
NEW AR-AR AGES OF EL-CHONDRITES.  J. Hopp
1
, M. Trieloff

1
, U. Ott

2
, E.V. Korochantseva

3
 and A. I. 

Buykin
3
, 

1
Institute of Geosciences, University Heidelberg, Im Neuenheimer Feld 234-236, D-69120 Heidelberg, 

Germany , jens.hopp@geow.uni-heidelberg.de . 
2
Max-Planck-Institute for Chemistry, Hahn-Meitner Weg 1, D-

55128  Mainz, Germany. 
3
Vernadsky Institute of Geochemistry, Kosygin St. 19, 119991 Moscow, Russia. 

 

 

Introduction:  Parent bodies of enstatite chondrites 

accreted under reducing conditions in the solar nebula 

leading to formation of rather unusual mineral phases 

which are not stable at oxidizing conditions common to 

other chondrite groups. Both chondrite groups (EH and 

EL) encompass the whole sequence of petrologic types 

3 to 6 reflecting the different metamorphic history of 

individual meteorite specimens. Reconstruction of this 

metamorphic history requires application of different 

dating methods characterized by distinct isotopic clo-

sure temperatures. However, thermochronology is 

hampered by a still restricted number of chronologic 

data and a bimodal distribution of petrologic types: 

Whereas in case of EH-chondrites lower petrologic 

types appear more abundant than higher grade rocks 

this is opposite in case of the EL-group enstatite chon-

drites dominated by type 6 meteorites. Hence, previous 

attempts to reconstruct a thermochronology of the EL-

parent body based primarily on age data of EL 6 chon-

drites. Meanwhile, there exist more specimen of type 

EL 3-5 suited for dating. As part of a more comprehen-

sive study we applied the Ar-Ar and I-Xe dating meth-

ods to whole rock splits of several EL chondrites. 

Previous work and experimentals: Previously re-

ported Ar-Ar ages often exhibit complex age spectra 

and in some cases ages even exceeding the age of the 

solar system [1]. This has been interpreted by recoil 

redistribution of 
39

Ar from K-rich to K-poor phases 

during neutron irradiation. Because of the presence of 

several K-bearing minerals (sulfides, e.g. Djerfisherite; 

silicates, e.g., plagioclase, roedderite) such a redistri-

bution in fact may lead to complex age patterns. Hence, 

reported Ar-Ar ages of 4.50 to 4.53 Ga for EL 6 chon-

drites [1] strongly depend on interpretation of respec-

tive age spectra.  

We present whole rock Ar-Ar data of 5 EL-

chondrites: EL 6: ALH 81021, LON 94100 and 

Neuschwanstein; EL 5: TIL 91714; EL 3: MAC 88136. 

All EL 6 chondrites show only very minor weathering, 

whereas in MAC 88136 beginning of weathering (al-

teration veins) is apparent. The EL 5 – meteorite shows 

significant staining (weathering stage C). All whole 

rock splits (size of each split >1mm) were cleaned in 

high purity ethanol only, subsequently wrapped in high 

purity Al-foil and irradiated with Cd-shielding together 

with several NL25 hornblende age monitors (2.657 ± 

0.004 Ga), one CaF2 and one chlorine interference 

monitor for 99 h in the Sacavem nuclear reactor, Por-

tugal. Decay parameters follow the convention [2]. We 

performed a high-resolution stepwise inductively heat-

ing procedure. The released gas was purified with a hot 

Ti-sponge, and hot and cold Zr-Al-alloys before meas-

urement with a CH5 Varian MAT mass spectrometer. 

All data were corrected for blank contributions, nuclear 

interference reactions and spallation. Frequent meas-

urement of an air standard was used for correction of 

experimental mass fractionation and for calculation of 

absolute concentrations. 

 

 Isochrone  

Age [Ma] 

40
Ar/

36
Ar0 

ALH 81021 (EL 6)   

680 – 920°C (N=8) 4445 (13) 269 (14) 

1110 – 1300°C (N=9) 4493 (9) -1.1 (4) 

LON 94100 (EL 6)   

600 – 1000°C (N=11) 4499 (15) 225 (29) 

1080 – 1320 (N=6) 4533 (17) -9.9 (5.0) 

“ 4497 (9)  0 (0)
§ 

Neuschwanstein (EL 6)   

640 – 850°C (N=7) 4489 (19) 177 (15) 

1090 – 1320°C (N=12) 4480 (14) 0.2 (7) 

TIL 91714 (EL 5)   

780 – 920°C (N=4) 4476 (18) 193 (65) 

960 – 1280°C (N=13) 4483 (9) 0.2 (6) 

MAC 88136 (EL 3)   

880 – 1290°C (N=10) 4493 (11) -5.4 (1.5) 

“ 4454 (9)  0 (0)
§
 

§ Intercept manually set to zero for regression analyses 

 

Results: For all meteorites we obtained well-

defined isochrone relations with ages that agree within 

analytical error (1) (Table). Isochrones were calculat-

ed with a York-fit routine [3]. The equilibrated EL-

chondrites exhibit even two isochrones for low and 

high temperature ranges (Fig. 1, 2: example of 

Neuschwanstein meteorite). Due to weathering low-T 

isochrone is less well-defined in case of TIL 91714. 

The intercept 
40

Ar/
36

Ar0 values of high-T isochrones 

are equivalent to solar composition whereas at low-T 
40

Ar/
36

Ar0 is 180-270 (see Table), significantly above 

the solar value and below the atmospheric value. EL 3 - 

chondrite MAC 88136 provided one well-defined iso-

chrone with an intercept of 
40

Ar/
36

Ar below zero. 

Hence, resulting age  is only considered as maximum 

age. Similarly, the high-T isochron of LON 94100 
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yielded an intercept value lower than zero, presumably 

due to a lower number of data defining the isochrone 

relation. Setting the intercept 
40

Ar/
36

Ar0 = 0 resulted in 

an age more consistent with the other isochron ages. A 

duplicate measurement with better resolution is 

planned to check the correctness of this approach. 
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Figure 2: 
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Implications: Apparently, the reported old ages of 

4.50-4.53 Ga [1] for EL 6 chondrites disagree with our 

lower age range of about 4.48-4.51 Ga, which also 

includes lower petrologic types. In previous studies it 

was not recognized that at lower temperatures the 

trapped argon composition differs from solar composi-

tion typical of the high temperature extractions. Ac-

cordingly, isochrones tended to have steeper slopes and 

older ages. These old ages were problematic because in 

the course of revision of the K-Ar decay constants all 

ages that are calculated following the convention [2] 

(including those presented here) need to be adjusted to 

older ages by ca. 20-30 Ma at 4.5 Ga [4]. Hence, the 

previously invoked very fast cooling of the EL chon-

drite parent body [1] is not supported anymore by our 

new Ar-Ar ages. 

The age concordance between all petrologic types 

analysed so far apparently points to a major resetting of 

the Ar-clock either by a large impact event or by late  

and fast formation of the EL-chondrite parent body. 

The latter scenario however, is not supported by I-Xe 

ages of about 4559 Ma ([5] and new data of 

Neuschwanstein obtained within this project), thus 

leaving a thermal event disturbing the K-Ar (and, less 

severe, the I-Xe) system as most likely scenario.  

We might explain the different behavior of low and 

high temperature phases by melting, remobilization and 

reformation of K-bearing sulfides that should release 

their argon at lower temperatures. During this thermal 

overprint the argon in these sulfides was rehomoge-

nized and only partly degassed, maybe due to a rela-

tively high solubility of Ar in sulfidic melt. In opposite, 

the high temperature phases likely are silicate phases or 

sulfides enclosed in silicates (e.g., plagioclase, ensta-

tite) which lost all radiogenic 
40

Ar* produced before. 

The carrier phase (metal ?) of the solar component 

appears less affected, leading to a mixture of radiogen-

ic and solar argon during high temperature extractions. 

However, this discussion remains speculative as long 

as the carrier phases of K and Ar and their behavior are 

not thoroughly known. 

References: [1] Bogard D. D. et al. (2010) Meteor-

itics & Planet. Sci., 45, 723–742. [2] Steiger R. H. and 

Jaeger E. (1977) Earth Planet. Sci. Lett., 36, 359-362. 

[3] York D. et al. (2004) Am. J. Phys., 72, 367–375. 

[4] Trieloff M. et al. (2003) Nature, 422, 502-506. [5] 

Kennedy B. M. et al. (1988) Geochim. Cosmochim 

Acta, 52, 101-111. 

Acknowledgements:  The authors are grateful to 

the AntMet Working Group / NASA Johnson Space 

Center, and to Jutta Zipfel for generously providing the 

meteorites. 

1865.pdf44th Lunar and Planetary Science Conference (2013)


