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Abstract: The primary utilization of recently improved (U-Th)/He thermochronometry is to reveal the low-
T thermal histories of shallow crustal sections or transient episodes (such as wildfires or meteorite impacts)
because of the high sensitivity of He diffusion to temperature in host minerals. In this contribution, we
present reviews and perspectives regarding how this method can be used to characterize the ejection-related
shock metamorphism of Martian meteorites. The temperature conditions of shock metamorphism can be
constrained through shock recovery experiments, paleomagnetism, and “°’Ar/*°Ar and (U-Th)/He dating. The
most reliable constraints can be deduced when these independent approaches are combined. However, the
thermal history of the ALH84001 Martian meteorite has been under serious debate because the different
methods have yielded contrasting results. Recent work has shown how single-grain (U-Th)/He and “°Ar/
¥Ar dating, two noble-gas based thermochronometries with different T sensitivities, can be used to resolve
this issue, providing a good example for future research on other meteorites.
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83 A AEEA ohFg FofollA A7t X8
o] gt} dE =¥ STl § 9 WES] 4T
A (Harper Jr. et al, 1995), sHdul7]e] st
(Mathew and Marti, 2001), "Fzv}e] 24 (Stolper
and McSween, 1979), X|Z}9] X138} (Nyquist et al.,
2001), =AM ZE (Stoffler et al., 1986; Treiman,
1998), A7} FHNA 9 F3H2-§ (Bridges et al.,
2001), AHAe] EA 7 (McKay et al., 1996),
249 WEAY (Fritz et al, 2005) 5°] °|& 3}
AeAE F8l olFo Aok

3 24 (Martian meteorites)> 2HAE A SN
TOE FREHATT UFel sH371EeE Bzl
Folth. SNCe IH 429 32AE wet ©l58
22 Aoz o]52 77t MarElo] E(Shergottite), L
Z2}o] E (Nakhlite), A 21}0] E (Chassignite)°|t}. ©]
B ALHS84001 "3)419H(Orthopyroxenite) T3+ 314
71902 WA ol EF] SNCO o= &%
Tk SNCO 452 thE X5 vl8] 553 A
3std EAS 7Rt (MceSween, 1985; McSween
and Treiman, 1998). 3|, o] AJo|A -3 WA}
4 YA AFo] w9 Fh tiFEe] MilElolE
£ 165-500 Ma, LZEo|E 2 FPA)2Ue|EE 1270-
1340 Ma (Nyquist et al, 2001) 2] "M 9%
AFS 7=, o3 AH-2 A3} A% (crystal-
AR 2E- A¥ (shock meta-
morphic age), 3= HZAZE A% (alteration age) &
< ANk A2 FAE. ol 450 BHAF
= A2 dE2 oy MBS BAVE ¥y 2t
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A g ewe) ARE IS AUAY, YY)
FA(Muidy’t A7 ol sk el 21giee A

AlgHcE SNCO 248 A £]gh tjf-Ee] 450 7]
A3t Aoz AZEE AYFELS FmelA T4 km
of sdsls 2= =71017] wiZe] oln] S Wi
Fo] 2EEo] H7A AHSF 2 A EAE
7Fs/30] sitk. WA SNCO 2412 4844 7]
At Aol FHES qlom, vlwa HI7A| XA
&5 9 FA EAEY BN fEIg Ao By
TS AAJE s HaA| A-E o] AU
hEZQ YA O ZA, SNCO 49 #e xS 2
Awsk = Qlth. ALHS4001= <9149 A=A, 2
A3t AHL 45Gaol AT (Jagoutz et al., 1994),
oF 4 Gadll gt 7rEet SAHAA G o) diF
ol LA 2718 =AU dEA Ut
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2AE0] FLE BACA 71€8lS 7FsAol Erhe
e AAREEE A, MalEto|Eol| slideh= EETA
790019] freld F2oM FE3 71ATe] dHE &
ol AA shd FWolA mio]HFA (Viking
lander)o] &A% sMd th7]e] A vl fFAksiT

£ Zo] B8 A thBogard and Johnson, 1983;
Becker and Pepin, 1984; Swindle et al, 1986).

o]= EETA79001°] 3Md=]ztollA FEA] shdty7]e]
A7 FhE oA WEET At =2
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3 d@o] EAEREE SNCO 48 314d7]990)

gAst =
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HAAS FARHR

3 A zhe] dR7t 217 FEA (impactor)dl] ©]gk
et FA0 R A ZeA] "oz e} GEEE (escape
velocity) ©]/3e] &&o] o]2H, P FHAS Yl
el osf aeo®
WEEEA A =t
, Sl =7]
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A ol SAWEEES A :
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o] AL "o YeME g2&w @M 7
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o8 2A2] R7} dEe] RAZKEH Hoj4
< vio] 9Ajo] Hrks 7Hle] 7P s ol
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3pd-e43el] tigh(U-Th)/He

g AlEY el 3l A7 e
Az2AE AA @ BAZRE "o Uy
A& 7Hedol AAIEATE (Melosh, 1984,
1988, 1993; Artemieva and Ivanov, 2004).
1 o] AR dojd=r Urhd, ol 1A
ol U U= APAVE ZAE Hlojy ¢
o=, 4 Yol thE YPLE o] (pansper-
mia) 5 = 7FsAe] ke AL ov|shy| wii
A7 B (astrobiology) O = - F8g oJn|
Zt=th AAR dElgopt SANEARNE AL
TR UEEY tE Ao =galr] 7] A
EgE] dish FHAQ0 A7t AF € Algd oA
3] o]Fo] A om (Mileikowsky et al,
2000; Horneck et al., 2001; Stoffler et al., 2007),
olgfgt FRIM & 22 M 4] FAHAARE9
2708 Ast 0]‘* A+7F Fasia &
Z=AWMARL ] oz
71 S8k ‘:P"okfi} WiHol AREEATE 7P AEAd
e A0 E8] AEsle FERPA, A, 3
A %)31}’ QAT AL 2ALS TR = o]-M(zs:]_?_ol-
Rk, ok, FuelE Sl tiell S4dE (shock
recovery experiment)S A3 st & FEE = o271
2 9 slst 24 Aol 5AS AA A4 vlast
= WHolt(Ahrens et al, 1969; Reimold and
Stoffler, 1978; Ostertag, 1983; Stoffler et al,, 1986,
1988, 1991; Schmitt, 2000). T}t F7Fe| FEol
A B B2 5450 AREE], 53] AFEY
I Age] FHE(refractive index), B4 (birefrin-
gence) R AAAS} 22} EHE] A oY
FAo F= 20}, ojuf Fofsjol & 2, oH
Huboll Ax WS olF T4 4 (equilibrated
shock pressure)} wi-¢- $HJE FatollA H|HE w3
of <ot =572l 4E A% (disequilibrated shock
pressureye T-Totodok drhe Zlolnt. WIHE FA4Y
ge 4 U FE ¢ HF (pore or fissure)e]
E¥ 9 85785 (melt pocket/vein) & B3}
HAE UL, vl EtdasiA s, 1 AEAZE
%ﬂ_l_(mﬂhseconds) 4= - Foh HE 54
Zﬂﬁ A W o] FEENE g5 9
[¢) o Y B3 7|Ale] B B}l FHZE el
‘&74] 7F A=A 2 FHHATh(Schwenzer et al,
2004). Sko g HEioA AMGEE “TA dE e o
A3 HY 34 S AT s gk
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g g 2EF7F 27 Fritz et al. (2005)9]
zH geEo] o, o e 2EFHE
E °F ~30 GPaZkAl= 9kehH, 30 GPa ©lF-
8] S7ksh=s Ao=E dEA 3
4 F 2% 37} (post-shock temperature)= <
2 34 49E 7§, F4 7K shock
2] (Equation of StateyS S3f 74
st Wio]l F2 AFEEHA O (Artemieva and
Ivanov, 2004; Fritz et al., 2005; Stoffler et al.,
1988), o] W2 o] 7Pgo] Faslar A A
FE I WE-Tx7} B36b7] ol (heterogeneous,
polycrystalline, porous) & de] Hlw2 Avkar &
T Utk oS T3 A2, 34§ 2R
4 A5 exHsto]r] wiite] Hrj %7—13 =
(absolute shock T) & +317] $3lA=
SEE dolof ke @lo] irh. §]JH o] A% 9l
Lo wE FHRES] AFHshs oF -130°C
AE)PIA +20°CEREA, Ay 2 HskEe] 4
3] Z7] wjie] $AWE Ao FHLEE A3t
sAl FAL o (et webs 919 Ho R 4
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AeEE 2 2t wg- Ak #HAE 150°0).
FHANUAY] 25 APH oz FH] SleiMe
dao] S O]’Q‘ sk o] AAEAE Y

_,,]i HAE ‘Hex} “Ar 7+

o

"é«ﬂ%? 13, (2) %—ﬂ OW«] Zﬂﬂe Fao] 3
JA7] R CArPAr 9F ~HERE B 7
&, 2% B opz} FHA7 S
aIHo g o]8=24 Y} (Bogard, 1995; Weiss et
al., 2002; Min et al, 2004). %3k B34 7]H49
ke sdae] 2x1ske] o U4 Stk
E o] A}t (Shuster and Weiss, 2005). ©]23F
O]FZ (U-ThyHe ¥ “ArPAr HHS B3 &9
Ao FALE 9 1 BAle] orE B s
FAse Aol Aol AT FAoltt (Bogard, 2009;
Min, 2005)
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Hwa =2 HH% (closure temperature)s 7171
A2A1(¢l, Rb/Sr, Sm/Nd, U/Pby= o3k 74
of o3 Hae Ao WA gron, TAHAUAIINES
gl o842 4 fioh wEbA s Xzhe] A
A dojdt FHrle Lo RgE 2x.ay =23
AL o83t ExF oz wd + . B84 7]
2 Are] EhS o]8-3E WS YA Ar %A%
SAATE ol Ao F==2 o]g= o] $It}h (Weiss
et al, 2002). o= 3P4 e F8 K =3 &
E9] mxZEUo] E (maskelynite)’} W2 Ar 22k
58S 7 7] wielt), AN AE7kA] AT
H EE 3 49 YArfAr AEE 1 AAst A
gl vl g @S Holw, 4] WEAVIE
AABE 74 =& A% (cosmic-ray exposure
age)lll I3l w9 e Zoz dHA Utk o=
shdeAe] W AEE FANAEE g YAy
PAAS] wde] Bl Agtow AXs) o]f +Z
H AP YArg A9 B AL Atk AME S
AAret, oA webE SARAAE-S RS o
o] A|7F HFe] FF zZhgo] HIE HILEE 4
g, 2 71Zke] Ui Fol “ArPAAle] vl wln]
itk 8 4= k. ©F, ALH840019] 7% Z%Ar/
PAr A% oF 4.0 Gadll =], o]= sl
A FAT UG AAE A ET (Ash et
al., 1996; Turner et al, 1997). Webx “Ar/°ArA|
= A9 2R3t g, 52 MM A A
< Heled f8eA 2dg e v, eI
#E FAUAES AFast=tolls w9 AlEHE
9k 22 ot
AAR e AEE AW e 2=AIZk
Z7E T3] fEiME YArfAr AF S EELe]
ujAlgk 2 27kd ©Ae] Aol gk sfAlo] w9 S
838A =), SR vhd Al o] o] Ar(excess
Arpe] EAE A dAArE T oHRel US F
UTH ol Ar 2obo] AAskE ] FdET 2
7] W&ol o7 e, L3 3 th71E9)Ar
StFo] =31 (Owen et al., 1977), 4 2ZH&A] 34
th719] Y7t sPeA0] FYE T ARl B A
(Bogard and Johnson, 1983; Pepin, 1985; Bogard
et al., 1986; Wiens and Pepin, 1988), HZ=HA|

-

o] 35 ok gt} 53] A2 s A
SJEROlES] A AN B EFE FAEE YAry,
(radiogenic “Ar)e] o] Fof, Jof Arell g A+
7} Bt} E3pF o2 o]Rojda 9oy} (Bogard and
Park, 2008), “Ar, ;& o]&3l SAMYZES s}
ctlel= v AR o] §H L Utk (Bogard et
al,, 2009). HHAZ ALH840013 7Fo] <eie 344
4] Ase H2e] FAWEAES Fske B

TYHA 244 UTh (Weiss et al, 2002;
Shuster and Weiss, 2005).

e SARE, Y wiaZEue] EvE Ko| A
B HdEE-S AUTH, YArfAr 9% 2HERR=
38 H(volume diffusion) ¥ ofz} o]zgr HAZ}
goll oJaliA] F FEFS A At flollA A= vf
ofgto] FAWMAZE-S] 5448 W] flsiMe YAr
YAE 2 ERe] 22718 dAle] At Fagh
], olegk MAZE-2 iAol 2 dEEe] 2 F U
t}. olgfst FAHE wjio YArfArE=-AE 54
AE ol &3l @49 A3} o] 5o IS wele
o] oJgfgo] AUtk ol g EAHAE Eelal BE
ATES T2 YArfAr B A& dE HEh
(Weiss et al., 2002; Shuster and Weiss, 2005;
Bogard, 2009; Cassata et al., 2010).

(U-Th)/He2 =A% ZH4

2Ae] b 9 FE el EAlske PPu, PU
2 P Th & ¢3¢ M 59E AA 5L
Q1 2%pp, 27ph HXpbZ WA He=ul, olul] ‘He
A H( LT dAhe] FAEA Ak webA, AE
el U, Th #® ‘He®| & SATFC=EZA, dB8& 7
A Sl o olEgh WhHE (U-ThyHe "olzt
gtk WSm — '“Nd G5 o8 FAEE ‘He
o] g eju|ofof AR, Tl A A A8
Sm gHgo] i, BTG 17He] ‘He AATHS &
(U 2 The Z+2+ 1570, 6709] *He ¥AEA),
w717 vlwA 7] wjEe] Sm Sde tiFHEEe
A AlgolA wEsitt. 22yt Al EelU-Th
o] Z2 749, 32 Sm o] B2 AL ol&

Aste] AFANA Wi ste{of it

ool o8 FAHE ‘He YA E 24
(daughter isotope)y= B2 BAE] Zgk AUAR <l
3l M= RihgRe 2 o]FaiA Het, ol I

deeomoh N PR ok 7
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313240 theH(U-Thy/He 998 24 . 7|& A+

< HEA (recoil) dFolg}t sttt QA wed
2ol Blal w9~ 7PHAL, AR el A= AUA] %
7] wiZel] BhAte] YA =RE Kot He o]EsH

ot olyst HEA o]%F A (recoil distance)= U,
Th E3Zge] 7+ @Al ofsl FAFE LAl o
o wiF thEa, B3 WU, The Skl Sl
B T 2 24l deiME e WAET
b FHo| BE3= A (phase)ySoll HI3l ‘%}% U,
Ths FHralal e diddate =5 a4
dot YAE T FEC A =, EH RS
(U-ThyHe 9182 24 BT Fo)xA EJE}. °]
A3 a3 BASH] fla &35 fYAre] Bk A7)
2 5 duikge] duiAt tiIAETE &4
H A=A F4 8 (Farley et al.,, 1996).

o] AFSAUL 1905d LU HE= A
" o] AT oA g A tiel AEEHAo
(Strutt, 1908, 1909, 1910; Paneth et al., 1930;
Arrol et al,1942) S74%F AHo] ul]¢ Ef2F oo
A EAEE 22o)A] gyttt o] v
& AR Eo] WE AT (1) *Hert WA B3 & of
Yz} cosmic rayete] ¥hgol| oJsiXE FHEF UL
™ (Bauer, 1947), (2) tiEe] F= WjollA] Heol
FLEETE A7) wEe] thE AR SR Bl A
204 He®] F4to] o]FJX| 3L (Zeitler et al.,
1987; Farley, 2000), (3) A3 &l <& F=
‘Hew &7} 27 wjiol] FAA] tiite] 2
E WA eF 20 um 7HF o584 Utk (Farley et
al.,, 1996). Wb o] ol tigk ®Ao] o]Fof
Aokt 1 Aol A AT oulE ZHA| HH, B
¥ (U-ThyHe 9% th& WHog ZHE A%}
Z3E Holt},

(U-ThyHe IS4l ol F W B
U, The 33kl Y= Ao (zircon), Lﬁl/‘—q.(
tlte) E]EHY (titanite), FUFA}C] E (monazite), 14t ]
F 4 (xenotime), HEAZ|o}O|E (baddeleyite), %23
(hematite), 1572 (garnet) 5o, 499 ¢ <lF]
A(Min et al., 2003)3} ™2 2}o] E(merrillite: Min
et al, 2004; Min and Reiners, 2007)7} 224 9l
c}. HePJ SAEA] S 7L7L9/] FE tisl] g=7] o

rlo

Bol,, FAT G4 ol The BET o) A
o] éﬁ%m LAY MEE 2HTS At ol
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(U-ThyHe 52 19879 o]§ 241 Ao
olFo|H oM, “ArfAr W A EEA 71
o] &3t Al AHFSAYPOE Aot 3
(Reiners, 2002). (U-ThyHe W2 71&9] ojg) o
BHEA ol vjg)] HH2=rt Br] wiZel, AL &
AL F2 A7h oAl olFe] gk A
Agstd Arsol F8d & dx Ao A
(Ehlers and Farley, 2003). 53+ He®| hilo] 2%
o wig- 9zkslr] wjiel] AFgH o= wjg- F
2 GA% (U-ThyHeAdlol 282 4 k= 44
=35l a+7i0ﬂ ot Akl Ao} 3

< (Mitchell and Reiners, 2003), T
%?4101]*19] %%6& Heldd, 2419 FEE Min,
2005) 5= L GHuEe] 7)|7ko] B 7 AIRE 2

r ﬂmlm

it

irufc

TY vwro g A @ek Aol wfg- FHAW, (U-
Th)ﬂ{eﬁle olgslH olgfdt YA o EAE
S A7 F Sk
ol2fgt He grde] 544, (U-ThyHe ¥H
S 3ol FHgske Hole vt 2 Aol
A (1) U L Th—% féh"ré}z AE FEo] POl

3, (2) 2 SY7rss
Ad ‘i‘-ﬂ-‘?'] 7t Eﬁoob:ﬂ aé R ](45 Ga; Min et al.,
2003)%-El FHZ (~2000yr; Aciego et al., 2003y7}A]
wWor (3) Atk 2] sHdui7]e] Hedol vl 2t
o} sPIsEHNA O] FTAA P02 He 79
'3t mimlsih

g2 Y (U-Th)/He A7

ARl (U-ThyHe 985742 Aol tis) o] F
o] ﬂt} YT A9 tE ¢, I FUT F
7ol M2 ohE 240l sl Hes £33 E84 7]
Aol 24 2 U, The X33 S|ERF <
7t 7] =Tl LFEETE o] E9 Schulz and
Franke (2004 207H¢] 3Md24& X3 2000 o
7R Ao gk He 2738, Lodders (1998)2 U-
Th 245 & Pt oy slekxAo] g &
Aol #dsA wxgtE 7Pgstel, wxE 4 4
= ol g3 AY T R AL B3] (U-Thy
He dA&o] A 4 ot

3 4ol T8 Schwenzer et al. (2004, 2007,
2008)<> U-Th-He #41& AAIste] ‘He &4d&
(fractional loss of ‘He = f, )& AlAtsle] dwuits

<)
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o] #AMY ‘Heol AAA R AE2HE WEHA
A FA3A o] AtdXE ‘He £4&0] 57
A =

T ARS HRo2H, diFEe] ‘He &40

WEAe] FAd] o5l o]Fo] HE 7S ANSH
At} o]t A= ‘He 4o thE ofe] 824,
dF EW TR WEFT HUSLA 9% 7T,
cosmic-rayol] oJg WHg-, g7 o|x 2] F3kE, A
T 7] AL wHEE Sl ofg FE w9 v
ujsiths ARS WSS, o] et AR olFEA
(Acapulco) 2ollA LoJzl 4.5Ga®l % (Min et
al.,, 2003), AJE AHIH (St. Severin) ZEZ]E0]
A ek oF 43Ga2] 4% (Min et al, 2010), ALH
84001914 A& o7 ¥ A% (Min and Rein-
ers, 2007) 2 25E] AAjE AE3} A3t} Min and

gl

Reiners (2007) ALHS840019] Ar 2 He A3}
B3l o] 240 °F 15 Madll SHIA WEE &
FE7lA 9] ‘He 48 0.1% ©l8I9S Ao
A5k vh ok RS MAER|Es 54
Fo] 5Ma ©|slo|=E (Dhofar019% o 2|2 o
~20 Ma) ALH840013} §-ASH WhHo 2 o=
A9l ‘He 48 ALK = 1S Flolt)
Schwenzer et al. (2008)& X33l ojg] =& 7]
AlE ‘He £HEZ5E Ak AY¢ (U-ThyHe 917
o] & 19 A= oI}, THE AR, HlwA 2z
S QAE JHE ‘He SAEENEH AakE AU
olg} X|THE vi-g- & XS THAAL 9w, ofH
Aol 100%01°de] 245 Z|% = Holr).
‘He 480 37182 (U-ThyHe 91H-& 7231,
wEhA] ol gt A2 AEe] A A= AXA

i

-
§ b
b @ v o n

o

=

o]

Table 1. U, Th data, phosphate mode, crystallization ages, fractional loss of radiogenic “He and calculated whole
rock (U-Th)/He ages. The whole rock (U-Th)/He ages were calculated based on the given fractional loss data and

crystallization ages

Previous Study

Calculated from
Schwenzer et al.

(2008)

Meteorits U@ Th® Phosphate ~ Crystallization ~ Loss® Whole Rock
[ppm] [ppm] Mode [%] Age® [Ma] [%] (U-Th)/He Age [Ma]

Basaltic Shergottites

EETA79001 Lith A 0.016 0.067 tr-0.4®, 2© 173 56+9 76

EETA79001 Lith B 0.037 0.145 0.2-0.7® 173

Los Angeles 0.12 0.57 1-3@ 165

NWA480/1460 0.064 0.215 1© 336

QUE9%4201 0.0125 0.05 4-60 327 90 + 29 33

Shergotty 0.089 0.37 1@ 165 71+1 48

Zagami NZ 0.102 0.34 0.5-1.3® 177 36+ 6 113

Zagami DN 119

Lherzolitic Shergottites

ALHA77005 0.0062 0.024 0.49 179 100 £ 30 0

LEWS88516 0.011 0.04 0.9-1.7® 178 88 + 20 21

Y-793605 0.0036 0.013 212

Olivine-phyric Shergottites

DaG476 0.019 0.012 10 474 100 £ 50 0

Dhofar019 0.11 0.04 1™ 525

SaU 005/008/094 0.05 0.012 <0.01™ 800 99+4 8

Y-980459 0.006 0.0213 tr© 472

(a) summarized in Schwenzer et al. (2008), (b) McSween and Jarosewich (1983), (c) Schwandt, (2001), (d) Rubin et al. (2000), Xir-
ouchakis et al. (2002), (e) Barrat et al. (2002), (f) McSween and Eisenhour (1996), Harvey et al., (1996), Mikouchi et al. (1996), (g)
Stoffler et al. (1986), (h) McCoy et al. (1992), (i) McCoy et al. (1993), (j) Treiman et al. (1994), (k) Treiman et al., (1994), Wadhwa et
al. (1994), (1) Wadhwa et al. (2001), Mikouchi et al. (2001), (m) Mikouchi and Miyamoto (2001), (n) Gnos et al. (2002), (0) Greshake

et al. (2004)
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0.08 ppm 5ot} Lodders (1998)° <l AdE =}
S8 HOgke 1 93k £3] 10-20% Rt} =t
SRk o]l gk & QAp} QoA dAwd A8e] B+t
Aol 71908k=A], oW #4238 EAIIAE &
A gtk #29] ICP-MS WH3} double-spiking
U o] &8k o] A7 A5jAel] thsl] 2-3%KE
22 QoA 1 U-Thks S48 4 don
(Reiners and Nicolescu, 2006), 4A]50] sy =
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o2 el g ©dAF (U-ThyHe &

ikl ‘?i%‘z?“t”ol 7P<b— A= Al
oL, oV AIES]
dozx B AHA e dRS o AN
UA =9 FYAF (U-ThyHe 9%E752 7|12
A7 ol sfjaxro] axgFe] AlFel tigk ‘He-U-Th
o] EAo] BT JhF3lXl FHZoof o]Fo] Hrth
(Min et al., 2003, 2004; Min 2005; Min and
Reiners, 2007; Min et al., 2010). &322l A
A g2 ohERL 240 tisl o Fo] A=l (Min et
al,, 2003), °]= °] 2A4°] (1) & QI3H L vF =
alar glom, (2) TAUAALES W] ool AA st
(~4.55Ga) °|F thHE9] *He’l HEH o], *He-U-Th
o] ®Ao] HlwA go|g7] wZolrt. BEgk ofFhERL
o] YAk e SHEAEANS FEl AAE
A& o] (U-ThyHe A% e] vlwrt 7Fs3isdth.
7 el 2 134 YARFE S| o] FojA]
24 W QIBA 9] el AR EEAT oF
7VEFoN =HE BE (U-ThyHe 9% 243}
A7181 455 Gaoll HEZF o2 BEsh=t|, ol 4
9 ‘@7“’1 HH2x oa7hA] - MESER o]
S AlAFgE
% A4 WHEL o3 34224991 Los Angeles A1

Elo]ES] tia]l ALFATt Min et al, 2004). ©]
A2 ol7lEALY HlE| ARSA o] ofEslEd, 1
o]f= (1) Los Angeles’} ¢F 3Ma ol SAWA
2hg-o ol o] de] FAHAY tiFEe] ‘He 7t A
SHE fAERoH, 2) 24 W9 °J*F°3° =
15«1 5-717} zhol, TP}t o] ‘He o] o}
%‘171 wjitoltt. o] A5 F3l
12} (U-ThyHe €1#-& 71 93} Wollx] 9541
B sdsit= Ziol wexon, o= 49
Zhg-0] 2Ex7lo] Fol TA ’\LL 14101] A
‘Heo] htol| o3 BF f4 S AAIgt A
A2 olelgt 21s v *17]71 H?‘& 2ds 5
3, 2 HIHALE7E &F 450°C ol dde F3I
o} (Min et al., 2004).
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t} (Min and Reiners, 2007). ©] 42 3 314
o] &) 7FsAdeE <lal] A ¢ ‘Q‘ﬂ'?l«] g2 3

58 e uh ok =9 o AR dFo) oF 45
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T7F X8 E vl ATH(Nyquist et al., 2001). SFA|5F
olgfgt ol Bk, %ﬁbﬂ/‘éx—}%ﬂ 25
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ARE™ 19 Hegt =41) B 7159 Ar AR5
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Fig. 1. Contours of fractional loss of He in phosphate (solid curves) and Ar in maskelynite (dotted curves), for
thermal events of different temperature and time. He diffusion parameters are for Durango apatite (Farley, 2000)

and Ar for bulk ALH84001 samples (Weiss et al.,

2002). The slopes for He fractional loss contours are steeper

than those for Ar, because of the relatively low activation energy of Ar diffusion in maskelynite. This means that
the maskelynite Ar system is sensitive to the sample's long-term, low-temperature history, whereas the phosphate
He system is sensitive to short-duration, high-temperature events. Only short-duration, high-temperature events can
cause phosphate (U-Th)/He ages to be younger than maskelynite “’Ar/**Ar ages. The curves corresponding to the
observed fractional losses for He (0.84) and Ar (0.05~0.08) intersect at T ~350-400°C and t ~1 hour, as marked

with an ellipse. After Min and Reiners (2007).
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