
REGIONAL WATER VARIATIONS ON MARS: NEW DATA FROM TGO’S FREND. A. V. Malakhov1, I. 

G. Mitrofanov1, A. A. Anikin1, D. V. Golovin1, M. V. Djachkova1, D. I. Lisov1, M. L. Litvak1, N. V. Lukyanov1, M. 

I. Mokrousov1, S. N. Nikiforov1 and A. B. Sanin, 1Space Research Institute (84/32 Profsoyuznaya st, Moscow, 

117997, Russia, iki@cosmos.ru). 

 

 

Introduction: Fine Resolution Epithermal Neutron 

Detector, FREND[1], is an instrument onboard Exo-

Mars’ Trace Gas Orbiter (TGO)[2]. It is a continuation 

of search for water on Mars started by  HEND, NS and 

GS instruments, parts of GRS suite[3] onboard Mars 

Odyssey. However, FREND’s neutron collimator sig-

nificantly narrows the field of view (FOV) down to 

28° full cone which corresponds to a spot of 60-200 

km in diameter on the surface[1]. This is considerably 

smaller than the spatial resolution of omnidirectional 

instruments onboard Mars Odyssey. 

Indeed, water content maps previously available 

from HEND[4], NS[5] and GRS[6] all have character-

istic spatial resolution of hundreds of kilometers[4], 

that is why they can only provide knowledge on a 

global scale. FREND, however, provides much more 

details that can be associated to local geomorphologi-

cal and relief features, help assess future landing sites 

and provide for natural resources exploration. 

Methodology: neutron measurements to estimate 

hydrogen content is widely used in planetary science 

and is very well described in literature[7], as well as 

neutron collimation technique[1]. Neutron suppression 

(NS, defined below) to water dependence, shown on 

color scales of Figs. 1-3 was derived using the same 

approach as for LEND, another collimated instru-

ment[8].  

Neutron Suppression. We use NS parameter for 

simplicity throughout our research. NS is defined as a 

measure of how much the neutron flux is suppressed 

(e.g. fewer neutrons detected) compared to a reference 

area with known water content properties. This dimen-

sionless parameter is convenient to use because it is 

independent of such factors as seasonal hydrogen vari-

ations on Mars or GCR flux levels. Reference Area, 

where NS is equal to 1, is selected in Solis Planum, a 

dry area, where water content is known to be 2.78 

wt%[9]. 

Results: our findings presented further are based 

on FREND measurements between May 2018 and Oc-

tober 2019. All data were binned into 1°x1°, converted 

to NS and then smoothed with 2.49° half-width half-

maximum Gaussian filter for representation purposes. 

In all cases below we present water content values in 

Water Equivalent Hydrogen (WEH) weight % (wt%) 

with lower and upper statistical certainty boundaries, 

shown in square brackets.  

For the purposes of this report, we selected landing 

sites of past and future Martian missions: Curiosity 

rover, ExoMars 2020, NASA Mars 2020 rover. 

Gale crater. Gale crater is of particular interest be-

cause of its “water enigma”: WEH content estimations 

performed by HEND predicted mean WEH of about 5 

wt%[4], however the “ground truth” measurements by 

DAN, a neutron spectrometer onboard Curiosity, only 

showed measurements between 1 and 3%[10]. One of 

possible reasons for that is HEND’s spatial resolution: 

it’s data above Gale contains mean water content of an 

area much larger than the crater itself, so collimated 

FREND data were anticipated.  

 
Figure 1. FREND measurements over Gale crater. 

To our surprise, current FREND maps of Gale 

crater area clearly divide the crater into a “wet” and 

“dry” halves. Their water content is dramatically dif-

ferent, 41.4 [-30.4;+58.6] wt% inside blue area and 

1.79 [-0.7;+1.21] wt% inside red. Finally a larger area 

(black rectangle), containing both red and blue areas, 

estimates 5.41 [-1.08;+1.51] wt%. This latter number is 

in line with orbital measurements of HEND, however 

none of the smaller red or blue areas is consistent with 

HEND or DAN measurements. There are a few possi-

bilities to explain these differences. First, ground and 

orbital measurements can be sensitive to hydrogen at 

different depths, and their content can indeed vary. 

Secondly, we must not overrule very local spatial vari-

ations that are not seen, or not yet seen by FREND due 
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to limited statistics, so future observations may change 

patterns on this map.  

Oxia Planum and Mawrth Vallis. Two candidate 

sites of the ExoMars 2020 mission were analyzed 

through FREND data for water content, as presented 

on a map in Figure 2. 

 
Figure 2. FREND measurements over ExoMars 

2020 landing sites. FREND data show water content in 

Oxia Planum area of 2,05 [−0,49;+0,68] wt%, and in 

Mawrth Vallis the value is 9,76 [−3,19;+6,50] wt%. 

Oxia Planum is the final selected landing site, despite 

its lower water content as measured with FREND. 

Jezero crater. NASA Mars 2020 rover final land-

ing site candidate, Jezero Crater area water content 

map is shown on Figure 3 below. 

 
Figure 3. FREND measurements over Mars rover 

2020 landing site. 

Using same methodology as above, we identified 

the mean water content in the area around Jezero crater 

to be 4,06 [-1.41;+2.64] wt%. This is the highest wa-
ter content detected by FREND of all the future 
landing sites, although such quantities are common 
for equatorial regions and most likely are associat-
ed with hydrated minerals and not subsurface wa-
ter. 

Conclusions: data presented in this report is based 

on the latest hydrogen measurements on Mars from 

orbit, although FREND’s maps will improve with time 

as statistical certainties will grow. 

Finally, we are also analyzing water content on a 

global scale and preparing a map of entire Mars, locat-

ing regions of strongest neutron suppressions seen on 

it. Some deep neutron suppressions are already now 

seen close to equator and they are of big interest, since 

water is unstable there. One of these suppressions is 

located in the central part of Valles Marineris, close to 

Candor Chaos. We can report suppressions of up to 

several times on our NS scale compared Solis Planum 

reference, which is a strong signature of hydrogen in 

that area. Our analysis of this area is ongoing, but it is 

very likely that such strong suppressions cannot be 

explained by hydrated minerals only, rather water ice 

buried under the thin regolith layer. 
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