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SUMMARY

(3 = 2 o 7

I. Title

Single-grain (U-Th)/He ages from Martian meteorites (Zagami, ALHA77005) and Acapulcoites
(TIL07012, EET14074): Implications to their thermal histories

II. Purpose and Necessity of R&D

Martian meteorites are the only samples available for the laboratory study of the Martian
crust. When these meteorites were separated from Mars by strong collisions, their textures and
chemical compositions changed; therefore understanding these changes are very important for
studying the original characteristics of Martian meteorites when they were in the Martian crust.
Understanding these collision conditions is also inportant in the study of whether life can be
transferred between planets ("panspermia hypothesis"). In general, the entire journey of a
meteorite, from detachment from its parent body to arrival in the Earth surface, is poorly
understood. To clarify these processes, we perfomred single-grain (U-Th)/He dating for two

Martian meteorites and two Acapulcoites.

III. Contents and Extent of R&D

Because He diffusion is relatively sensitive to temperatures, it can be efficiently used in
studying various planetry processes, such as separation of a meteorite from its parent body,
orbital trajectory in space, and transfer in Earth’s atmosphere. The (U-Th)/He methods have been
applied to a limited number of meteorites, but most meteorites are unexplored. This study shows

how the mthods can be used to genral meteorites.

IV. R&D Results

Zagami and ALHA77005 yielded overall sinle-grain (U-Th)/He ages of 92.2 + 4.4 Ma and 8.4
+ 1.2 Ma, respectively. These ages are consistent with previously reported whole-rock (U-Th)/He
ages. However, the overall single-grain (U-Th)/He ages have higher analytical precision. To

constrain the diffusion domain size, the microtectures of Zagami phosphates were investigated



using a scanning electron microscope (SEM). This approach yielded diffusion domain size
consistent with the results from the incremental-heating experiments. Althoguh further
investigation is required, it is likely that the approach using a SEM can yield reliable constraints
regarding the diffusion domain size. Thermal history modeling of the new single-grain
(U-Th)/He data from ALHA77005 resulted in shock temperatures of 460-560 °C, consistent with
the previously reported conditions deduced from the textural analysis. For Zagami, the
modeling yielded shock temperatures of 360-410 °C that are significantly higher than the

previously reported estimates.

The single grain (U-Th)/He ages from two Acapulcoites of TIL0O7012 and EET14074 are widely
scattred, probably due to differential alpha recoil loss and diffusion domain size of individual
samples. The ages show positively correlation with grain radius or U-Th-Sm content, and these
relationships were used for thermal history modeling. The results indicate that these meteorites
are likely to have stayed at low temperatures during their orbital delivery to Earth, and most of
the He and Ar diffusion occurred during their passage in the Earth’s atmosphere. For TIL07012,
there is a possibility that this meteorite experienced higher temperatures during it orbital
trajectory if the Ar loss in this meteorite is higher than 1-5%. For more detailed constraints,

“Ar/¥Ar analysis is required.

V. Suggested Research

Although there are numerous studies about heavy noble gases in meteorites, only a few
studies are reported about meteoritic He systems using low-temperature diffusion experiments.
Accordong to this project, it became clear that low-temperature isothermal heating experiments or
incremental incremental heating experiments are crucial in constraining the He diffusion domain
radius. Therefore, such experiments, even in a whole-rock scale, will greatly enhance our
understanding of He systems in various types of meteorites. This approach can be combined
with SEM-based investigation to better constrain diffusion domain size. Also, the single-grain
(U-Th)/He methods can be applied to other Martian meteorites to better constrain the shock
conditions. Such efforts will provide more reliable dataset that can be used for comparison with
the results from the textural analysis, and eventually it will improve the quality of
intercalibration between the He diffusion and textural analysis. From the study about the two
acapulcoites in this project, it is shown that the scattered (U-Th)/He ages can be used to model
the themal history if the resulting ages show expected relationship with the grains size or
U-Th-Sm contents. This suggests that highly scattered (U-Th)/He ages, commonly identified in
meteoritic samples, can be utilized with some assumptions. *’Ar/*Ar dating in combination with

single-grain (U-Th)/He will be very useful in constructing thermal history of meteorites.
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22 SASAT (29 4). od@ 23498 WAL A« 33494 Agel A&7 98, 7

A5 Fo] AAakgk gk =l WHAE S Zagami® A% ¢F 2-9 um, ALHA770059]
°F 5- 20 ym= F4 = Atk

A RE o2 gk Ha e FAAA AunjF o AHEA g nAd #do] S A¢

AA G4k EuQle] A7V]E Ys #olx Al k. ol g £AE sAsty] A 7]
9 2% (isothermal heating experiment) 2 3= o]-&3fo] &4 =<l WkA

2 FAsGT o]lE Y8l E Bogard et al. (1984)¢] Zagami A <tel] T

g3l =, ol b mele] wbA o] oF 3-4 pymell | FES AAET (2" 5). oY

g Ay FAAAEN A S T3 F8F A =udle] v (2-9 um) I Aol A d A

st whebA], FARAA An A S ek S Eule] v ] FA o] Ad H

A -
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A 2 A TIL070122} EET14074 o}7}E3 24 (o7& HololE)

Y FAAFAE FFEA s g5H F oY oppER 41 TIL070129
EET14074 o tidl A5 a3t TILO7012= 20079 %= F=8Als B9 2t (Thiel
Mountain) oA 30ge] Aoz WA ow 2010 Meteoritical Bulletin Database®l] 3

A Ao FEHATE (Weisberg et al, 2010). o] &4 1 A3 Arhsddhe] 540
2 opFfE Aol E-rEdtyolE o] ERESlon, =2 ARG et el we HI: Ao

2 ol7lZsolo]ER HHHSIth (Choi et al, 2000). EET14074% 20144 % Geals o
dHE 272l 4t (Elephant Moraine Mountain)oll A 14.4g2] 4o =2 WAEon 2018
d Meteoritical Bulletin Database®l] &2 % o2 S25 it}

o7t EFofol E= H A A2 Lo mRE o] dAHAG LA v wet
A, a2 A9 Y 52 ARt AAS A A G Xe, U/Pb 22 Sm/Nd s 9407+
2 HSA 48 2TdE S AAGH AL d9AF A S A A S (U-Th)/He 9% &
a

QA el A EjFA FA A= A= (Min et al, 2003), o]= o7&
Z

HEHoE 49 (U-Th)/He AA#HL A ANEE o]gslo] A3} (Schwanzer et
al, 2008), 7]&e] ® ¥ U-Th 3= 2 ‘He HFE o]&3ste] A= (Wasson and
Wang, 1991) o7} oke}, shAw olejd 19k (U-Th)/He A#e 246 Egats &5

ol 2 3t =
A 719 (cosmogenic) ‘He®] <o) WA (radiogenic) ‘Heol <Foll Hls] Athd o=z @7
ol A8t (U-Th)/He 948 Fste Aol E7Fsstth. T3 el (U-Th)/He ¥

= o2 ow @A (U-Th)/He ARl Hitxet dAetofof sh=d], T2 HT=

(non-shocked) 419 4% WAstA oz ongl= A2 7Hd =2 @4 (U-Th)/He
ARANM FFd vk wEA Ak (U-Th)/He &

el AFBAE el dvels 245 o, Bo FAHR] Ay kel M

A . = oFFhE ALofo]

Eq é%é}% M= %%il‘%ﬂ oA i e 94 (U-Th)/He 985 3k, ]
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2. TILO7012

7h FARRAR du) g 2 A

AabF &9 FHE Lotz fdl duA BFES ol &3 wAFEMS HAAs A
ZF Qlatyd A dyA BFH A F210, 2 Adatyd TR & 1AM 2ES 9
ok Cl-213]4, F-213l4, vHeelE & 2137 98] Cl, F, Mg, Na 59 &3S
aEEHeh $4 Cl & Fo %2 o] Ba=a, Mg 52 Na9 o] wj$ wo
| Cl-28 Aol F-¢lgdolgt AEXQr vt Mg 22 Naol ®x7F A8 49
o]5o] It FEo| EAS= o] oyl e At EEFFoluh, AL HHoIAME
B A Ak QA obg Rl EAEE A BBl EATE e AE U wet
A, St Eeld A9 Mg &2 Nats o]2]dh jfatd o2 2E 7|eldk Zlolegt dds)
Atk 46709 A JAF 7/He] 134 29709 Cl-213]A, 4702 F-<13]4], 671¢] w
delolEE sttt (F 1), tF-E29 Qatyd #Eo] Cl-d3dola, 2ol <134,

A&t (Min et al, 2003). Bth J A A57F ol Aol A A A& A

No No. Grains
Graiﬁs % Yielded Ages > 4.0 Ga
Ages > 4.0 Ga
Apatite 7 15% 1 4.064 + 0.112 Ga (Pl111)

. 4317 + 0.183 Ga (P1112), 5.769 + 1.506 Ga (P1112)
Chlorapatite 29 63% 4 4283 + 0.144 Ga (Pl115), 4.447 + 0.149 Ga (P1115)
Fluoapatite 4 9% 2 4568 + 0.176 Ga (P1112), 4.259 + 0.253 Ga (P1112)
Merrillite 6 13% 0
Total 46 7

N;

3% 1. TILO7012 A &% (U-Th)/He 8 =Ao] A1&4

ro
22
2
o
o
N,
-l
o
of\
=il
fo
Hir
rlo
re
old
Bl

L. (U-Th)/He A% 574 A%

TIL0O70129] A=+ 1 Al59 =Z7]el whet Pl 111(150-180 pm)¥ P1 112, 115(180-250
. AA (U-Th)/He 9482 354 £ 89 (lo) Ma A 5769 + 1506
welth (g 8). Ad ¥ Z=3F¥(Kernel Density Plot)&= 7]&d &
= 3 (Probability Density Plot) H.t} AH o] A% EAHS Ht} 2
3 =, t} (Vermeesch, 2012). P1112, 115A] 5+ Pl 111X 520 ti7] =&
AR s Bdok (27 9). TF Flol 71Ag ukebzto] 40 Ga Btk =& 7Y AET 6
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