to Fig-
ure 1. The lines represent the average result of the two 
tapers, and the standard deviation is plotted as a shade 
around the lines.  
 

The PKT border anomaly spectra generally have 
slightly higher power than the background, but are not 
statistically different. Areas of high gravity gradient val-
ues are ubiquitous within the PKT region, and there was 
difficulty in selecting a background area lacking large 
anomalies. Thus, although the PKT border anomalies 
are strikingly distinctive in their coherent pattern of lin-
ear negative gravity gradient anomalies in a quasi-rec-
tangular shape, they are not spectrally distinct from the 
gravity of the rest of the lava-flooded nearside. This 
congruence may mean that comparable processes have 
modified the now-lava-flooded surface throughout the 
PKT to result in similar power spectra across the region. 

Both the FN and FSP (in the northern farside and 
SPA rim, respectively) LGA spectra are 1-2 orders of 
magnitudes above the farside background power from 
degrees 80-200. The FN spectrum re-joins the back-
ground spectrum at the high degrees, but the FSP spec-
trum remains greater than the background spectrum. 
The South Pole-Aitken rim region shows significantly 
greater gravity gradient anomalies than the rest of the 
farside, so the spectrum of an arbitrary area in the rim is 
also calculated for comparison to FSP. The FSP LGA 
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spectrum still shows significantly greater power than the 
rim background area, albeit less so.  

Dike Model: We next model a dike that can account 
for the increase in power from the far-side background 
to the FN anomaly. The dike is modeled as an ellipti-
cally tapered rectangular prism of 138 km in length, 
which roughly corresponds to the length of the anomaly. 
We use a grid-search to identify the optimal top depth, 
height, and width under a least-squared-sum difference 
optimization function that compares the real power 
spectrum and a synthetic spectrum combining the grav-
ity of the modeled dike with the background variability. 

Figure 3. Power spectra of dikes modeled to match the 
degree 92-250 and 131-241 portions of the FN spec-
trum. 
 

We separately fit the entire degree 92-250 FN power 
spectrum and a higher degree section from 131-241, 
which has a lower slope (Fig 3). The optimal parameters 
(and 1-s ranges) for the 92-250 section are a top depth 
of 26#$%& km, a vertical height of 20#(&%&  km, and a width 
of 34#($%(+ km. The optimal parameters (and ranges) for 
the 131-241 section are a top depth of 24#,%+ km, a verti-
cal height of 18#(+%(+ km, and a width of 18#(&%/$ km. Over-
all, the top depth is better constrained than the width and 
the height, likely due to the attenuation of gravity anom-
alies with depth. These values agree with the uncertainty 
of results from a spatial domain analysis [1]. 

Flooding Mars: The PKT border anomalies were 
shown to be qualitatively consistent with volcanically 
flooded rift valleys. We now test this using forward 
models of volcanically flooded rifts. There are great val-
leys on the terrestrial planets, some of which may be 
similar to the PKT border anomaly predecessors before 
modification by either impact or volcanism. We flood 
the Valles Marineris on Mars with a 3200 kg/m3-density 
material on an assumed 2800 kg/m3-density topography, 
and find an approximate match in the resulting gravity 
gradient (Fig. 4). Valles Marineris is characterized by a 
linear negative gravity gradient anomaly that resembles 

the lunar anomalies. Preliminary comparisons to 
smaller classical valleys had difficulty matching the 
scale and magnitude of the PKT anomalies. 

Figure 4. Bouguer gravity gradient map of the Moon 
(above) at the approximate equivalent spatial resolution 
in km and degree of the accompanying “flooded” Valles 
Marineris gravity gradient (below). The “flooded” grav-
ity is generated by adding the free-air gravity and grav-
ity generated from topography flooded with a material 
of density 3200 km/m3. 
 

Conclusions: Our analyses reveal that while the 
nearside PKT anomalies do not differ from the back-
ground in their power spectra, the LGA anomalies on 
the farside show significantly greater power at high de-
grees (>80-130). These observations support the inter-
pretation that the nearside PKT border anomalies and 
randomly oriented LGAs are distinctly different struc-
tures. The results are consistent with these structures 
arising from terrain modified by the volcanic flooding 
of the pre-mare surface, and discrete density anomalies 
at depth (e.g., a dike-like intrusions), respectively. Our 
forward model of such a dike obtains a well-constrained 
top-depth of 26-28 km, but the vertical height and width 
of the dike are poorly constrained. Our “flooded” Valles 
Marineris indicates that the PKT border anomaly pre-
cursors were large and prominent structures prior to 
flooding by the maria. 
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