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Introduction  
Gravity observations currently provide our pri-

mary tool for understanding lateral variability in the 
structure of the crust and mantle of Mars. Accurate 
gravity models require the use of densities and poros-
ities for geologically appropriate compositions. On 
the Moon, a compilation of density and porosity 
measurements of both Apollo samples and lunar me-
teorites [1] has been an important contribution to 
recent studies of lunar gravity data [2, 3]. In a similar 
manner, previous studies of martian meteorites [4-6] 
have contributed to gravity modeling of volcanos and 
the global crustal structure of Mars [7, 8]. In this 
work, we report recent measurements of the density, 
porosity, and magnetic susceptibility of seven mar-
tian meteorites, made in the NASA Johnson Space 
Center Antarctic Meteorite Lab and at the Vatican 
Observatory. These samples include the first ever 
physical properties measurements of three classes of 
martian meteorites: orthopyroxenites, poikolitic sher-
gottites, and mafic regolith breccias. The expanded 
density and porosity data set will improve our ability 
to develop future gravity models of martian volcanic 
and tectonic features and of crustal structure. 

Methods  
We measured both the bulk density, ρbulk, and the 

grain density, ρgrain. The bulk density is based on the 
entire volume of the sample, including any pore 
space. The grain density is based solely on the solid 
material, excluding the pore space. Bulk density is 
important for calculation of gravity anomalies, and 
grain density is used for studying systematic trends in 
density as a function of rock composition. Porosity is 
calculated as P=1- (ρbulk /ρgrain). Bulk volume is 
measured by immersion in glass beads, approximat-
ing an Archimedean fluid. Grain volume is measured 
by ideal gas pycnometry [9-11]. These measurements 
are fast, non-destructive and non-contaminating.  
Errors are determined by repeated measurements of 
each sample and are typically 10-20 kg m-3 (< 0.6%) 
for grain density provided that the sample mass ex-
ceeds 10 gm. The plagioclase that was originally pre-
sent in these rocks has typically been converted to 
maskelynite due to shock. However, the grain densi-
ties of anorthite and maskelynite are similar, resulting 
in little change to the overall meteorite density. Due 

to equipment difficulty with the pycnometer, we were 
not able to measure grain densities of the Antarctic 
meteorite samples at the Johnson Space Center in 
October 2013. We plan to complete these measure-
ments in spring 2014. Until these data are available, 
we use the normative mineral density (as discussed in 
[1]) as a proxy for the grain density in order to esti-
mate the porosity of these samples.  

We measured magnetic susceptibility with a ZH-
Instruments SM-30 meter and the volumetric correc-
tion of [12]. The susceptibility results are reported in 
log units and provide a rapid means of assessing the 
presence of phases such as magnetite or metal [13]. 

Results: Orthopyroxenite ALH 84001 
Allan Hills (ALH) 84001 is an igneous cumulate 

rock with ~95% orthopyroxene. Due to its age of 
more than 4 Ga [14], it has experienced an extensive 
deformation history, including at least four shock 
metamorphic events, a period of thermal metamor-
phism, and low-temperature chemical alteration [15].  

Sample 84001,55 (11.86 gm) has a measured bulk 
density of 308070 kg m-3. The normative mineral 
density of 3390 kg m-3 leads to an estimated porosity 
of 9.1 %. The magnetic susceptibility is 2.540.08. 
These are the first reported physical properties meas-
urements for this unique martian sample. 

Poikolitic Shergottites 
The poikolitic shergottites (formerly lherzolititic 

shergottites [16, 17]) contain large pyroxene crystals, 
possibly implying slow cooling at depth, and their 
textures may be consistent with formation in a buried 
magma chamber. Thus, they are potential analogs for 
the high density material that produces gravity 
anomalies at martian volcanos such as Syrtis Major, 
Apollinaris Patera, and Tyrrhena Patera [7].  

We measured two poikolitic shergottites, ALH 
77005 and Roberts Massif (RBT) 04261 [18, 19]. 
Both samples consist primarily of olivine, pyroxene 
and maskelynite, but differ in the relative mineral 
proportions. ALH 77005 is relatively richer in olivine 
and depleted in maskelynite relative to RBT 04261. 
ALH 77005,1 (14.2 gm) has a bulk density of 
305060 kg m-3, an inferred porosity of 10.6%, and a 
magnetic susceptibility of 3.540.08. RBT 04261,13 
(7.0 gm) has a bulk density of 3080140 kg m-3, an 
inferred porosity of 9.1%, and a magnetic susceptibil-
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ity of 2.870.08. These results are the first density 
and porosity measurements for poikolitic shergottites.  

Olivine-phyric Shergottite EET 79001 
Olivine-phyric shergottites consist primarily of 

coarse grained olivine and orthopyroxene, set in a 
matrix of fine grained pigeonite and maskelynite 
[20]. The known olivine-phyric shergottites show 
significant variations in the relative abundances of 
olivine and pyroxene, which is likely related to addi-
tion of variable amounts of cumulate olivine during 
crystallization [21]. From the perspective of gravity 
modeling, these variations in composition correspond 
to potential differences in density, so it is desirable to 
measure densities for the full range of compositions. 

Elephant Moraine (EET) 79001 includes several 
distinct lithologies. Our sample is from Lithology A, 
the olivine-phyric part of the meteorite. EET 
79001,299 (12.6 gm) has a bulk density of 294060 
kg m-3, an inferred porosity of 11.4 %, and a mag-
netic susceptibility of 2.590.09. 

Nakhlite MIL 090032  
Miller Range (MIL) 090032 is paired with MIL 

03346, a nakhlite that consists primarily of cumulus 
clinopyroxene [22]. Prior measurements of the type 
specimen, Nakhla [6], were used as a modeling con-
straint in a gravity model of the Syrtis Major volcano 
[7]. MIL 090032,46 (12.1 gm) has a bulk density of 
298060 kg m-3, an inferred porosity of 10.8 %, and 
a magnetic susceptibility of 3.750.09. These results 
are consistent with previously reported values [5, 
13]. 

Breccia  
Northwest Africa (NWA) 7034 and paired sam-

ples  are complex regolithic breccias, consisting pri-
marily of clasts of hypabyssal igneous lithologies, 
feldspars, pyroxene, and magnetite [23-25]. The high 
concentrations of meteoritic siderophiles suggest 
formation as a regolith breccia [24].  

We measured 3 stones totaling 810 gm that we 
judge to be paired with NWA 7034.  The grain den-
sity is 316020 kg m-3, the bulk density is 290040 
kg m-3, the porosity is 7.41.5%, and the magnetic 
susceptibility is 4.43 0.08. These are the first re-
ported physical properties measurements for this 
unique martian sample. 

Basaltic Shergottite  
Basaltic shergottites have a broad range of min-

eral compositions and Mg-numbers, both of which 
can result in significant variability in density. It is 
important to measure samples that reflect the full 
range of compositions and thus densities; at present, 
only three such samples have been measured [5]. 

NWA 6963 is a basaltic shergottite consisting of 
about 60% pyroxene and 35% maskelynite [26]. This 

pyroxene content is in the mid-range of the measured 
basaltic shergottites. We measured a grain density of 
340010 kg m-3 and a magnetic susceptibility of 
3.210.08 on a 435 gm paired stone found in the 
same strewn field as NWA 6963.  

Comparison with Lunar Basalts  
The porosities inferred here, 7.4-11.4 %, are 

somewhat larger than those measured for lunar mare 
basalts (2-10%, [1, 27]). This may reflect the higher 
specific energy that is required to eject material from 
the martian surface, where the surface gravitational 
acceleration is 2.3 times the lunar value. The range of 
magnetic susceptibilities, 2.54-4.43, is larger than the 
typical lunar basalt range of  2.7-3.2, although one 
lunar basalt with metallic iron has a magnetic suscep-
tibility of 3.94 [28]. The high magnetic susceptibility 
of the breccias is consistent with the high abundance 
of magnetite and maghemite [23-25]. 
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