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Petrogenetic implication of the rare earth elements (REEs) is essential to understand the formation history of a 

meteorite and its parent body.  Jinju (a H5 observed fall on 2014) has a remarkably high porosity of 19.5 vol.% and 

numerous euhedral or subhedral vug-filling crystals that have been suggested as a result of vapor phase crystalliza-

tion caused by impact [1].  In order to better understand the shock vaporization and metamorphism Jinju experi-

enced, we studied the occurrences and measured REE abundances and Pb-Pb ages of merrillite, a major carrier of 

trace elements including U and REEs. 

Polished sections of Jinju were petrographically studied by optical microscope and scanning electron microscope. 

REE abundances were measured with CAMECA 6f secondary ion mass spectrometry (SIMS) in the Meteorite Re-

search Lab at SNU that was kindly donated by Samsung Electronics.  The Pb-Pb ages were obtained by SHRIMP IIe 

and Laser MC-ICP (Nu Plasma II with New Wave Research 193nm ArF excimer Laser) at KBSI. 

Majority of previous SIMS measurements of REEs have been performed with conventional energy filtering 

method [e.g. 2], while high mass resolution (HMR) using a larger-magnet SIMS, i.e. SHRIMP was adapted by [3].  

We applied HMR (mass resolving power of ~7000 at 10% peak height) to obtain REE abudances in merrillite of 

Jinju with a 6-10nA O- primary beam of 15keV, which is focused onto a ~20-50 μm diameter on carbon coating thin 

section.  Energy window of ~40 volt was used without energy offset.  All the signals of secondary ions were collect-

ed by electron multiplier (EM) at peak jumping mode.  NIST glass 611 [4] and Durango apatite [5] were standards 

for mass calibration and relative sensitivity factors.  The merrillite Pb-Pb ages using the SHRIMP IIe were measured 

with a O2
- primary beam of 4-7 nA intensity at peak jumping mode with an EM.  Laser MC-ICP analyses were car-

ried out with excimer laser of 5 Hz repetition rate and 2-3 J/cm2 energy density.  The spot has a 15 μm diameter on 

the sample surface.  Background intensities were measured for 35 s and dwell time and wash out time were set to 30 

s and 15 s, respectively for each analysis.  Terrestrial apatite grains were standards in both SHRIMP IIe and Laser 

MC-ICP measurements. 

In Jinju, only merrilite is observed as a phosphate mineral: there is no trace of apatite.  The average modal abun-

dances of merrillite is 0.55 vol.%, similar to the other equilibrated ordinary chondrites (EOCs) [6].  Note that the 

absence of apatite in phosphates has been reported in Watson 012 (H7, >S4) [7].  Jinju merrillite grains occur either 

interstitially or as euhedral to subhedral vug-filling crystals.  The grain size varies up to ~300 μm. The REE abun-

dances are homogeneous within our analytical uncertainties (10-30%).  The REEs show almost unfractionated flat 

pattern of ~100-300 × CI chondrite, except Eu having negative anomaly (~40 × CI). Light REEs (~200 × CI) are 

slightly enriched relative to heavy REEs (~100 × CI).  The abundance and pattern are similar to literature data in 

type 4-6 EOCs [6].  Weighted averages of the 207Pb-206Pb ages obtained by SHRIMP IIe and Laser MC-ICP are 

453335 (2) Ma and 450512 (2) Ma, respectively, and they fall at the youngest end of previously reported 

phosphate ages in EOCs [e.g. 8]. 

Jinju is an EOC (H5) having a high porosity and abundant vug-filling crystals.  The shock stage was estimated as 

S3 or higher [1].  The homogenous REEs in the merrillite could be either results of impact event(s) or thermal met-

amorphism due to internal heat source, such as decay of 26Al.  Considering relatively young age of Jinju merrilite, it 

is not supposed that enough 26Al was remained when the merrillite grains were equilibrated.  If Jinju had been ther-

mally metamorphed prior to the shock, it would be hard to explain high porosity and numerous vug-filling crystals.  

Thus as suggestd by [1], we conclude that Jinju H5 chondrite was neither equilibrated nor compacted prior to the 

impact event(s) and that the shock made not only major elements but also trace elements including REEs and U-Pb 

equilibrated. 
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