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Abstract It is extremely difficult to date young volcanic rocks. Accurate * Ar/” Ar dating research and practice of young volcanic
rocks in China put forward several notable and important points during the process of *Ar/* Ar dating for young volcanic rocks.
Because of the low background level, small sample quantity, and high sensitivity of modern noble gas isotope mass spectrometry
device, laser ablation “°Ar/* Ar dating technique has been used in depth application in volcanic rocks dating. With the laser in ** Ar/
* Ar dating of young and modern volcanic rocks, the discrepancy of Nier value and initial argon isotope ratio in Quaternary samples may
cause a remarkable deviation between K-Ar apparent age and “*Ar/” Ar apparent age. The deviation show exponential increase for
samples younger than 0. 2Ma, but it is not so notable for samples older than 2Ma. There out, the boundary of young and modern
volcanic rocks, which is applied to * Ar/*’ Ar system, is assigned at 0. 2Ma: rocks aged 2 ~0. 2Ma is defined as young volcanic rock,
while rocks aged younger than 0. 2Ma is defined as modern volcanic rock. The phenocrysts, which are from different argon isotope
fractionation system, should be rejected from the sample during ** Ar/* Ar dating. According to rock texture and grain size of mineral ,
the matrix should be picked with ideal grain size. In normal cases, about 0. 2mm (or 60 ~80 mesh) is recommended; Cooling time
after irradiation of fast neutron reactor should not be no more than three months, or else it may cause an error on >’ Ar measurement
and consequently on final results. As neutron-flux monitor, standards should be characteristic of high homogeneity during laser ** Ar/
* Ar dating. In calibrating the international and domestic standards we have, we find that SB-778-Bi, Bern4M and BT-1 can be ideal
standard samples with good homogeneity. We also find that the isochron age calculated from the laser * Ar/* Ar data of the phenocryst
and matrix, which were cooled and crystallized at the same time during volcanic eruption, is an objective and precise age. For volcanic
rocks with almost the same crystallization time, the same magma source, and perfect argon-argon closed system, phenocryst-matrix
isochron method can be adopted to gain more precise and reliable results.

Key words Laser “ Ar/¥ Ar; Young and modern volcanic rocks; Neutron-flux monitors ( standards ) ; Irradiated parameters;
Phenocryst-matrix isochron
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MR, BB E R, W RE K £ O AT Ar M 2 b A A S 3 — AR FH 09 2R Bt AR R R B A SN
M AFHE L I, F7-4F SB-778-Bi, Bernd M , BT-1 34 — B ARIF , & 4 A VE L 08 k™ Ar/® Ar 2 4 W5 ) 5 ) 3% 4 38 69 40 28 | Kb 57
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J7 200 %2 19 ( Dalrymple et al. , 1982 ; Hall et al. , 1984 ; Pierre
and Cornette, 1986; XI| 7% M, 1987; Phillips et al. , 1989;
Girard and Onstott, 1991; Dong et al. , 1995; Pearson et al. ,
1997; Renne et al., 1997; Bk C & 4%, 1999; Kelley and
Wartho, 2000; Turrin et al. , 1994, 2007, 2008 ; Sharp et al. ,
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Table 1 Laser * Ar/* Ar dating result of young volcanic rocks
44 40 P 40 S
Bk & 7R v Qb-B E 95 0.62~1.13  0.90 £0.07 1.3+0.4 285 +11 1.3+0.3 286 +11 20
B e B Qb-C E 95 0.80 ~1.31 1.04+0.15 0.62+0.10 303.5+1.7 0.61 £0.08 303.5+1.7 20
it £ Qb-E T 0.48~0.76  0.604 £0.018 0.53 +0.04 305 +5 0.54 +0.03 305 +4 25
LA L Qb-G E 5 1.07 ~1.75 1.35+0.11 1.1+0.6 297 +4 1.0+0.3 208 +4 21
bz | @2l Qb-J LR 0.01~0.23  0.11£0.03 0.20 +0.09 202 +4 0.20 £0.05 202 +4 19
Ji W oG 1L AR 05TC-2-1 HF 0.42~1.00  0.65+0.13  0.500.04 309 +4 0.52 £0.04 309 +4 22
Ji WS 1L AR 05TC-2-2 T 0.39 ~0.71 0.64+0.04 0.700.10 293 +5 0.70 +0.09 293 +4 22
o kA L 05TC-7-2 e 0.01~0.38  0.16+0.11 0.26+0.17 292 +5 0.23 +0.04 293 +5 22
o kA L 05TC-7-3 KR 0.00~0.24  0.11£0.02 0.03 +0.07 3087  0.025+0.006 308 =7 22
JH wp kAR L 05TC-7-5 HF 0.04~0.23  0.11£0.02 0.08 +0.05 203 £5  0.079+0.015 298 5 17
uEapiAln 05TC-10-1  FLJf 0.02 ~0.21 0.10+0.02 0.19 +0.07 280 =11 0.19 +0.03 281 =11 18
JH wp K25 1L 05TC-12 HR 0.04 ~0.51 0.14+0.04 0.02+0.05 298.9+1.3 0.025+0.008 298.9+1.3 17
Jig Rz L 05TC-14 R 0.07~0.34  0.19£0.02 0.15%0.05 301 =8 0.15 £0.03 301 8 22
it Ny T 05TC-15 R 0.57~0.84  0.69+0.03 0.62+0.09 298 +4 0.61 +0.07 299 +4 24
JH pp o RUELSFE - 05TC-18 e 90 3.07 ~4.65 5.0+0.3 5.1+1.0 295 +3 5.1+0.8 295 +3 20
[ wh Bl 7 & 05TC-24 R 3.69 ~4.66  4.150.11 4.4+0.4 204 +3 4.4+£0.3 294 £2 24
NGESIN i DT06-1-1 E 95 0.18~0.76  0.59+0.08  0.3+0.6 208 +19 0.28 £0. 14 298 +5 20
SR L e DT06-2-1 E 51 0.33~0.52  0.41£0.05 0.382+0.018 298+1.6 0.383+0.017 298.0+1.6 20
NN DT06-13 e 0.82~1.50 1.17 £0.11 1.120.3 296 +2 1.120.2 296 +2 19
KIFFEE R DT06-14 R 0.66~1.19  0.89£0.05 0.78=0.16 297 +3 0.77 £0.13 297 +3 21
KRR 15 DT06-15 E 95 0.14~0.49  0.34 £0.05 1.1+0.5 281 +10 0.9+0.2 284 +10 21
pNEILEEAIN DT06-17-1  J&JF 0.32~0.86  0.57+0.04  0.7+0.3 293 +6 0.63 £0.12 294 +6 20
PN 55 o] L A33 e 6.06 ~7.05 6.6+0.1 6.2+0.3 310 +4 6.3+0.3 310 £13 24
T ks T4 E 95 10.0~11.2  10.71+0.19  10.5=1.5 296 +6 10.4+1.3 297 +5 23
LT RRIS 9 E 95 9.05~9.45  9.26+0.09 9.22+0.10 300 +5 9.20 +0.09 302 +4 24
TR NG E 5 7.70~8.30  8.01%0.14 8.02+0.15 295 +6 7.99 +0.11 296 +4 23
S| K5 E 45 0.08~0.64  0.21£0.09 0.24+0.06 288 +10 0.24 £0.03 291 +10 20
S| K10 E 95 0.07 ~0.83 0.5+0.2 0.2+0.2 302+4  0.119+0.019 303 =4 23
NEL YN 78 T 1.28 ~1.83 1.44 +0.15 1.9£0.2 276 +9 1.82+0.16 280 +9 20
PN 52 A o P BCI e 3.35~5.18 4.6+0.2  4.26+0.08 321 9 4.45 +0.07 311 +5 24
FHEBTIL K-DZS0505 [H#4A  13.25~17.54 13.64+0.17 12.8£0.5 420 +50 12.3 0.8 520+120 20
BHEET L K-DZS06  #&fi  12.26~17.61 13.27+0.19 13.5+0.4 294 +7 13.2+0.4 303 +16 30
2 R 1L W-3 JeF 0.181~0.395 0.268 £0.007 0.27 +0.05 295 +3 0.27 £0.07 295 +7 32
AL W-10 FEFT 0.188~0.506 0.306 £0.009 0.32 +0.03 293 +5 0.33 +0.06 293 10 31
I KA L LG-11 B -0.112~1.957 0.20+0.04 0.170.20 295.6+1.5 0.13%0.05 296 +3 35
IS ENIPRLTIE Cb-39 B 0.014~0.523 0.310+0.009 0.31+0.05 295 +3 0.32 +0.07 295 +6 36
KAl R AL Ch-51 e 0.017~0.571  0.20 £0.02 — — 0.12 +0.04 300 +20 36
KpRdes  Ch-S1-Kf - #ifq -0.376 ~0.653 0.10+0.05 — — 0.07 +0.03 310 =80 36
R IREAT T Ch-55 e -0.175~0.461 0.18£0.02  0.17 +0.04 294 +4 — — 36

AR 50 152K A H I 2K A DX KLE A
13T HoRRs " Ar/® Ar EAERFST , BEICHC Hh B0 1E 2543 A il
SRR MERAF 39 1HRE S MO " A/ Ar 5 445 FLiE
FIArHT (2 1) o KB T o] LAVE 2 ) IR Sl IRl 02 R A/
P ArLU{E S Nier (B 22 %0 8 AR S5 B2 IR . IZE (1 39 F
R ity P 25 P 2 B R T AF 1 Y L AR 21 LA 1 0 4 I
La JEIT A AR G BOIR ORI B D7 = [ A/ Ar) -
295.5]/Age, (" Ar/™ Ar) s J2 SE I A5 IE LR BT IR G HL AL, Age
SRR A S A AR R A5 2R AR D D I X . KL

R TR B U 2 01 B AR R K 2N T 2Ma
FORE S, Nier 8 5 91U LR B Z O R S 25 A/ Ar 0L
SR TR IR 2% § 24 R SR AE IS G T 2Ma I, Ar b 000 5 2k
LGRS 0 AR/ Ta) o 2Ma LK 19 BE 2
0 Ar TR SRR, HE LR/ T 0. 2Ma U RE B0
Je g tt. K La B ALhRAE B4/ O ~ 2Ma( F 1h) 207k
0. 2Ma 4t 1 2 75 7 - 22 , 0. 2Ma L3k 1 Jc 111 4 BE f 19° Av/
9 ACAEIALE T A o TR B S B AR B KL U, AR S
RSB R, K-Ar 0 An/ Ar A1 1 T 4R FIRR AR
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AR KN 52 ~ 0. 2Ma B KL R i R AR LA
U o SEBRUER R A B BB e (R 2 A 5 T 50 I 22
A AE AL ), Nier {555 RE b P00 B S ALY i 25 22 5 RS K-
Ar R Ac/® Ar FOEIR IO i 22 8K . 5 BT 0 15 E AR
—H (AR AF,2013)
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3.1 EEAREERY“R” R

X Ar/® Ar AEAREF TR, W IR RE AR I 0 00 1
PR B JUHR AR A AR AR A B . G T AR
FERAERGHE R )L, ST AE R A BN 2 BB ST ( Baksi et al.
1996; Renne et al. , 1994, 1998 ; Scaillet, 2000; Spell and
McDougall, 2003; FqE%, 2005; Jourdan and Renne, 2007
%), Alexander and Davis (1974) 7£ Apollol4d ffi & 7 19" Ar/
PACEETRI B g Y A/ Ar IR R TR T AE
TEMIRIL, 2 JS 15 22235 43 ) WS TR) 89 £ B2 X H i B |
3" Ar/ Av 5 45 W bR AR A B HERF ST . Karner and
Renne (1998 ) & 55X W A5 A 22 (1) 1 B A IE, 2 H S 2% 4>
PRFEZIRIA DG E ) R S8, R EJ 384 i rb O # i
CArT Sy KA Y Arg B LGB S B R RRAERE P OZ (B H
(Renne et al. , 1998) . G MR IS (B2 ARG, J2 73
A X ARFIRE S HEAT I, TT AR 2 A E AR A A e
B 55 W BRRE 22 T8 Y R RONL, LA/ NG v o 47 0 1Y) 28
BIRE o BB AR F SO [) G [] o2 3% 25 ek Ao it I, J5 o 70
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Sketch showing the influence of deviation of the initial argon isotope ratio and Nier’ s value on the real age of the young
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A SCxE 2 5 = HEIE A B bR AE SB-778-Bi, SB-778-KI,
BerndM ,GHC-305,77-600, Azuy-1/65 , NuCA , LP-6, B600 # [
PIbREE BT-1,ZBH-25 AT Ac/™ Ar I, FHAREE B B b5
RERI UERT il Y 1 — ko A T T RE AR 2 AT 5 B
49-2 Jz )i HE H8 ALl HEA PR b 7 IR G, v - Ik e 5 2. 65
x10"n(em’s) =", H oA §h SB-778-Bi, SB-778-Kf, Bernd M,
ZBH-25 HE 5P [R] & 6h, A & GHC-305,77-600, Azuy-1/65,
NuCA, LP-6,B600, BT-1 F&5tAtE] fy 24h 2min,

FREERE S RSO GRE e R an sk 2 & 2 . 3. A
WE A Ar/¥ Ar TS 11 £FFE &, SB-778-Bi, BerndM ,
BT-1 245 BUAT A W 00 A A i 16 5 . FF b SB-778-Kf, GHC-
305 Fi1 77-600 7 fif FH ik [ ARHE, g B — 2 SR Bk A i
Azuy-1/65 ,NuCA , LP-6 £ B600 A3 & /b & FE i 19 0% 4
P Ar/™ A T, 2 55 RF A R SRR A 3 — M S TR
B R . AN, BEBR B RAERAE S AREE FCs Al ACs B
Y —M: B4 (Turrin et al. , 1994; Renne et al. , 1994, 1998 ;
Nomade et al. , 2005; Jourdan and Renne, 2007; Kuiper et
al. , 2008) , ARZHH /R 3 B AR Al IS A 0" A/ Ar
4L (Nomade et al. , 2005 ; Kuiper et al. , 2008) ,

ZBH-25 R AR I W) AL 3R TAE & i 25— K-Ar
TEBRER BT (S SR, 2006) 5% A AL R0 1L HE 6 R IA
KA BPRAETE R N SE5 0 BN Tz, Je F N ARZ K-
Ar ' Ar/ Ar [AM7 ZAFEARF LB 3 IR bR . SR 45 (2006)
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Table 2 Laser * Ar/* Ar dating result of international and domestic standards
s ) FrkE 5 BERGE AR IR 45 R X
RERE T =t P ERQUE: N - P
FRfERE Eay i HEFF{E (Ma) % TR Tt (Ma) NSWD et
Azuy-1/65 o= 264.8 (SLEG = NFBAREE) W% SRR 259.84 ~268.74 27.46 =
NuCA Mtk 319.4 (29 % NFRARAE) 2 LR N 3193 25.36 i
B600 BT 322 (S5 NABBRAE) eS| LT 322.0x1.5 7.87 %
Lp-6 o) 127.9 1.1 (Odin, 1988) eS| 128 +3 38.71 F
- 105.2 0.2 A o
GHC-305 o EqE| A BRAEAC L 104.0 0.7 9.97 2
(Renne et al. , 1998)
N 414.1 +£3.9
. .
77600 S (Harrison, 1980, 1981) BRI 45 =4 5-32 !
29.2 +0.4 (Ding et al. ,2000) ; s
BT-1 EKA 29.6 0.6 (FIFIFEE,2004) ; i ] ﬁf&%ﬁi%;gﬁ? 28.7+0.2 1.23 =
28.7 +0.3 ( FIE%,2005) LT
18.6 £0.2
Bernd4 M [EPrei (Purdy and Jiger, 1976) ; 1l [ 18.6 0.2 2.64 =
18.6 £0.4 (Flisch, 1982)
SB-778-Kf AR A 1.593 (525628 INFRFREE) Pk 1.57 +0.10 6.62 i
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Table 3 Laser *Ar/* Ar dating result of phenocryst and matrix with different granularity of young volcanic rocks from Tengchong

Fedh RGO (Ma)  IESRRAER (Ma)  (PA/ An,  RERERER(Ma) (YA AN, iR

05TC-14 0.19 £0.02 0.15 +0.05 301 =8 0.15+0.03 301 =8 22
05TC-14-01 -4.5~18.9 7+2 311 £5 7.0+1.2 312 £5 10
05TC-14-P1 0.1~3.2 — — 1.3£0.3 400 £30 10
05TC-18-40 5.1+0.3 4.7+0.5 296.7 1.5 4.6+0.5 296.8 1.4 24
05TC-18-60 5.0+0.3 5.1+0.8 295 +3 5.11.0 295 +£3 24
05TC-18-80 4.38+0.19 4.9+0.7 293 £3 4.8+0.6 294 £3 24
05TC-18-100 4.00 +0.19 4.3+0.8 294 £4 4.1+0.6 295 £4 24
05TC-18-01 15.9 ~92.7 39 +9 321 3 43 +4 323 +3 10
05TC-24-60 4.15+0.11 4.4+0.4 294 £3 4.4+0.3 294 £2 24
05TC-24-80 4.23 +£0.08 4.1+0.3 297 £2 4.0x0.2 298 +£2 24
05TC-24-100 3.88 £0.12 3.9+0.2 296 =6 3.8+0.2 297 5 26
05TC-24-01 23.8 ~258.8 147 +8 399 +4 168 +6 411 £4 10

T A Ol I £1, PLAERHS A7 ,05TC-1840 #5 05TC-18 Ff:fhki BEE 40 H AR, IR B n] 1 - 60, — 80, - 100

Yy oA R (Esser et al. , 1997; BIREAE, 19985 2K H]
%5, 20125 Sumino et al. , 2008 %), K2R B B k1L A X Y
3 44T (05TC-14 (05TC-18 05TC-24 ) [ 5 5 AN [A) KL B2 1 JE
JEAM A HEAT T OB Y Ar/Y Ar SEAE (3 K 4185 A
6) o 3 PHAE Sl A RHORE v B0 i 2 LA 8 (78 AR Y LA K, Jt i
KTHE G SEBR AT o, BESR G0 1 1B v SR 7 22 - 6 (E (B
4 K5 B 6) , WM A B S Il R T REFEHAR R &
MR R AR B TEANE A i R o, SR 3R AR R AR B R
B ABEIL R SR A I AR Z5 R . 0STC-14 1 RHC A B
i 14 R LATE 0 W T 5 O 1) R T AR 0%, A6 T I 17 10 >80
SR AR E R T 2Ma, B 58 TR TR AR, . RE
FHEMEIKAT WS SR Ar, AN i R 3 R AE
TEd% fil f B2 4K 7 (Renne et al. , 1997; Z= ) HHZE, 2012,
Nomade et al. , 2005 ; Sumino et al. , 2008 4£) , Sumino et al.
(2008 ) e A X AN [z o L2 K i) — UL A [+) #1074 AT 3
WAL R BRI, E B A A R R RAEREA JOLTE
B R P R AL R A TBURDRE K (1 AR A B8 ot A 5 K 3 e
HR M IR B G [R5 2R AR ZR A1, AUk 120 % T ) 3
[Fi) (52 2% A 2% 5 T 20/ N R U DU 25 o ik B T R L 3R AR AR

4.2 BEFENE

05TC-18 FI 05TC-24 A [ i 8 3 o F) 4 e 45 2R W /s, il
AR L A S A i FRLAE I O E R e T4 R A b
BB F AR I BE A R R A I/ T
/N ATRER T (1) BEE R SoRLAR F /N B i TP TR R B
A B LG/, T 1 R G A g b R A o
T2 MED D553 B T T 5 ol /) , A5 ot 4 1 B 32 00T L S AR 1%
(2) SR SRR S AN (4 100 B ), FEAF fb Bk 1 A 3 5 5t v £
FHBURL A Y Ar 3630, KR Ar HCSE4HOR) Wt A P R O Y e 2
T LR AN 3% 5 )2 B R o] B B ( MeDougall and Harrison,
1999) o X LB, KUl 1Y 8 AR AR v, L 1Y R M B
B ORLEEASRE DML, 5 U] AR WL RO A0 30 o M L S R 2 X 4

SERA TR, X R TE () 4R K LA s 4R 2 v
AR B s e R 2o 20, ol T S ) 7 3R 4 2R 2 Ao
LR THT 6 3 2 5 B4 R AR

# i 05TC-18-60 F1 05TC-18-80 LA K 05TC-24-60
05TC-24-80 F) ¢ IR L MEI ARG, I EL) ffa ik [ o7 3% LU fEL
iE Nier fH (£ 3K 4 81518 6) o O T HURMEKLEE , A 3C
G B K-Ar 7 R BEAT IR UE . 2590 % K-Ar R840 51 I i
TZRE 60 H (SEIEBRET X BOKLEE 0. 25mm) F1 80 H (3£
(b E G X AL 0. 18 mm ) K57, 05TC-18-60 #H1 i  WLAF- Iy
N 5.1 £0.6Ma, 05TC-18-80 4l 4 & WL 4F WX {H Ny 6.3 =
0. 4Ma, O5TC-18-60 A f 718 FH WA 7 i ) ek ] 45 % (LR AR
5.0 ~5. 1Ma Z[H], 44 (R AR AE ;05 TC-18-80 F: ity 4F % {8
PER (4.38 ~6.3Ma) o H 60 H it (¥ P Bl 7 35 0 7 245
FEH — B, —E R FULHPRIEE S 60 H Bk BURE 21l S
WOE™ Ac/® Ar D AE IR E 1o AR HE (R 4R K s
R I AR rp SRR I ORI BE S5 H P 2 RS B, S
G TEBE R R S0 A MV AE SR B BE T, 256 1 2 D RE
st JIT e RV JE , A A AR RS 5

5 TR S BEIR

FE% A/ Ar R JEIRTH, Turner (1971) 542 H: f A 16 8
SHS R, oIS A AR R R 7 A R Y Ay, UL IE T 3
BURE S i 2 B4 h il &, P R IR A& i T 3 i I
W o McDougall and Harrison(1999) Xt Turner(1971) 25 H 19 J
fH (BRrh 3l ) 5FE AR (K/Ca BUAH G B 4735 2 1 18
B AR IR 1 Ar/® Ar S AR BRI K AR I R
i, K/Ca FUELANRE/N T 0. 1, KRR Kl a FE il iy K/Ca b
fH7E 1 L Eo M JOliE 1 K/Ca HfE , BE A 2Ma RISk
LA RE R A/ Ar 5 4F 2 5008 BT TR K 380081 7 22 P Ao
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Irradiation parameters for three times test of the same sample Cb-35

EE RV WS e [ W [i] TR i) Perp Tl (n/em®) SN HE
1 2008-3(12h) 2008-8 7454 H 2.72 x 10" JEaT 5T RERFITBE 49-2 S HE B4 i
2 2008-3(12h) 2008-10 274 A 2.72 x10" et T RERF ST BT 49-2 S 3 B4 i H
3 2009-2(6h) 2009-7 253 4 H 1.40 x 10" et E T RERTSE BT 49-2 3k HS 5 jE
i W%mmﬁml_ B AR A B RS BT K
MEW W Z IR GE R R T IT G KL R i,
10k : ' ' ; éF 6h F1 120 JR G ()R A5 B, AELHR S 5 AR T B R AN P
X i 1Fm» T, IO B I 832 R AR B S e I i o o S
. a— § " REIR, () 4258 K Ll S 70 v E 5 RE IR T B Ji 5 g 49-2
_ ;_m‘ g S0 HE A 7 BRI R S o, TRCE I ] 3 S T R R O L
=" L 3 .
" o D6 Rk
' | I 39 PRAFAR I RE B BOWORKE 1 v/ Ar 2 4TS
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107> -y ‘“'"'I'U” : 1'0 ' :0 : 1'0 : ]U DA 2B A AR T R TR, A I JC 1 3R A5 A5 i 4 a5

B E R ()
K7 2Ma DR KA SR IR 2 802 BRIA] (45 McDougall
and Harrison, 1999 , A5 1&80)
Fig. 7 Sketch showing the optimization of irradiation

parameters for volcanic rocks younger than 2Ma ( modified after

McDougall and Harrison, 1999)
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Fig.8 Sketch showing the comparison of the * Ar testing results with different irradiation parameters and different storage time
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Fig.9 Laser * Ar/* Ar dating results of phenocryst and matrix for young volcanic rocks from Changbaishan
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Fig. 10 Laser * Ar/” Ar dating results of phenocryst and matrix for young volcanic rocks from Changbaishan
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