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Introduction:  Since 1994, water and D/H 
measurements of the hydrous mineral apatite 
[Ca5(PO4)3(OH,F,Cl)] in shergottitic meteorites have 
yielded important information regarding the interaction 
of water between the hydrosphere, atmosphere and 
lithosphere on Mars [1-7].  In addition to the presence 
of apatite within shergottite meteorites, the phosphate 
mineral merrillite has also been observed. Merrillite, 
also known as whitlockite [8], can have measurable 
water in Martian meteorites [4]. The purpose of this 
study is to develop methodology for water and D/H ion 
microprobe analysis of merrillite, due to its ubiquity in 
solar system materials.  Phosphorus is a minor element 
in most planetary materials, and while apatite is a rela-
tively rare phase in meteorites, merrillite is not.  For 
example, the new Martian fall Tissint only contains 
rare apatite, but has abundant merrillite.  The ultimate 
goal of this research is to assess if measurement of 
water and D/H in merrillite can provide information 
comparable to water and D/H measurements of apatite.  
We have chosen Los Angeles and QUE 94201, as wa-
ter and D/H in apatite have been been measured in 
these samples previously by our group [3,5,6].   

Based on the high D/H values observed with-
in the Martian atmosphere, there is strong evidence 
that water on the surface of Mars was lost to space [9].  
Watson et al. (1994) first showed that the Martian at-
mospheric D/H was also present within the Martian 
meteorites [1].  Greenwood, et al. 2008 [5] conducted 
D/H analysis on the hydrous phosphate mineral apatite 
within the ancient Mars meteorite ALH 84001 (~4 Ga) 
and younger Shergotty (~0.17 Ga), and Los Angeles 
(age).  They determined that based on the age of the 
meteorites and the D/H data obtained, Mars may have 
experienced a, “two-stage evolution for Martian wa-
ter—a significant early loss of water to space (prior to 
3.9 Ga) followed by only modest loss to space in the 
last 4 billion years” [5].  They also showed that water 
in Los Angeles, ALH 84001 and Shergotty was added 
to the parent magmas of these rocks after emplacement 
of these magmas in the upper Martian crust, due to 
high D/H and zoning of D/H and water in apatite 
grains of Los Angeles [5].  More recent work has 
demonstrated a similar process in QUE 94201 [6].  In 
contrast, McCubbin et al. (2012) [7] have suggested 
that water contents of apatite in QUE 94201 and Sher-
gotty are indigeneous to the mantle source of these 
rocks, and not a result of near-surface assimilation of 
hydrous materials.   
Methods:  In order to conduct the ion microprobe 
analysis, thin-sections were first studied using a polar-

ized light microscope with an attached digital camera 
to make a basic reference map for the Scanning Elec-
tron Microscope (SEM). The SEM was used to locate 
the merrillite minerals for the Field Emission Gun 
(FEG) electron microprobe.  Merrillite minerals were 
first identified with the use of Energy-Dispersive X-ray 
Spectroscopy (EDS) on the SEM.  The Yale University 
FEG “Hyperprobe” was used to conduct quantitative 
wavelength dispersive analyses (WDS) with an 8 nA 
beam current and a 10 µm beam diameter to limit mo-
bility of fluorine during analysis.  For the ion micro-
probe analyses, we used the modified Cameca ims 
1270 ion microscope at Hokudai with SCAPS (Scan-
ning CMOS-type Active Pixel Sensor) to conduct spot 
analyses and 2D ion imaging.  Several apatite, whit-
lockite and bobdownsite minerals were used as stand-
ards.  Bobdownsite is a recently reclassified whitlock-
ite that is a dry, fluorine-rich endmember of the whit-
lockite (OH-rich endmember) series [10].  Merrillite is 
considered a dry, and fluorine-poor endmember of the 
whitlockite-merrillite series [8].  Ion microprobe anal-
ysis technique generally followed methods in [5].   
  
Results:  Electron microprobe:  Results of electron 
microprobe analyses of merrillite from Los Angeles 
and QUE 94201 are listed in Table 1.  

Ion microprobe: Quantitative analyses of wa-
ter and D/H in merrillite are underway and will be pre-
sented in Houston.  Preliminary results suggest merril-
lite in QUE 94201 and Los Angeles are water-poor, in 
agreement with their mineral designation as merrillite 
instead of whitlockite [8].   
 Results to be presented in Houston: Currently 
we have several analyses underway that we will pre-
sent in Houston.  We are undertaking standard devel-
opment of terrestrial whitlockite and bobdownsite 
minerals so that we can assess the ion microprobe ma-
trix effect of whitlockite and bobdownsite relative to 
apatite.  Also, our preliminary results on bobdownsite 
and whitlockite are in sharp disagreement with pub-
lished data on these two minerals [10] (to the point of 
questioning the existence of bobdownsite as a new 
mineral species), and we will be working to resolve 
this discrepancy in the coming months.  We will be 
undertaking continuous flow isotope ratio mass spec-
trometry (CF-IRMS) using high temperature carbon 
reduction [e.g. 5] to assess the water content of bob-
downsite and whitlockite.  We will also be undertaking 
ion imaging of fluorine and hydrogen to help resolve 
the discrepancies between published work on these two 
minerals [10] and our preliminary data.   
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Figure 1. This image reveals a large merrillite grain 
(elongated ellipse object) from QUE 94201 seen on the 
electron microprobe. The red spots depict spot analysis 
on the merrillite grain.   Results for the 24-99 and the 
26-94 spot analysis can be seen in table 1. 
 

                         Table 1. Electron microprobe analysis (wt%) of merrillite in Los Angeles and QUE 94201. 
   QUE94             QUE99             QUE103   QUE104             LA109             LA110           *              + 
 
SiO2            0.13                    0.12                    0.19                        0.19                   0.16              0.16 
Al2O3           b.d.                     b.d.                     b.d.                         b.d.                     b.d.               b.d. 
FeO            5.84                     6.42                   5.94                        5.97                    5.10              4.43 
MnO           0.30                    0.19                    0.29                        0.24                    0.23              0.17 
MgO           0.56                     0.27                   0.81                        0.79                    0.94              1.25     
CaO           46.41                  46.33                 46.06                       46.33                  45.91           46.03 
Na2O           0.54                    0.60                   0.65                         0.72                    1.24             1.32 
P2O5             44.08                  44.26                 44.13                       43.95                  44.34           44.12 
Total          98.13                  98.66                 98.14                       98.38                  98.44           98.02 
Mg#             0.14                    0.07                   0.19                         0.19                     .25                .33         .38       .23-.30 
 
b.d. : Below detection limit 
* : QUE 94201—Whole rock 
+ : Los Angeles —Whole rock 
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