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Introduction: Shergottites are basaltic achondrites commonly thought to have crystallized from a magma on 

Mars. They show a compositional variation in chemistry from enriched to depleted based on their incompatible ele-
ment concentrations as well as Sm-Nd isotopic systematics [1]. In addition they are sub-divided into three distinct 
petrological types; olivine-phyric, basaltic and lherzolitic shergottites [2]. There is a correlation between the geo-
chemical and petrological classifications with some exceptions. For example, the enriched and intermediate sher-
gottites are mostly basaltic and lherzolitic, while depleted one belongs to olivine-phyric. It is well known that the 
enriched and intermediate shergottites showed igneous formation age of 165-200 Ma, while the age of depleted one 
varied from 327 to 575 Ma [3], even though Pb-Pb ages of ~4.1 Ga were reported for several shergottites [4]. 
Zagami was classified into enriched basaltic shergottite together with complex formational history [5]. A petro-
graphical study [6] suggested that zagami is a product of two-stage magmatic history. There are many reports on 
radiometric age of zagami crystallization. Even though the most recent study [7] reported U-Pb age of 180±7 Ma in 
baddeleyite, the previous Rb-Sr and Sm-Nd mineral isochron ages [8] were 166±6 Ma and 166±12 Ma, respectively, 
younger than the U-Pb age. On the other hand, Ar-Ar dating [9] showed an isochron age of 223±21 Ma, significant-
ly older than Rb-Sr and Sm-Nd ages. Futhermore an ancient age of 4048±17 Ma was assigned to zagami by Pb-Pb 
method [4]. The radiometric ages are, thus, not consistent in literatures and very complex. We present here ion mi-
croprobe U-Pb age of Zagami phosphates.         

Methods: The thin section sample (termed “normal Zagami” with coarse-grained signature) mounted in epoxy 
disk was carbon-coated and an electron backscattered image was taken by an electron probe microanalyse (EMPA) 
to locate calcium phosphate grains without small inclusions and cracks. Several grains were identified with the size 
ranging from 50 to 200 µm where some of them are apatite and others are merrillite assigned by their chemical 
composition. After EPMA analysis, the section surface was polished slightly and gold-coated to present charging of 
the sample by the primary ion beam. At first U-Pb dating was performed on a SHRIMP instrument at Department of 
Earth and Planetary Science, Hiroshima University. An O2

- primary beam was focused to sputter a 20µm-diameter 
area and the positive secondary ions were extracted using 10 kV. The magnet was cyclically peak-stepped from 
mass 159 (phosphate matrix, 40Ca2

31P16O3) to mass 254 (238U16O), including all Pb isotopes, and mass 238 for 238U. 
The U/Pb ratios were calibrated with an empirical quadratic relationship between 206Pb/238U and 238U16O/238U ratios 
and an apatite standard “PRAP” derived from an alkaline rock in Canada dated at 1156 Ma [10]. The U-Pb isotopic 
analysis of the same sample are undergone by a NanoSIMS instrument at Atmosphere and Ocean Research Institute, 
University of Tokyo. Experimental details were given elsewhere [11]. 

Results and Discussion: U concentrations of phosphates by SHRIMP analysis vary significantly from 2.5 ppm 
to 10.7 ppm, where an average of apatite is 6.7±2.1 ppm (n=7, 1s.d.), about 2 times larger than that of merrillite, 
3.2±0.6 ppm (n=13, 1s.d.). Generally U contents of Zagami are larger than those of phosphates in Shergotty varying 
from 0.56 ppm to 1.6 ppm measured by the same instrument [12]. There is a positive correlation between 238U/204Pb 
and 206Pb/204Pb ratios of phosphates in Zagami. A least-squares fit (York method) gives the 238U-206Pb isochron age 
of 363±120 Ma (95% confidence limit, error correlation=0.845; MSWD=2.8). This age is markedly older than 
180±7 Ma of baddeleyite of the same meteorite [7]. There is again positive relationship between 206Pb/204Pb and 
207Pb/204Pb ratios.  If the trend is ascribed to a 206Pb-207Pb isochron, the age calculated by the York method would be 
3148±1100 Ma (95% confidence limit, error correlation=0.943; MSWD=1.5). This age is significantly older than the 
238U-206Pb isochron age of 363±120 Ma, but consistent with Pb-Pb age of 4048±17 Ma in a literature [4], suggesting 
either discordancy or mixing between a 200 Ma radiogenic Pb and highly evolved common Pb [13]. Total Pb/U age, 
as determined from a regression line constrained to intersect the Tera-Wasserburg Concordia in 3D-space 
(238U/206Pb–207Pb/206Pb–204Pb/206Pb), is obtained as 300±84 Ma (95% confidence limit, error correlation=0.505; 
MSWD=2.7). This phosphate age is again significantly older than that of baddeleyite, but shows marginal agreement 
with Ar-Ar age of 223±21 Ma. The discrepancy between phosphate and baddeleyite U-Pb ages may be attributable 
to the size of grains and thus different closure temperature but should be verified by NanoSIMS U-Pb analysis.         
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