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Introduction:  The return of humans to the Moon 

will occur 40+ years after the last astronaut left. While 
the Apollo missions set up individual instruments (as 
part of the Apollo Lunar Surface Experiments Package 
- ALSEP) to collect geophysical data, the small aerial 
distribution of the sites, coupled with the short term 
nature of some measurements and the fact that not all 
missions carried the same instruments, gave only a 
limited glimpse of the Moon’s inner structure, compo-
sition, and thermal evolution. Several important unan-
swered questions remain: (1) What is the composition 
and size of the lunar core? (2) What is the internal 
structure of the whole Moon? (3) What is the thermal 
budget of the Moon and how has this impacted its evo-
lution? (4) Did the early Moon have a dynamo and if 
so, when did it start and when did it stop? (5) What is 
the nature of ground movement in response to the 
large (body wave magnitude ≥5) Moonquakes that are 
known to occur [1]? (6) Are meteoroid impacts con-
centrated more in some areas on the Moon than oth-
ers? 

To answer these questions, it is necessary to make 
global lunar geophysical measurements over a long 
period of time (≥6 years) that at a minimum covers one 
lunar tidal cycle. This may be realized through the 
establishment of a global lunar geophysical network. 
To accomplish this in a timely and cost effective man-
ner, it is likely that the next lunar geophysical network 
will be incrementally built up in a variety of locations, 
using a number of missions over a long period of time. 
A Planetary Instrument Design and Development Pro-
gram (PIDDP) has recently been awarded to develop a 
small self-contained lunar Geophysical Instrument 
Package (LGIP) for use in a long lived lunar geophysi-
cal network. This contribution examines the instru-
ments that comprise the proposed Lunar Geophysical 
Instrument Package (LGIP) as well as their science 
requirements. The actual probe design, power and con-
cept of operations are the subject of a companion con-
tribution [2]. While the impetus for this study comes 
from the limited knowledge of the lunar interior, the 
technology developed may be applied to other solid 
bodies in the solar system. 

Instruments:  The LGIP combines a seismometer, 
heat flow probe, and a surface magnetometer into an 
integrated suite of instruments that may be used on a 
robotic lander, or deployed robotically or by an astro-

naut as a stand alone geophysical probe. Each of the 
instruments considered for the LGIP is relatively ma-
ture and is a payload on a past, current or future plane-
tary mission. Modifications to individual instruments 
to meet science measurement requirements and con-
form to a common probe architecture, are what form 
the basis of the LGIP study and will be outlined in this 
contribution. 

Seismometer.  The data returned from the Apollo 
missions showed the Moon to have a much lower seis-
mic background noise relative to the Earth. In fact, it is 
likely that the background levels recorded were actu-
ally the noise limits of the instruments themselves 
rather than true seismic noise (likely below 10-10 ms-

2/Hz1/2 on the vertical seismometer). 

The LGIP uses a modified version of the very 
broad band seismometer (VBB-SEIS) developed by 
CNES (Centre National d’Etudes Spatiales) for the 
Mars Netlander mission [3] and selected for the 
ExoMars mission. The design for the Moon, studied by 
an ongoing R&D CNES program, is a spherical as-
sembly, enclosing three Very Broad Band oblique seis-
mometers to make a full 3 axis sensor. The sphere is 
thermally decoupled from the environment and also 
encloses a set of secondary sensors (temperature and 
inclination), used for both instrument management and 
scientific purposes. Figure 1 shows noise profiles for 
both actual VBB-SEIS measurements and theoretical 
spectra based upon design. The instrument noise is 
already a factor of ~2 lower than the Apollo seis-
mometer noise in flat mode. Much of the VBB-SEIS 
re-design effort in the CNES R&D study is to optimize 
and improve the noise levels until they are at least a 

Figure 1 – VBB-SEIS Preliminary Noise Analysis 
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factor of 10 lower than the seismometers used during 
Apollo. 

The VBB-SEIS electronics also employ a 24 bit 
A/D converter as compared to 10 bits for Apollo. This 
increased resolution allows for greatly improved seis-
mic monitoring, provides much better wave forms and 
increases the dynamic range of the instrument. All of 
these improvements will allow for the detection of 
more seismic events over a broader range of ampli-
tudes and with greater resolution than was capable 
with Apollo. In addition, the power requirements of 
the VBB-SEIS seismometer are considerably lower at 
< 1 W (peak), versus 46 W (peak) for the Apollo seis-
mometers.  

Heat Flow Probe.  Lunar heat flow was measured 
at locations along the rims of the Imbrium and Sereni-
tatis impact basins on the Apollo 15 and 17 missions. 
Attempts to measure the Moon’s heat flow in highland 
regions (Fra Mauro during Apollo 13, Cayley Plains 
during Apollo 16) were unsuccessful. Although the 
Apollo results provide a useful first step in assessing 
the Moon’s thermal structure, important issues remain 
to be resolved. Future measurements should be ob-
tained from the center of a mare basin, for several lo-
cations in the highlands (both nearside and farside), 
and for a location near the center of the PKT unit. An-
other desirable measurement is from the floor of the 
very deep South Pole-Aitken basin, where lower crust 
or possibly even mantle material is exposed at the 
Moon’s surface. Combining measurements from all of 
these various geologic units will lead to a vastly im-
proved knowledge of the Moon’s thermal structure. 

The proposed LGIP heat flow probe is based upon 
the thermal probe MUPUS-TP on ESA’s Rosetta 
spacecraft [4] and the Heat Flow and Physical Proper-
ties Package (HP3) instrument that is being developed 
for ExoMars mission [5], with some characteristics 
borrowed from the probes in the Japanese Lunar-A 
penetrator mission [6,7]. Perhaps the most important 
design consideration for the LGIP heat flow probe is 
that of deployment. To make effective measurements, 
the heat flow probe must be placed far from any artifi-
cial heat sources, such as the probe power supply or 
other instruments. The probes must also penetrate the 
lunar regolith by at least 150 cm (vertically). Various 
options, including self burrowing, penetrators or drill-
ing are available. Heat probe deployment will depend 
largely upon how the LGIP itself is being used, e.g. as 
a payload on a robotic lander or as a stand-alone in-
strument package. A portion of this presentation out-
lines the trade space for heat flow probe deployment 
and design modifications that will be investigated dur-
ing the LGIP study. Deployment options are discussed 
in more detail in a companion submission [8]. 

Magnetometer.  The ALSEP deployed a 3-axis sur-
face magnetometer in the same proximity as the seis-
mometers and heat flow probes. The measurements, 
however, were obtained at locations that were not ideal 
for testing hypotheses about the origin of the lunar 
crustal magnetic field. Although correlative studies 
suggest that basin ejecta materials are the sources of 
many or most lunar magnetic anomalies, ground truth 
evidence is so far limited to just the Apollo 16 landing 
site, which did not coincide with a strong orbital 
anomaly. Moreover, the identit(ies) of lunar magnetiz-
ing fields remain uncertain. The next lunar geophysical 
network should deploy one or more geophysical sta-
tions at the surface sites of known strong magnetic 
anomalies, such as the Descartes mountains and the 
Reiner Gamma site. 

The LGIP uses a MAGSON (www.magson.de) 3-
component vector compensated Low Mass Fluxgate 
Sensor magnetometer instrument of the same type that 
is currently being flown on the ESA Rosetta mission 
[9]. This magnetometer has a very high technology 
readiness level (TRL), and requires no specific instru-
ment development. The main focus of the magnetome-
ter portion of the LGIP study is the integration with the 
package. Specifically, can this instrument easily be 
attached to and deployed with the VBB-SEIS seis-
mometer, or will it require a separate packaging and 
deployment? Magnetometer integration considerations 
such as these are outlined in this contribution. 
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