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D2.2 - Updated requirements and objectives for short-term scenarios

Executive Summary
The objective of this NEWTON WP2deliverable D2.2 entitled "Updated requirements and objectives for
short-term scenarios" is to provide an update of the technical requirements related to NEWTON multisensor instrument to operate in rover-based exploration missions, in particular to operate on Mars and
Earth's Moon surface. These technical requirements were defined at the beginning of NEWTON project and
they were reported in deliverables D2.1 [Lavin et al., 2017][1] and D3.1 [M. Díaz-Michelena et al., 2017][2].
Since then, there has been identified no modification in the short-term scenarios and thus in the technical
requirements, therefore they are the same as those reported in the previous NEWTON deliverables.
Furthermore, this document also includes a revision of the recent and near future extraterrestrial missions
to the Moon and Mars and the possibilities of including NEWTON technology in these missions, as well as it
also reports the first results obtained from the field campaigns already developed within the project.
This document is structures in different sections. Section 2 provides a revision of extraterrestrial missions
from different worldwide space agencies focused on the Moon, Mars and Mars Moons, Phobos and
Deimos. The possibilities of incorporating NEWTON technology in these space programs are also discussed.
In addition to this, an improved model-based data interpretation of the surface of Mars is also introduced
in this section. Section 3 reports the main results obtained from the magnetic measurements and mapping
performed on different terrestrial analogues selected to demonstrate NEWTON technology, i.e. Barda
Negra Crater (Neoquen Province, Argentina), Pali Alike Volcanic field in Chile and recently formed volcanic
field on Lanzarote Island. Furthermore, field campaigns performed at applied geological sites in Germany
are also described in this section. Finally, Section 5 discusses the main results and conclusions of the
deliverable while Section 6 enlists the referred bibliography.
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1.

INTRODUCTION

The objective of NEWTON project is the development of a magnetic instrument for planetary scientific
exploration. It aims at a complete in situ characterization of the distinct magnetic properties of rocks and
their constituting minerals. NEWTON is developing a susceptometry instrument which is combined with a
compact vector magnetometer. While the latter only represents a modification of still existing
magnetometers, the susceptometer will be able to measure in-situ for the first time both the real and
imaginary magnetic susceptibilities of minerals and rocks. Thus this instrument will allow a widely complete
in situ and non-invasive measurement of the different and complex magnetic properties of rocks at
planetary surfaces (including the Earth). The NEWTON instrument will also deliver critical and unique
information on the past and present magnetic signatures of the analysed rocks. By analysing both
remanent vector magnetic data together with the susceptibilities, the surface characteristics (orientation
and intensity) as well as paleodynamos can be constrained for different periods of the geological history, on
the Earth and on other planets and moons. This will provide important new insights concerning planetary
formation processes and their further dynamic evolution as well as internal structure, and relations with
the space environment.
The goal of WP2 is to define required specifications for the NEWTON instrument for the achievement of
different scientific objectives. It has to be considered that NEWTON instrument is developed for
applications within distinct planetary environments and different surface rock types. Based on the current
prospects, envisaged destinations include Mars and its moons Phobos and Deimos, and the Earth’s Moon.
Since the latter was not foreseen when NEWTON project started, the Moon was also included in the
exhaustive analysis of the scenarios, reported in the deliverable D2.1 [Lavín et al., 2017][1].
The purpose of this current document D2.2 is to provide an update of the technical specifications required
for the operation of the system in rover-based exploration missions in the short term. Because the previous
document D2.1 was at top of the state-of-the-art in terms of our current knowledge and understanding of
the Martian and Lunar environment, the present one is much shorter and makes frequent references to it.
A further goal is to report experiences form ongoing field measurements with some sensor components of
NEWTON project and our development of portable field measurement system for in situ acquisition of
georeferenciated data with an innovative navigation system which provides a complete orientation control
in a 3-D XYZ system with uncertainties of less than ± 1° for each axis.
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2.

REVISION OF SHORT-TERM SCENARIOS AND TECHNICAL
REQUIREMENTS

In this section, we review possible scenarios in the short-term defining this short-term as being NEWTON
mounted or embarked on board a rover to Mars, Mars’ moons or the Moon. Note that this ‘short-term’
view is very different from a conventional temporal view in a normal project: space exploration is a longterm process, in which the time lag between the idea of a mission and the realization of mission often
exceeds ten or fifteen years.

2.1.

Short-term scenarios
2.1.1.

The Moon

The Earth’s Moon is the first and natural target. Its short distance and travel time as well as its controversly
discussed enigmatic origin ([Barr, 2016][3]; [Lock et al., 2018][4]; [Pahlevan and Mordidelli, 2015][5]; [Rufu
et al., 2017][6]; [Ward, 2017][7]), are important factors which need to be taken into account.
In this context, the nature and characteristics of the lunar magnetic field features are of particular
importance. To a first approximation the origin of these features have a superficial origin, as it is the case
for the Earth’s magnetic field anomalies. They are related to remanent magnetic sources that are located in
the Moon’s crust, and their magnetization is very likely related to the past magnetic field which existed
when the crustal rocks cooled down below their Curie temperature during their formation. FIGURE 1shows
the magnetic field strength of the Moon at 30-km altitude, as predicted by the model of [Tsunakawa et al.,
2015][8]. Relatively intense magnetic field anomalies co-exist with very weak ones.

FIGURE 1.Total magnetic field strength of the Moon at 30-km altitude, as predicted by the model of
[Tsunakawa et al., 2015][8]. Upper and lower panels displays the same maps but with different colour scales,
highlighting both intense and weak magnetic features. Reproduced from [Wieczorek, 2018][9].
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There is a long-standing debate, related to the timing of the lunar dynamo cessation. It has been long
accepted that this dynamo was active sometime in the past, likely around 4.0 Ga, with little constraints
before and after [Weiss and Tikoo, 2014][10]. Recent reanalysis of Apollo samples, with more accurate
techniques and taking into account possible measurement and sampling bias, have allowed to improve our
knowledge and understanding of the temporal evolution of the magnetic field at the surface, and therefore
of the possible temporal evolution of the dynamo.
In a recent paper [Tikoo et al., 2017][11] describe the following results. The field intensity at the surface of
the Moon ranged from 20,000 to 110,000 nT between at least 4.25 and 3.56 Ga. The field had declined to
about 4,000 nT by 3.19 Ga, but it is impossible to conclude about a dynamo cessation or a weaker dynamo
at that time. Then the field intensity is found to be around 5,000 nT sometime between 2.5 and 1 Ga, when
a young regolith breccia recorded this field in tiny magnetites of its glass matrix.
Current results are based on the analysis of samples collected mainly by the Apollo missions between 1969
and 1972. Some samples were returned by the unmanned Soviet missions between 1970 and 1976. During
the last 40 years, there has been only one successful mission to land on the Moon, Yutu, a rover sent by the
Chinese National Space Administration CNSA. This rover was part of the larger mission Chang’e 3.
Without new samples sent back to Earth, only high resolution in situ measurements of vector remanent
magnetic and susceptibility signatures of distinct lunar crustal rocks, as enabled by NEWTON instrument,
can provide the necessary improved knowledge to complete our understanding on the past development
and strength of the past lunar magnetic field. Below the current plans for future lunar exploration are
described. Since these rovers are in advanced study phase or development, it is not foreseen that NEWTON
will be able to fly on these.
-

Chandrayaan-2 (Indian Space Research Organization, ISRO)
This will be the second Indian mission to the Moon. It will comprise an orbiter, a lander and a rover.
The lander is planned to perform a soft landing at the surface, close to the South Pole, and will then
deploy a six-wheel rover. This mission was decided in 2007, when ISRO and the Russian Federal
Space Agency (Roscosmos) signed the agreement. The rover part was supposed to be under the
supervision of Roscosmos, but this changed after the failure of PhobosGrunt. This has caused a
number of delays and recent updates mention now a launched scheduled for the end of 2018.
The rover and the lander have a combined total mass of 1200 kg. The rover will be less than 20 kg.
Its nominal duration is one lunar day (i.e., 14 terrestrial days). It will carry two instruments, a laserinduced breakdown spectrometer (LIBS) and an alpha particle-induced X-ray spectroscope (APIXS).
It will have in addition a stereoscopic camera, to gain 3D vision of the terrains and to help with
rover navigation. The scientific objectives are to study the chemical properties of the lunar soil.
Due to its small weight, it was very soon stated that the rover would not carry any non-Indian
scientific instruments.

-

Chang’e 4 (CNSA)
Chang’e 4 will be the second Chinese landed mission on the Moon. It was built as a spare/backup
for Chang’e 3. These two missions are the second phase of the Chinese program for the exploration
of the Moon, with three successive phases: remote sensing, landing and roving, and sample return
[Xu and Ouyang, 2014][12].
Because Chang’e 4 and Chang’e 3 are (to our best knowledge) twin missions, we describe below the
Chang’e 3 one. It landed on the Moon in December 2013 [Ip et al., 2014][13]. The lander has a dry
mass close to 1200 kg, and includes the rover which is 120 kg. The nominal lifetime of the mission
was three months, with a sleep mode for the rover during the lunar night. They lasted more than
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six months, but the rover encountered mobility problems, likely related to an unforeseen large
amount of rocks at the landing site.
The scientific objectives of Chang’e 3 were to analyse the morphological, structural and
compositional properties of the landing site; to monitor the structure and dynamics of the Earth’s
plasmasphere and to conduct moon-based astronomy observations. It carried several scientific
instruments, some of which being the 20-kg payload of the rover. These were a panoramic camera,
a visible and near-infrared imaging spectrometer, an APXS, and a ground-penetrating radar.
The Chang’e 4 mission is expected to be launched later during 2018. All the instruments are
developed by Chinese institutions. The landing site should be close to or within South Pole Aitken
Basin.
-

SLIM (Japan Aerospace Exploration Agency, JAXA)
The Smart Lander for Investigation Moon (SLIM) is under study by JAXA. It should be launched in
2019 or 2020. JAXA has been studying a lunar mission for a long time, after the successful SELENE
mission between 2007 and 2009. SELENE stands for Selenological and Engineering Explorer. It is
also known under the name Kaguya. This mission was first a remote sensing spacecraft, which was
set to impact the Moon in the end. SELENE-2 was supposed to be a 3-body mission, with an orbiter,
a lander and a rover. Many instruments were under consideration for the surface modules,
including cameras, gamma-ray and neutron spectrometers, LIBS, APXS, or electromagnetic
sounder. This mission was however delayed in many instances, mainly for budgetary reasons
following the 2011 Tohoku Earthquake. It was ultimately cancelled in 2015. Next a Phase-0 study
was initiated in 2013 on a SELENE-RP, a collaboration mission with NASA with RP standing for
Ressource Prospector. Goals were to find water ice at the surface of the Moon and to mine it. JAXA
contribution was the furniture of the landing module, the rover being supervised by NASA.
The most recent mission development is about the SLIM project. This is technology demonstration
mission, which aims at testing and proving the ability of JAXA to land a mission on lunar or
planetary surface, ‘on the point where we want to explore’ [Hashimoto et al., 2016][14]. It is
scheduled for launch in 2019 or 2020. As for the RP mission, it aims at landing within a region
where water presence is predicted. The South Pole area is targeted. Since this is technology
mission, very little (if any) scientific instruments are planned. But this will be precursor for future
lunar missions. A possible collaboration with ISRO is envisaged for this SLIM probe.

-

2.1.2.

In addition there are projects developed and funded by private and non-institutional partners,
some of them being set in frame of the Google Lunar X Prize. These projects may be seen as
technology demonstrators, with little room for science instruments and suites except for imagery.

Mars

As it is the case for the Moon, Mars is characterized by the absence of a global magnetic field of dynamical
origin, and the presence of intense and localized magnetic field anomalies of crustal origins. Our current
knowledge relies on remote magnetic field measurements, mainly acquired by the Mars Global Surveyor
spacecraft (1996-2006) [Acuña et al., 1999][15]. This mission has led to a global view of the crustal Martian
magnetic field, in which (to first order) the northern plains, the volcanic plains, the giant (impact) basins are
devoid of significant magnetic field anomalies, while the cratered Noachian terrains of Terra Cimmeria,
Terra Sirenum and Terra Meridiani show intense and intermediate length-scale magnetic field anomalies
(more details can be found in the Deliverable 2.1). This global view is at a constant altitude of 200 km above
the surface: although downward continuation of the model down to the surface was theoretically possible,
it is believed that surface maps contained a too large noise level [Langlais et al., 2004][16].
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In the frame of the NEWTON project we have initiated a revised model of the crustal magnetic field. This
new model is (still) based on remote magnetic field measurements, but provides a number of
improvements, which can be resumed below:
-

Exhaustive MGS high-altitude dataset, with a careful data selection by making use of a recently
developed in situ external field proxy [Langlais et al., 2017][17] to disregard those measurements
made during periods when the external field was very strong.

-

Re-selected low-altitude MGS dataset, with an adaptive selection scheme and a careful outlier
removal procedure.

-

MGS total field indirect estimates at an altitude of 185 km, based on electron reflectometry.

-

MAVEN measurements between Nov. 2013 and May 2017, using the same data selection scheme
as for the MGS low-altitude measurements.

-

Revised modeling scheme, with a better model spatial resolution (using a denser mesh of
equivalent source dipoles), linearization of the inversion and convergence criteria. In addition, a
global Spherical Harmonics model is derived.

A paper is being finalized and will be submitted soon. This model was successfully presented at EPSC 2017,
AGU 2017 and more recently during EGU 2018 [Langlais et al., 2018][18], with very positive feedback.
Among the numerous improvements, the most important one is that is it now possible to downward
continue the magnetic field at the surface. In FIGURE 2we show an example of this downward continuation.
This highlights and reinforces the need for surface magnetic field measurements and magnetic
susceptibility characterization as those provided by the NEWTON instruments.

FIGURE 2.Total magnetic field strength of Mars at 200 km altitude (left) and at the surface (right), from the
most recent model [Langlais et al., 2018][18], above the intensely magnetized Terra Cimmeria and Terra
Sirenum areas. Three black circles denote areas of interest, with (from top to bottom) 1- a volcanic edifice
associated with a magnetic anomaly on both maps, 2- a magnetic low at 200 km altitude which becomes a
magnetic high at the surface, and 3- a magnetic high at 200 km altitude which becomes a magnetic low at
the surface.

Surface missions are therefore highly awaited to acquire appropriate measurements. We describe below
the existing projects we are aware of. Note that, as for the Moon, it is not anticipated that any NEWTONlike instrumentation will be accommodated on its landers or rovers.
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-

MARS2020
This is the next rover developed by NASA. It comes after the successful Sojourner (1997), Spirit
(2004), Opportunity (2004) and Curiosity (2012) rovers, the two latter being still active. Mars2020
has a strong heritage from Curiosity, as it is based on the same architecture, but with a very
different payload. It was announced in Dec. 2012, together with a call for the scientific payload.
More than 50 proposals were received, and the final selection was made by mid 2014, i.e., more
than six years before the expected launch in July 2020.
The scientific objectives of this rover are mostly related with the search of signs of past life at the
surface of Mars. Because this goal would ultimately require Mars’ sample collected and returned to
Earth, Mars 2020 will carry a drill that can collect core samples and put them aside in a cache or
buffer, which will remain at the surface, waiting for a possible later collection by another rover.
The key instruments of Mars2020 should therefore allow the identification of the most promising
rocks and soils to be sampled and collected. There will be seven primary instruments, among which
a panoramic and stereo camera, a suite of sensors dedicated to environmental analysis, an oxygenproduction experiment, a sub-surface radar, an X-ray fluorescence spectrometer, a LIBS combined
with spectrometer and a UV-laser Raman spectrometer. The rover will weigh more than 1 ton, and
is set for a nominal duration of one Martian year. However, the MARS2020 rover will not include a
magnetometer, like none of the other previously mentioned rovers.

-

Exomars rover
This rover is the second part of a larger program run by ESA and Roscosmos. The first part was
launched in 2016 and consisted in an orbiter – Trace Gas Orbiter (TGO) – and in a lander –
Schiaparelli – which eventually crashed on Mars’ surface in October 2016. The rover is set for
launch in 2020. Tests regarding the soft landing system (parachutes) are currently performed.
The orbiter science objectives are to look for possible gas traces related to life activity on Mars,
namely methane. The rover part will complement the orbiter by looking for evidences of past or
current life in rocks or soil at the surface. It will look for two kinds of life signatures, chemical and
morphological. It carries several instruments: a panoramic camera, a core drill, which will collect
samples to be analyzed with the Pasteur instrument suite (organic molecules analyzer, infrared
spectrometer and Raman spectrometer), a ground-penetrating radar, a multispectral imager, and a
close-up imager. The Exomars rover has a weight of around 200 to 250 kg including a science
payload of 26 kg. The rover is set for a nominal duration of seven months, during which it should
drive for at least 4 km. Although this rover also does not include a magnetometer, the lander will
include an AMR (Anisotropic magneto-resistance) sensor to measure crustal and global magnetic
fields. The Principal Investigator of this instrument is M. Díaz Michelena (INTA). In the context of
this lander payload, NEWTON team members (M. Díaz Michelena and Ruy Sanz from INTA and Rolf
Kilian from Univ. Trier) participated from 17th to 19th April 2018 at the EXOMARS Science Working
Team Meeting 10 at IKI in Moscow. This participation was also important to consider possible
synergies with other payloads as well as technical requirements in the case of NEWTON instrument
contribution as payload of future space missions within short term time frames.

-

Chinese 2020 rover
There is an on-going Chinese project with a rover which will be sent to Mars in 2020. It is a very
ambitious mission, with an orbiter, a lander, and a suite of rovers. It was indeed mentioned that up
to six rovers could be deployed by the lander [Rongqiao, 2017][19]. However, it is very difficult to
gather reliable information on that program. No foreign instrumentation is foreseen.

NEWTON
Grant agreement no: 730041

Page 11 of 23

30 Apr. 18

D2.2 - Updated requirements and objectives for short-term scenarios

2.1.3.

Mars' Moon, Phobos and Deimos

Besides Mars and the Earth’s Moon, there is another target of choice (or actually two) to which NEWTON
instrument suite would bring invaluable information. These are Phobos and Deimos, two little moons
orbiting around Mars. Their origin is disputed, being either captured asteroids, or remnants from Mars
formation, or impact ejecta from the planet re-accreted in its orbit or a combination of all [Rosenblatt,
2011][20], [Duxbury et al., 2014][21]]. A recent series of papers investigate the origin and evolution of
Phobos and Deimos [Hyodo et al., 2017][22], [R. Hyodo et al., 2017][23], [Pignatale et al., 2018][24].
Assuming that their formation is related to an impact origin (i.e., they re-accreted in orbit around Mars
after a giant impact, which could have formed Borealis basin), these studies show that these moons could
contain up to 35% of Martian material. They would have formed at some distance (different from today’s
one) from Mars, and as such, they could bear some signature, possibly magnetic, associated with that
event. An improved knowledge on the origin of Phobos and Deimos, and its relationship with Mars, could
be determined based on a careful geochemical, mineralogical and magnetic analysis of their surface.
Because Phobos and Deimos are very small bodies, they are relatively easy to land on it and depart from
thereby a propulsion point of view. Although this remains very complex and challenging, collecting and
sending (back to Earth) samples from Phobos and Deimos is easier than Martian samples. This has
motivated a number of missions and projects to these Moons, with very little success so far. Phobos 88 was
partly successful, with one probe (out of two) making it within 100 km of landing on Phobos but failing to
land. The next mission dedicated to Phobos was launched in 2011 (Phobos Grunt), but the spacecraft failed
to escape the Earth’s attraction. There are currently two different projects to get to Phobos and Deimos,
they are described below.
-

DePhine – The Deimos and Phobos Interior Explorer
This project was submitted to ESA in 2016 as a M5 proposal in the Cosmic Vision program, for a
launch occurring in 2030 or so [Oberst et al., 2017][25]. The mission would first focus on Deimos, to
obtain the satellite’s physical parameters and characteristics comparable to that available for
Phobos. The detailed properties of Deimos soils will be characterized, to ease the comparison with
those acquired by MMX (described below in this section) which should be available by 2030. In
addition, the mission will study the morphology, shape, the gravity field and the interior structures
of both satellites.
DePhine would embark a ground-penetrating radar, a gamma-ray neutron spectrometer, a radio
science experiment, a wide angle camera and magnetometers. In the proposed mission scenario M.
Díaz Michelena is leading the technical development of the magnetometer instrumentation as PI.
Besides these instruments, there will also be a neutral analyzer as well as a dust analyzer. The
trajectory of DePhine around Mars will be chosen so that it is placed on a quasi-satellite orbit (QSO)
around Deimos and then around Phobos: the spacecraft will be placed on an orbit with almost
identical orbital elements than that of the moon, so that the moon and the spacecraft orbit
together around Mars. DePhine will perform very low altitude, low (relative) velocity flybys around
Deimos and then Phobos.
The project is currently under a selection process at ESA. A selection of 2 or 3 projects for a Phase-A
study should be set by end of June this year. Depending on the availability of the developing Ariane
6-2 launcher, a lander could be embarked for a deployment on Deimos. The possibility of flying
NEWTON on this mission is unknown.
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-

MMX – Mars Moons Explorer
This mission is mainly developed by JAXA. It would be the first mission to collect and bring back
samples from Phobos. This mission would further perform a low altitude survey of Phobos and
Deimos, using a similar QSO as for DePhine.
The goal is to collect at least 10 g of samples from the surface of Phobos, using a simple pneumatic
system when it lands on Phobos. It would lift off in 2024 and come back to Earth in 2029. There is a
collaboration with NASA, ESA and CNES. Several instruments would embark, including a neutron
and gamma-ray spectrometer, a near IR spectrometer, a wide angle camera, a dust analyzer and a
mass spectrum analyzer, but probably no magnetometer.
The sampling process would be similar to that developed for the mission OSIRIS-Rex which will
collect samples on an asteroid before coming back to Earth in 2023. The final design of the mission
is not yet achieved, and there is an ongoing discussion to embark a small rover with a (smaller)
scientific payload that would be developed by CNES. The scientific objectives of the embarked
payload (and that of the possible rover) should enable a characterization of the ground for the
selection of the collected sample. The mission has not been yet officially approved, as there exists
some budgetary issues related to JAXA priorities and re-schedule of planned missions.

2.2.

Technical Requirements

The different missions and projects described in the previous subsection which are related to the short
term exploration scenarios have many common points in terms of science objectives, expected
instrumentation and measurement requirements. In order to assess the magnetic properties of the Earth’s
moon, of Mars, or of Mars’ moons Phobos and Deimos, both magnetic field and susceptibility
measurements are required, both of them will be performed by the NEWTON instrument.
The technical requirement of NEWTON instrument have been previously defined and included in
deliverables D2.1 [Lavín et al., 2017][1] and D3.1 [M. Díaz-Michelena et al., 2017][2]. There has been no
modification regarding the scenarios of application which affect to these requirements. Therefore,
NEWTON instrument requirements have not changed with respect to the requirements previously
reported.
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3.

FIRST RESULTS OBTAINED FROM PROSPECTIONS CAMPAIGNS

Field prospecting campaigns on terrestrial analogues for the Moon and Mars as well as on applied
terrestrial sites have been involved in the working program from an early stage of this project. There are
several important reasons to do this even when the instrument development is still in progress:
1. Magnetic sensors have to be placed with sufficient distance to Analogue Digital Converter (ADC) units
and the synchronised computer-based controlling system for the data acquisition with its energy
sources (e.g. batteries) to obtain measuring conditions with no or few magnetic noise. Our field
measurements show that the magnetic sensor must be placed at the front of a boom (we used a carbon
tube) with a distance of about 2 m relative to the position of the ADC, the control unit and batteries. For
the data transmission from the sensor to the control and data storage units we are testing different
types of cables as well as a Bluetooth data transmission which, however, could be also a source for
some slight magnetic noise.
2. The intensity of magnetic signatures as well as magnetic susceptibilities depends on their orientation
and they can be described by vectors in a three-dimensional space system. Thus any measurement with
vector magnetic and/or susceptibility sensors requires a precise 3-D orientation control and a very
precise synchronisation in-between the acquisition of magnetic data as well as data of the sensor
orientation. Accordingly we have developed a software which provides a synchronous acquisition of
magnetic sensor and orientation data within less than a millisecond interval. While orbiter, aeroplane
and drone-based magnetic measurements can use track data together with a motion sensor for a 3-D
orientation control, in situ mapping on Earth with a point-to-point measurement modus requires an in
situ orientation control which cannot be done with a magnetic compass due to possible local deviations.
Therefore we use a GPS-based FURUNO satellite compass together with a motion sensor as well as
digital magnetic compass (from Honeywell) for a synchronous orientation control. The GPS positioning
together with heading, pitch and roll data (each axis with a deviation of less than ± 1°) enable a threedimensional characterization of the vector magnetic and susceptibility data. The poster of Ordóñez et al.
(2017[26]; seeFIGURE 3) shows orientation data from a case study of Pali Aike volcanic rocks.
3. The protection and appropriate robustness of the sensors and the control unit are also considered
during our field measurements. Consequently, the selected field sites are characterised by relatively
harsh environmental conditions: highly variable temperature ranges (-5°C to +32°C), a wide range of
humidity (25 to >94 % relative humidity), partly strong solar radiation, wind speeds up to 100 km/hour
as well as partly very strong dust mobilization, as the Martian environmental surface scenarios include.
Therefore the sensors, electronic parts and control unit have been protected from ambient
temperature, humidity, solar radiation and dust.
4. The interpretation of the magnetic data in the context of different surface rock compositions and its
magnetic carriers as well as with respect to the local and the overall geological conditions represents an
important task. The selected sites for magnetic mapping represent appropriate terrestrial analogues for
which we also intent to provide scientifically sound interpretations of the magnetic and susceptibility
data by combining magnetic, mineralogical, geochemical and geological characteristics. This has been
done at case studies of the Barda Negra Crater (Neoquen Province, Argentina), the Pali Aike Volcanic
field in southernmost Chile and a recently formed volcanic field on Lanzarote Island (Chapter 3.1). Our
experiences obtained by these magnetic mapping campaigns and the associated data interpretation
within the geological framework will be important for the data acquisition and processing of the
planned future extra-terrestrial applications.
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3.1. Terrestrial analogues
3.1.1 Pali Aike volcanic field
In the context of future exploration scenarios of extraterrestrial missions with an involvement of NEWTON
instrument we aim at an improved understanding of magnetic signatures of basaltic lava flows and volcanic
cones. The Pali Aike volcanic field in southernmost Chile represents a very good analogue for extended
surface areas on Mars and other celestial bodies (like the Moon) which are also covered by basaltic lava
flows and associated craters ([Díaz-Michelena et al., 2016][27]). For our case study we selected a small
crater (56°07’ S, 69°42’ E) which represents an agglutinated spatter cone within the surrounding lava flows.
The results were presented in the EGU 2017 meeting (see poster [Ordóñez et al., 2017][26] in FIGURE 3;
below). Our results show that the magnetic signatures strongly depend on the individual cooling history
and related single versus multi-domain status of the magnetite of these basalts as well as the global
magnetic field characteristic during crystallization of such rocks. Thus it was also an important task to
determine the magnetic susceptibilities of these rocks and to characterize the relationship between distinct
remanent and induced magnetic signatures. In particular the crater rims show very strong magnetic
anomalies (up to +8000 nT) which are related to occurrence of frequent single domain magnetite with
strong remanent signatures. Our results should also contribute to improve the global database of the
distinct possible magnetic signatures of such rocks. This will be important for an enhanced interpretation of
magnetic data during near future exploration of planetary surfaces like Mars and the Moon. For example,
three potential landing sites of the ExoMars 2020 mission include such geological frameworks. Such more
complete on ground measurements of the distinct magnetic properties with NEWTON instrument would
also allow to obtain information about the characteristics of the early Martian magnetic field.
The research results of the Pali Aike case study should be also published within 2018 in an International
Journal and will include:
- magnetic surveys with scalar, vector and gradiometric measurements providing high-resolution vector
magnetic maps of the crater,
- paleomagnetic data obtained from drilled oriented samples along a transect across the crater. Further
laboratory data include remanence, susceptibility, coercitivity which have been also drawn in Day plots
to analyze single versus multi domain status of magnetite in the basaltic ground mass,
- a petrographical and chemical characterization of the magnetite grains by microscope and electron
microprobe,
- a model that considers not exposed rock units and is able to explain the observed 3D magnetic
characteristics.
The results of our case study could be transferred to other comparable planetary scenarios.
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FIGURE 3.Poster presented by Ordóñez et al. (2017[26]) at the EGU meeting of Vienna in April 2017.

3.1.2 Barda Negra crater
In the context of field tests and geophysical mapping with NEWTON magnetic devices we performed a case
study of a 1.5 km wide and 40 m deep crater-like structure situated on the 10 Ma old Barda Negra basaltic
plateau located 35 km to the South of Zapala in Argentina. Due to similar morphological characteristics
compared to Barringer impact crater in Arizona it was described as likely impact crater (Acevedo et al.,
2015[28]) whereas a maar-like origin or sinkhole formation was considered as very unlikely due to its
isolated occurrence. However, in contrast to such previous findings (e.g. [Rocca, 2004][29]) we did not
found raised rims around the circular depression which could have been formed by either impact-related
ejecta or deposits of pyroclastic material during an alternative phreatomagmatic maar-like origin. Magnetic
mapping shows a ~3000 nT lower magnetic signature within the crater compared to its basaltic rims (see
EGU poster of Díaz-Michelena et al. [30] in FIGURE 4 below). The lower remanent magnetic signature of the
crater interior is consistent with a 20 to 25 m thick sedimentary infill of the crater with very low magnetic
susceptibility (as has been also mapped) and underlying > 50 m thick basaltic lavas. We also performed
mineralogical investigations of rocks and sediments from representative sections of the crater which did
not show any high PT minerals, like coesite or stishovite, or remnants of an impactite or impact melt. We
also did not detect evidences for a meteorite impact-induced stress in minerals and rocks. The geological
field work showed that a 60 to 70 m thick carbonate-bearing rocks of the CollónCura Formation is
underlying the 100 to 120 thick plateau lavas of the Barda Negra. This formation contains sufficient calcite
(50 to 70 vol.%) for dissolution and karst formation during a proposed sinkhole formation.
Different kinds of up to 100 m deep and 6 km wide sinkholes have been formed on a co-genetic Miocene
basaltic plateau with similar lithologies, located 20 km westward of the Barda Negra, support such scenario
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of origin. Our results indicate that large crater-like structures with a sinkhole origin can be also formed in
areas with thick basalts layers and may be a more frequent feature on celestial bodies as still known. This
assumption is supported by the recent discovery of pit structures and holes on Mars in areas with basaltic
as well as sedimentary surfaces (e.g. [Adams et al., 2009][31]) and comet 67P Churyumov-Gerasimenko
([Vincent et al., 2015][32]). In the context of first NEWTON research results we are planning to submit a
manuscript for an International Journal until June 2018.

FIGURE 4.Poster presented by Díaz-Michelena et al. (2017[30]) at EGU meeting of Vienna in April 2018.

3.1.3 Lanzarote Volcanic field
The most recent basaltic lava fields of Lanzarote and associated volcanic cones have been formed in 17301736 and 1824 (e.g. [Troll & Carracedo, 2016][33]). They include various cinder and agglutinated spatter
cones. Since these volcanic rocks are not covered by soils and vegetation, they represent an ideal terrestrial
analogue for many areas of the Moon and Martian surface. Furthermore, in situ magnetic measurements
can be placed and oriented very precisely on the rock surfaces. An initial short field campaign (5 days) with
magnetic mapping was performed in February 2018 with the aim to explore the measuring conditions and
feasibility of more complex tracks within the very rough and rocky surface environment. Based on our
experience with the agglutinated sputter cone of Pail Aike ([Ordóñez et al., 2017][26]) and its extremely
strong magnetic anomaly (up to +8000 nT), the first selected tracks were performed in particular next to
and across the crater rims (FIGURE 5). The measurements have been done with a point-to-point measuring
mode with a precise orientation of the sensors at each point. However, the large basaltic blocks (meter
sizes) with partly very rough local topographies caused sometimes difficulties to place the sensor with
precise orientation due to the difficult handling of the 2 m long boom with the sensor unit.
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Some of the firstly obtained vector magnetic data along the performed tracks are shown in FIGURE 6. They
show partly significant variations in the magnetic intensity on meter scales along the track. However, the
most pronounced anomalies of the vector magnetic data can be seen in the most elevated parts of the
crater rims. Further more detailed mapping and detailed analyses of the rocks from the crater rims are
required to explore the origin of this very strong magnetic anomalies of the higher elevated crater walls.

FIGURE 5.Tracks of magnetic mapping performed at three selected craters of the Lanzarote volcanic field.

FIGURE 6.Mapping results with a vector magnetometer along the mapping tracks of the free selected
carters. First results indicate that crater rims may have very specific and partly strong vector magnetic
signatures which may be related to the distinct cooling history of magma batches deposited on agglutinated
crater walls and enabling the formation of frequent single domain magnetite.
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3.2. Applied geological sites in Germany
Three sites have been selected by our consortium partner J. Grösser from IGU for a first vector magnetic
mapping with NEWTON instrument with the aim of demonstrating the advantages of NEWTON technology
in non-space technology fields, in particular for civil engineering applications:
1. Exploration of potential resources around a basalt query next to the town Lich in Hessen, Germany. The
site is shown in FIGURE 7A. The aim of the magnetic mapping was to explore not exposed shallow basalt
sources for a future amplification of the query. Thus the area of interest is located around the present
active query.
2. Examination of potential future building ground in an area of 500 x 400 m (FIGURE 7 B) next to the city of
Lich in Hessen, Germany. The aim was to characterise the distribution and depths where not exposed
underlying Tertiary basaltic rocks form part of the subsoil.
3. Investigation of a future building ground in the city of Butzbach in Hessen, Germany. The 200 x 150 m
site is shown in FIGURE 8. The aim was to determine the thickness of the soft-rock cover above deeper
underlying basalt rocks.
All the sites are located in a distance of less than 500 m to roads. Therefore we have also checked the back
ground magnetic noise with a permanent magnetic base station. However, this magnetic noise was
comparatively low compared to the measured variations produced by different kind of underlying
substrate, in particular the depth in which Tertiary basaltic rocks appear.
Some of the magnetic mapping results are shown in FIGURE 7 and FIGURE 8. They clearly document
significant local variations in the magnetic flied strength. In the three case studies areas, higher magnetic
intensities reflect less distance to underlying basaltic rocks. Recently we obtained drill cores from the
Butzbach site which document the thickness and type of sedimentary soft rocks above the underlying
basaltic rocks. These sediment core data are used to improve the interpretation of the first measurements
of the vector magnetic signatures. There have been also done a sampling of the surface rocks in the
mapping areas for mineralogical studies and to measure the magnetic susceptibilities in the INTA
laboratory with NEWTON prototype 1. We expect that the on-going examination of the three sites will be
finished until July 2018 so that more detailed results can be presented until September 2018.

FIGURE 7.A (left): Basalt query next to Lich in Hessen Germany with the surrounding mapping area to the
west and north of the open pit. The scalar magnetic intensities indicate much higher values in the sector to
the North of the active query where we expect the appearance of shallow underlying basaltic rocks, marked
white stippled line; B (right): Potential future building ground with two sectors where underlying basaltic
rocks reach very shallow levels next to the surface. These areas are also marked by a white stippled line.
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FIGURE 8.Future building ground in the city of Butzbach, Hessen, Germany. The vector magnetic mapping
indicates an area where underlying basaltic rocks reach very near to the surface, marked by white stippled
lines.
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4.

SUMMARY AND CONCLUSIONS

In the Delivery report D 2.1 from March 2017 ([Lavín et al., 2017][1]) the magnetic, mineralogical and
geological characteristics of the distinct surface rocks of the Moon and Mars have been extensively
described, in particular with respect to the requirements for future surface mapping with NEWTON
instrument. In this report D 2.2 we introduce an improved new interpretation and downscaling of existing
orbital MGS data from Mars ([Acuña et al., 1999][15]). The new model-based data interpretation of our
NEWTON consortium partner B. Langlais (FIGURE 2) enables a more detailed magnetic surface
characterization of Mars with a much better spatial resolution ([Langlais et al., 2017 and 2018][17] and
[18]). This will also provide a better selection of future landing sites considering magnetic surface
characteristics of special scientific interest. These downward continuation results towards the Martian
surface rocks also indicate that magnetic intensities will vary in the range of ± 30000 nT which is highly
appropriate measuring range for NEWTON instrument.
Furthermore, recent and near future extraterrestrial missions to the Moon and Mars and the possibilities to
include NEWTON instrument in short term scenarios have been revised.
In the second part of this report we present experiences and results of magnetic measurements and
mapping on terrestrial analogues for extraterrestrial surface rock compositions under harsh physical
measuring conditions. In this context we have performed and developed the following aspects:
1. Development of a software for the control unit which can set-up the measuring conditions (e.g.
frequency) and enables a graphic screen control of the data acquisition during in situ measurements
with a point-to-point as well as continuous mode.
2. Development of a precise orientation and position control during the measurements with a highly
precise synchronization for the acquisition of the magnetic data together with the orientation data.
3. Tests to check the magnetic noise derived from the control unit and energy supply (batteries) and to
determine a noise-free position for the magnetic sensors.
4. Tests and improvements concerning the robustness of the control as well as sensor units with respect to
very harsh environmental conditions.
First magnetic field mapping with components of the NEWTON multi-sensor unit have been also performed
at applied geological sites. These measurements were used to differentiate between background magnetic
noise as well as potential noise sources of the NEWTON sensors, data transmission and the control unit.
The first results document the appropriateness of the NEWTON instrument for applied geological topics.
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