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Abstract: With the development of accelerator mass spectrometry, a variety of long-lived cosmogenic nuclides,
especially the in-situ cosmogenic nuclides '*Be and *Al, are increasingly applied to earth sciences. Based on
published procedures, a modified procedure for '*Be and * Al exposure dating has been developed, which includes
Be and * Al extraction, anion exchange column separation, purification and target preparation. In this procedure,
NCS °Be was chosen instead of Merck and Fluka as the carrier for the '*Be sample, with a small amount of ion
exchange resin instead of a large one. In particular, the elution curve for an anion exchange column procedure by
Purdue University was modified as 0. 05 mol/L H,C,0, - 0.75 mol/L HCI to elute Al. The results of Accelerator
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Mass Spectrometry (AMS) show that the average for '*Be/° Be and **Al/” Al of thirteen chemical blanks were
7.48 x10°" and 1. 96 x 10™, respectively, as low as those of other AMS laboratories. The ICP-AES results
indicated the recoveries of Be and Al were 90% and 60% , respectively. One sample from Jinfosi Site, North of

Qilian Shan Mountain, was tested based on this new procedure. The dating results of (10.7 +1.0) ka for '’Be and

(10.0 £1.2) ka for **Al, were consistent with published geological resulis.

Key words: in-situ cosmogenic nuclide; 'Be; * Al; exposure dating; accelerator mass spectrometry
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BE, HZHT BN T 2R pt -, K, B
Be I AME Ny 2 EEACHI M E T B, R A AW
REHPARMmER" KBEYRBERAE NS
NGBS IR TS AT R
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WERBURE S R 9 Be 1 Al ¥ % BeO 1 AL O, #8
Bt AMS JiI &, XFF Be #1 Al B, ARILRE
R R BARMRZ ™, Vogt £ FIAARRIT
FAHERUUGER pH AR, @AY pH ERX 4 %
B& Ti;Child '™ 1A g g Fh oy ok K 4%, 2 A A1 0.5
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ULTIMA -2 R Bl & S 3 7R 51X
(ICP - AES, #: 5 HORIBA JOBIN YVON A &]),

LX) -1IB B0 ( LB LEEREMNEE &K
¥ 5000 1/s) ,

BT 25S 43 #r X ¥ ( # E Sartorius 2 7], B &
21 g, A[{E4£0.01 mg)

AR 2140 B F X (OHAUS 24 H], B2 210 g,
A EETE 0. 0001 g)

1.2 RS EEH

ICP - AES il & fir fil Be ,Al,Ca Mg .Fe 1 Ti 5
HEPE VR b B b i X AP O B R BT T B
(NCS) 4=,

Merck /3 &) . Fluka /A 5] \NCS =K A 8F %1 4
"BebRAETA M, *Be ¥ 4 1000 mg/L; NCS B (9
T AVBRAETE W, T AR Y 1000 mg/L,

“Be fUbRAE 2 3 H E K b dE 5 B AR BFFTBE (NIST)
Wi SRM —4325(°Be/°Be L fH 2 2. 68 x 107 "'17)) |
* AV R 3 BN AR B W K218 ST R A 25 () B
LR EHIH (CAVT AIE R 1.065 x107")

Ac il X P K5 i Milli - Q B 2liK R4 il
( £ H Millipore /2], HEH % 18.2 MQ - cm ,25C) ,

HNO, . HF , HCIO, . H, 0, HCI. NH, - H, O,
NaOH . H,C,0, B0 f %44,
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PH B 1 22 40478 RS 71 BH B8 F 32 # I8F B & Meerck 28
BIF= 8N, 433124 Dowex 50W x8(H * ) .Dowex] W x 8
(Cl7), BF3c#H4EH Bio—rad 1.0 cm x20 cm
0.8 cm x4 cm AT,

1.3 LEPm

TRLEFELE Be Al B4 B 4i{Lf1 BeO
5 ALO, 8 HEHl &, RIAMBINT,

(1) BREER, MBRE BN EERES 30
~40 g, M0 A 0.5 mL #°Bebr S W, Xt F b2 2
B,—BHEMAL 3 mL {7 AR AE 8 A HF f1
HNO,JB#ErE A RER RS BT s mASKZE
F HCQ0, , EZ AR , REWEH,

(2) ICP - AES Jll E7Al 4 &, HCl BRR Y
¥, Al BRI 100 pg MBHE, WETAISE,

(3) kB Fe M Ti, A2 mol/L NaOH & B EE
M pHHIAZ 14,58, B0, B LHEREBE
RIUB BB IR Ak HNO, B iR 2 I
Z pH=2,MA 2 mo/L NaOH % pH =14, B.L: 5%
LEBBERUE LA ENRSE - KN LELBRE
H;RAW HNO, R i lEY, EW M pH =2, A
NH, - H,04%% pH {Hi&% 8 ~9,B.0>, KRR LM, Wk
SRUESEA

(4) BBTXXE%MAES B . 4ifk Be 1 Al, ¥ PFH
BTRE AR TR S L TREEN, AR
Be Al 4y B ati{b 3 B ; Bic i 0. 4 mol/L H,C,0, 7% i#
Y, ABRERERZHMAS BALEE, It
Bt ,Be Al 2158 M T BH . BR& FH 5 RIG v &
BB 45 1 mo/L HCl ¥t Be, 0. 05 mol/L
H,C,0,#10.75 mol/L HCl {&& VM #As Al

(5) #l& Be Al E4{k#. A NH, - H,0 ¥
Be YERRBIAY pH (B % 8 ~9, 4, Be (OH),IiiE;: A
HEA H,0, B Al WUEBRPHWERKRE, B
50% (R %, T ) # NH, - H,0 ¥ 3 pH {HiA
E7~8,4 /8 AI(OH),FLYE; 43 54 Be(OH), BB =
My &R, AL(OH) , B ZEATHIR, T, FS 34
#1 900°C #9482 h, & § A BeO 1 AL, O,

(6) EH, ¥ BeO 1 ALO, 53 H| 5HMIES,
] AMS U B EERE,

(7) AMS il &, 7 AMS L #/ & “Be/’Be,
BAVT AILLAE , 23 BARE °Be AR,

2 #R5H
2.1 °BefRIAHIZR LA EHE
2.1.1 °Be#if{kfiEsE
%42 °Be/’Be LU (A B IR B0 Be £ 14K, B #| T L B

VR BB "Be S B L B0 AMS I &, 4 FIER
Merck 24 &) Fluka 2 &) #1 NCS BF 1 #° Be bR 4E 75 &
0.5 mL,fn/B 4K # %, A NH; - H,0 ¥ H pH &
WZE 8 ~9,3K18 Be(OH), JIE ; B H BB E ERMW
BeO 4IRS, M AMS WiX#EE, nFE 1 iR,
NCS B il 49° Be #7 ¥ 75 #% 4 '° Be/° Be L {5 %% Fluka 1
Merck M ELEMKIE— N BHR, HilL, AR KA
NCS B 849° Bebn I IRAE 4 BeO #1 & HIERIK,

£ 1 AF’Bes{h 51" Be/’ Belt{l

Table 1 '"Be/’Be ratios with the *Be standard solution

*BetR MR W

10 9
P, Bl B i Be/? Be B¢ iE i
Be 2009 - 1394(1) NCS 4,49 x10°%%
Be 2009 - 1394(2) NCS 2.77x10°1
Be 2009 - 1351 NCS 6.52x10°1
Be 2009 - 1349 Fluka A 7] 4.19x10°
Be 2009 - 1395(1) Fluka 2} &) 3.14x10°"
Be 2009 -1395(2) Fluka 2} &) 2.75x10°
Be 2009 - 1521 Merck 2 &) 3.41 x10°"
Be 2009 - 1350 Merck 2\ ] 2.45x10° 4

2.1.2 4AKMEEMAE RN E

SEB o B TR B A R 4k 4, SRR R K b Milli
-QEBAK, FAXEXAAFEITETARK, FHIK
AMS il B 25 S £ 85, “Be/ Be lL{E 4 Bl X 4. 71 x
10°°#14.91 x 107"  XHBAKELHELRE
Ko AXBRMBANSFRATRR, B2 EHLE
FHEREREZVHERARARA AR HREELR
R,

AR RS M LA R W, it
THEOE FELE + FHEHR FELE + HH
B HEOE + HERXT LR, &2 iR, X
WERESFHNELCELREHEIR, WS35 ALKIR
2 ("°Be/’Be L H17E 10 B4 ) , T % F 7 28 W10
Al {#'°Be/°Be L {HiLB] 7.49 x 107,

2 HiNFRMAYBe/’ Belbfl

Table 2 '°Be/°Be ratios of new and old vessels

’ BedTAER K 0o 9

LR b Be/ BeREM

Be 2009 - 1519 L 4.92x10°1
Be 2009 - 1543 -1  FM.LH + HiHHR 7.49 101
Be 2009 - 1544 -1  HiES.C% + IHHHR 3.09x10° 4
Be 2009 - 1545 -1  [HE.L% + [HHHR 1.87x10°1
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), FEAKER20 cm (HERE FRBMIEA
15 2) 54 em(HREETHBBIE 2 g) ' BifiH
Ko 430X 20 cm 14 om B RS HkE A R
WHEITIR M - BTl X A g, SIS R A
NCS #F i Al,Be .Ca Mg Fe 1 Ti Hr 75 W B
M (EICE) . AMS I EE55 %K, K 20 cm Al
4 cm T AE 4b PR IS MR & 89 °Be/ Be EL1EH 43 B N
8.48 x107 "M 8.90 x10™ " EAHRIFM—F ., H
Bl R 7E 80% LA b, HILFEMH 4 cm BIZZHAER
(B33 T RIRER 4> B AR, T HE B T R FHRE
WA, BB LRRARK, SEET, A3GEM
4 cm B FREA,
2.2 DLiEiksr 3 Be RYREILHE

LEAX L3 FERALEG) P, H 2 mol/L
NaOH & pH {8y 14 B, 33 | Be®* M FET LF
W, {BICP - AES Wil Be S EMNERER, A
20% ~30% () Be’" R, FHMAE —EEMN
Be’ Rt FULRI AR . F i, £ LRk B
WL B G BB S, BT AR HNO, FRIK 5 %
UL, 3 2 mol/L NaOH if pH (HZE 14, 8.0 5
FEBRESE K EERIRE . E0FIKER - TURE
- B ESS  Be® T R BT A E 90% L L,
2.3 el H ke

S BERESL IR WP Y Be F1 Al RIZERFBH X
G, Hoh BB A BE P B AP Ry &
B, HFEBHEANSBEYER, AR P BB
LIFF W Be Al PR, 3 A ICP - AES fl & H
£ Be (Al ¥R B, LA RE e 5 9 A R AR MR

(1) BRLPE HAK UGE T B B F AR B B 74
B R #akk; 4 B A 1. 0 mol/L HCI, 0. 05 mol/L
H,C,0, +0.5 mol/L HCl iR & Wik . LA 1 Mt
B (ev) ML, IR EREZCHS WAL
&, ICP - AES Jl%E Be Al S H(E 1 f182),

ME 1 FIE 2 fTLAE B Be F1 AL gEEARSF,
Ca Mg .Fe Ti F {18 FHAE L. A 1.0 mol/L
HCI 3£ Be BUBCR B AFEA(E 1), BeR Rl AT
3% 98% ;R Wi i 0. 05 mol/L H,C,0, +0.5 mol/L
HCI Yt i Al MBI RIS, B R R &
(B 2), ZEINAFHE HCl M1 H,C,0,BREHEW
R Al EHBEFRIELOIEERAENE
F HEALEEHRH Al .

(2) BIEBREMHITR, BZFKA 0.05 mol/L
H,C,0, +0.75 mol/L HCI iR & ¥ pE ik Al, o] 1K75
FAESCR(E3), ME, Al REME A FERER

%, H[BBCEAE 80% LA Lo
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Fig.1 Elution curves of Be on cation exchange resin with 1.0
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Fig.2 Elution curves of Al on anion exchange resin with 0. 05
mol/L H,C,0, +0. 50 mol/L HCI
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2.4 QHERINIEE
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18 SR , %5 : 5 SR A RE % o % ALFI Be 3 B8 B LIS 28 B 10 < %31 %
1000 B HEILATAR =R W 9 C FERBRD, BAME T
~ 807 @ Al JFS # & AEHE M 10 ka 45 o
;=‘i 600 1 M P REA RS, B E TR iR iR
N 400 aiity Be F1 Al, il i, BeO #1 AL O, 8E4£, 7 AMS |52
* 200 B B, RS AR A O Be AN AR (£ 3)
0 0 5 10 15 “BefI* AR R AW (¢) B FHIAKITE
B/ cv 1 NxA
1000 t=_TXIn(1_ ; ) (1
. ® Al
= 800 A ~Be
-]
- . C . -
& oo L KA BHEOEEER(a™), H diop, =4.998
= 400 -Mg x1077 Ay =9.87 x 1077 ; N BA% E vk ¥ (atoms -
] | = g™ P RAERPH (atoms - g7 - a”')
o s 10 15
R/ cv 3 IS MM ALK Be IR R. “Be/ Be LLH I
B3 0.05 mol/L H,C,0, +0.75 mol/L HCI JEBiUH -5 28 FAVTAILLE
o= me 22 4_ -2 me : Table 3 Masses of quartz samples and Be carrier, '°Be/°Be
BRI R LU ratio and % AL/7 Al ratio
Fig.3 Elution curves of Al anion exchange resin with 0. 05
mol/L H,C,0, +0.75 mol/L HC Ei’ﬁ‘i PBegUKRE o) oo *ﬁf:‘g/iﬁ AL/ AL ﬁgg/ ivjﬁ
(a)— L2z (b) —BURE B g m™ms °
B 3(b)h Be,Ca .Fe Mg il Ti (UM BEMIZL A SHLIRES 37.2039  0.5246 1.76x10° 2.88 1.12x10-2 5.91

&,.Be BRI RITB 55 BT E B HE,
Al E g # 0| ICP ~ AES Jil# #7 A1 # 518 %
KALO, I+ B KB, KRS Be K EISHE
7E80% LA L, ¥4y AT 3% 90% LA o Al f [ i % 4H
XK, (B H7E 60% LA |,
2.5 AN R

Bl 13 Hib¥2 AP, "Be/ Be b E HF
BEAT.48 x 107", S HMLEETHLE R (5 x
107 ~8 x 10" LB AT ek, “AVZ AL B
1.96 x 107,

3 EHAPENI R
BETHELBEHE, =i LB MR 4RZE L
W — NS AR JFS, ZEERALTHRE
e = o bz b, 4 F A8 & L B vk )1 B
FER F22Y 1000 m, S 457 1 T 46 0K )1 1B 415 58 Hh #o
REKRRG , SRR B RIERE. RIEHE

F 4 JFS FEMMY °Be AV ALMRIE CA K BeFI™ AL I 12H%

'“Be/’Be ,® AL/” Al L {8 43 51| F] NIST 474 SRM
- 4325 X E AR B E KA 4R 2 B R
LR FEFHCARIE, £ °BefM AIRBER TR
h EEHESGE BRETEEFENER, &%
%5 T 49 '"Be f1° A1 = 3R 43 BI| BL 4. 98 atoms/g FlI
30. 6 atoms/g' ™) | 3% i Stone I - MR EFH
OV KBRS M OBe MPAI R, B K B
RERBEIE BN 160 g/cm’ 1 2. 65 g/em’, YT
BEFRNE4,

EXETF "Be M A BEKBHRBERYT
$(10.7 £1.0) ka F(10.0+£1.2) ka(F+4), &
P " C AEARIE HHARE LA RE T I = R HUTE R,
NTF 12 ka, FEF| R FEFELREMHEIR T UM
TE LT # B SEAR, , DURRAE AR 2 TR 0 i 5Kk °F 0T sl v
st B AEAR, BIURRER B TR FWERD, &
XERGRE 1o HBEANTF 12 ka, HRFA BB
B AT{E R o

Table 4 Concentrations of '*Be and **Al, exposure ageof '*Be and * Al

HeHE/ (10° atoms - g~') BB/ ka
i #EE/(°N) 2%/ (°E) ¥ /m H & XE/cm
10Be %Al 0Be B Al
JFS 39. 5608 98.7759 1746.49 5 1.66 £0.05 10.90+0.65 10.7x1.0 10,0+£1.2
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