R 2R/ E s hR V0 E A

e E e
AMS %C dating and its

applications

SR N SuIN é 3 %%Z A%
th|1960@ntu edu.tw

B3R KE, 2013/9/27




N E
o Bix+ VU & o R B
o INE A% E h =
* The NTUAMS Lab
e STD, BKG & Calibration
e Applications
e Summary



Cosmic ray

SOLAR DMIRGY

COGMC RAYS 14N7 + N % 14C6 + p

CREATE NEUTRONS « 'y
1 . )

-
WEAPONSTESTHO

il &?;‘m ‘ Ln‘:sru:
nau P»avoanﬂnlu& % EUPHOTIC Z0NE " o

12C 98.89% Q - :\5 \
13C 1.11% O e m‘::;......... \

14C 0.0000000001%
14C. > N, + B + energy

Half life = 5730x40 yrs

Current AMS dating range: 10 ~ 55,000 years
With 0.3% (30 years) precision

Sample size can be as small as 30 (£ gC

Production rate can be 500 samples/month

Willard Frank Libby
(1908~80)
Established 14C
dating method in
1949
Since 1950

Gas Proportional
Counting (GPC)
Liquid Scintillation
Counting (LSC)

Since 1977

Accelerator Mass
Spectrometry (AMS)




Fraction modern carbon (F)
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1. Initial 1#C/12C
ratio problems:
natural variation
and human
impact—fossil fuel
and nuclear bomb.

2. Sample
contamination:
modern C and old
carbon.

3. Age
representative:
component and
depositional time.
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14C/12C measurement

12¢+ 2035 KV, 34%
12€C2+ 3035 KV, 50%
12C3+ 4035 KV, 15%
12¢4+ 5035 KV, 1%

Bouncing .
12 14C/12C ~ 1012, half-life: 5730 yrs
13¢- Transmission(*2C%* ): 50%
140 Detection limit: 101
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Clean up ion source




A

Q1 o= -0 {0

WHAW q

/

ai IR IE

~ qvB :]‘/[V2
< lﬂlVZ:I’V V= 2—W
2 M
~ P=Myv =~2WM
P
Br=—
q

g9 )\ 4

Fith: HBHAFERERN T AEEMEE

OB . (R emeEaE,

FH [5] 5t BB 1 18 [/) — F

72 SR IE I8 [F] — O BB . )



MS% 75@@*
= %EU*_L% H’J%i

K
K.
Ky

Wiqp

ENEIE

>

— RS T

A E

AN [F E =R F

B

TR A,
P B — B

h?ﬁk%ﬁ [liE;3!

ARL T B AR I VR

i

M/q

Wiq 4

\

w/iqp

Lo ©

FAL ) A A HAH

1 e

M

® _%I] o

9 9

=AY w

e TRy
MY R HT R AR
BAOPRAL

>
M/q



H

A

08 2 3 TR T Y

$EEAEET | P TAR

14C— 13CH—
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14C++ 7|_i2+
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Pelletron Charging System

(Positive configuration shown)
177" 50 kV PS
Inductor
+

Charging Chain--metal
pellets, nylon links

Spressor

50 kV PS
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Current
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Final acceptance test for 14C
The targets from HVE were made by Oxford Lab

41256 Taipei B7874
[REFERENCE SAMPLES | OXll (BACKGROUND SAMPLE |
measured ratio C14/C12 EaCh ta rget was measu red th ree measured ratio C14/C12
stated value 1.575E-12 . . stated value 3E-15
required precision (%o) 5 ti mes, an d ea Ch time th e counts required value JE-15
total counts per sample 40000 counts/time 1 hour
are greater than 40,000.
cycle number sample name/position mean of  relative sd of se of
#13 #14 #15 #16 cycle cycle (%)  cycle (%o) sample name/position 12
1 141149E-12 1.39705E-12 1.40594E-12 1.39745E-12| 1.40298E-12 499 4.88 measured value | 2.46582E-15
2 1.42176E-12 1.41543E-12 1.42141E-12 1.41693E-12| 1.41888E-12 224 4.94
3 1.41925E-12 1.41776E-12 1.42070E-12 1.41299E-12| 1.41768E-12 2.36 489

correction ‘

factor

mean of sample 1.41750E-12 1.41008E-12 1.41602E-12 1.40912E-12| 1.41318E-12 « 1115 corrected value | 2.74818E-15] = background PASSED
relative sd of sample (%) 378 8.05 6.17 7.31 relative = -48665 years in case of ¢
am af mmemamla (00 ) A o0 A Q2 A 07 A Q2 ad 108N an (OF )
2:WC Ul DGIIIPIC \m; “4.09 “4.99 &4.01/1 “4.9J 20 lk-’(.W‘] 20 [fﬂoj

all measurements 6.18 4.90

over samples 2.97| 2.83]| = precision PASSED
over cycles 6.26 245

Check the followin

Measured ratios should not deviate too much from the stated value (in case no foils are used). Note: correction factor must be > 1
Relative standard deviation (sd) values should be around their corresponding mean statistical error (se) values
The trend in the values of the column ‘mean of cycle’ is 5.2 %o/cycle. Is current correction necessary?

No sample deviates more than 3 standard deviations from the mean of the other 3 samples
|excepl|onal event box || "




[REFERENCE SAMPLES |

current corrected ratio
stated value

required precision (%o)
total counts per sample

cycle number

mean of sample

relative sd of sample (%o)
se of sample (%e)

Check the following:

[BACKGROUND SAMPLE |

Corrected ratios should not deviate too much from the stated value (in case no foils are used). Note: correction factor must be > 1.
Relative standard deviation (sd) values should be around their corresponding mean statistical error (se) values.
The trend in the values of the column ‘mean of cycle' is -2.03 %a/cycle.

No sample deviates more than 3 standard deviations from the mean of the other 3 samples.

current corrected ratio
stated value
required value
countsftime
sample name/position mean of  relative sd of  se of
) cycle cycle (%)  cycle (%) sample name/position Po e Bg
1.55734E-12 1.43482E-12 1.43972E-12 1.47748E-12| 1.47734E-12 38.34 2846 current corrected value | 9.04127E-16
1.57245E-12 1.50273E-12 1.49718E-12 1.43805E-12( 1.50260E-12 36.60 28.64
1.562845E-12 1.50318E-12 1.41500E-12 1.53844E-12( 1.49627E-12 37.54 28.93
1.63872E-12 1.50754E-12 1.53212E-12 1.47315E-12| 1.51288E-12 19.63 2846
1.561990E-12 1.54196E-12 1.43662E-12 1.44595E-12( 1.48611E-12 35.44 2846
1.48915E-12 1.50236E-12 1.46401E-12 1.52588E-12| 1.49535E-12 17.27 28.81
1.40984E-12 1.49925E-12 1.46331E-12 1.43600E-12( 1.45210E-12 26.36 29.08
1.39496E-12 1.46460E-12 1.50946E-12 1.41537E-12| 1.44610E-12 35.52 28.95
1.46799E-12 1.53555E-12 1.49371E-12 1.47767E-12| 1.49373E-12 19.97 28.39 correction ‘
1.45383E-12 1.54515E-12 1.46167E-12 1.44369E-12| 1.47608E-12 31.59 2908  factor
1.49326E-12 1.50371E-12 1.47128E-12 1.46717E-12| 1.48386E-12 « 18.802 corrected vaIuel 1.69997E-14| = background PASSED
40.69 2272 24.72 2115 relative
28.53 28.79 28.63 28.95 sd (%o) se (%o)
all measurements | 30.35 28.72
over samples 11.80 9.08 = precision PASSED
over cycles 14.42 14.36

[ exceptional event box




[REFERENCE SAMPLES ||

[BACKGROUND SAMPLE |

measured ratio measured ratio
stated value stated value
required precision (%) required value
total counts per sample counts/time
cycle number sample name/position mean of relative sdof  seof
cycle cycle (%)  cycle (%) sample name/position |
8.72934E-11 26.70 26.08 measured value |
8.53593E-11 16.85 26.02
8.58137E-11 1253 25.68
8.74304E-11 27.55 2520
8.57116E-11 2049 2521
8.68256E-11 1.41 2492
8.55653E-11 28.84 25.09
8.63867E-11 17.60 24.88
8.50157E-11 12.50 24.84 correction
8.54893E-11 12.94 2471 factor
mean of sample 8.61006E-11 8.61012E-11 8.62340E-11 8.59206E-11| 8.60891E-11 i 1.086 corrected value | 3.91909E-14| = background PASSED
relative sd of sample (%o) 2159 18.50 2412 1741 relative
se of sample (%o) 25.68 2634 24 56 2548 sd (%) se (%)
all measurements 19.62 25.26
over samples 1.49] 7.99| = precision PASSED
over cycles 9.81 12.63

Check the following:

Measured ratios should not deviate too much from the stated value (in case no foils are used). Note: correction factor must be > 1.
Relative standard deviation (sd) values should be around their corresponding mean statistical error (se) values.
The trend in the values of the column 'mean of cycle' is -1.43 %o/cycle. Is current correction necessary?

No sample deviates more than 3 standard deviations from the mean of the other 3 samples.




40,000 counts or 30 blocks for each cycle.
1 blqck =30 sleconds. One target runs 9 cyclles

1.6 10712
l4c++ All data average
] Slit position: R14.85, GIC 4.95  —1.393e-12 .

1.5 10712+ R
O
= 12
5 1:4 10
O
= .
O 1.3107"2-
3 |

| —e— #13. 1.366¢-12

1.2 10712 :
| —— #14, 1.400e-12 True value: 1.575e-12 !

| ——#15, 1.408e-12 Measured value: 1.404e-12

—O—#16, 1.396e-12 Correction factor: 1.122

1.1 10-124
0 20 40 60 80 100 120

Standard targets from HVE Counting live time (min.)
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20130528 NTUAMS-112new
Resl 929669 ; - -
Run: 929,505 500 I,
Status: OFF
Singles: 0 : I 230
Cainc: 101,202 154
SylRate: 0.00
CgiRale 0.00 550 7 B 103
ADC1A Lo 69
Live: 929.308 . . 46
%Dead: 0.04 o
Total: 101,202 500 A
Rate: 0.00 = 21
RO 101,202 L] o
MNet: 101,202
“ADCTB—— 4850 9
Live: 929.206 ] b
%Dead: 0.05 4
Total: 101,202
Rate: 0.00 400 3
ROI: 101,202 2
Net: 101,202 g 1
5 .] o
200 220 240 260 280 300 320 340 360 360 400 420 440
TotalSur3,110 Cursor.
Counts:
Gross: 12115 Net11,313 Mean2
ROI# 0400 Centroidoo=33131  <y>=486.04

Acquislhun OFF




% FSI Batch
T ihes N e - an

| Batch Result

Used path: C:\ams-70\fsi-batch\20130528 C++ sample run\20130528 C++ sample run.fbres

CO ~1 O O W N -

e S Y G Sy G G 7 - )
~ OO W, W N - O

No Id

OXlI3

i

NTUAMS-112new  ANU

NTUAMS-116
NTUAMS-151
NTUAMS-152
NTUAMS-153
NTUAMS-154
NTUAMS-155
NTUAMS-156
NTUAMS-157
NTUAMS-158
NTUAMS-168
NTUAMS-86

NTUAMS-135
NTUAMS-136
NTUAMS-139

Carbon 3 mm pilot ...

NTUB

TEfEdffEEE

Cldcnt

10031
10289
24
15043
15199
15175
15201
15115
15035
15164
U5
412
10081
10064
10186

Cl3cur

1.64383e-008
5.78928e-008
1.40170e-008
6.2129%-008
4.89696e-008
5.7983%-008
5.38820e-008
6.19783¢-008
4.74742e-008
6.40545¢-008
3.48515e-008
6.31972-008
2.19384e-009
5.64277e-008
1.70917e-008
3.57964e-008
221513010

C12cur

1.28968¢-006
4.7282%5-006
1.07646e-006
5.29872¢-006
4.09774e-006
4.89783e-006
4.41988-006
5.25097¢-006
4.00704e-006
5.49201e-006
3.08560e-006
5.46930e-006
1.83559-007
4.82136e-006
1.44884e-006
3.1078%-006
1.52012e-008

— P e
C14/C13 C14/C12

56899%-011  7.25247e-013
7.0049e011  857690e-013
1917246013 249653015
54794%-011 642454013
631892011  755135¢013
571305011  6.7634%-013
6.26602e-011  7.63879%-013
5.72984e-011  6.76306e-013
569182011  6.7434%-013
5.1641%-011  6.02311e-013
1092916012 123443014
3.33430e-013  3.85275%-015
114699011 137085013
4454216011 5213072013
384680e011 453800013
599450e011  6.90441e-013
0.00000e+000  0.00000e+000

C13/C12

1.27460e-002
1.22440e-002
1.30215¢-002
1.17254e-002
1.19504e-002
1.18387e-002
1.21508e-002
1.18032e-002
1.18477e-002
1.16632e-002
1.12549-002
1.15549-002
1.19517e-002
1.17037e-002
1.17968e-002
1.1517%-002
1.45721e-002
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Graphitization line (6 units)
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CuO (35 mg)

TOC (5710 mg) —> CO, + others

850° L
CO, purification

CaCO, (¥10mg)+ H3PO, (1ml) >CO, + others| 4 mg C is needed

425°C. co+7no Fe:Cis3:1

Graphite is pressed to
target for measurement

CO, +Zn
CO + Fe 5500C> C+ FeO
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Li,"* interference problem

Lithium comes from quartz tube during graphite reaction.
Li,** has the same charge and close mass as *C**.

14C** measurement
Slit positions: Rl out=4.85
- GIC out=4.95, in=5.1

14C** measurement
All slits are open
Transmission rate is 15%.

7% MPANT - [E final x dE (15)]

(2| ©

) File Window Region Options Actio
FELE @‘4e|ﬂ| Alﬂlﬁl [=l{olel 2] [ lewlEtzE
= slefeol [w[mlx] [F1F2[Fs[r4) [Fs[Fs|F2Fe| [Fe[FmlFiiFe

NTUAMS-112

[ 3 Fle Window Region Options Action ?
FEFEEREE] Alnlﬁﬂ o (Y R | 8 e T

o= elalo] »[mlx| [F1lr2[Fa]r4] [Fs|Fe[Fz|Fa] [FolFulFrlFi NTUAMS 112

{2 MPANT - [¢ final x dE (13] =
X

| L ]
351277 SER ++ -
3551463 ’ ¢ T I
OFF e 2
0| o Othe
oin 50,932 .
000 §
oi 000 40 gases :
Live: 3551075 -
%Dead 00 400
Total 50,932
Rete 000
RO 50,932 30
Net 50932
ADC1B i
Live: 3550946
%Dead o0
Total 50,932
Rt a0 %0
RO 50,932 i ++
Net 50,932 -
0 [T
200 250 300 30 40 450 500
TotalSur50,874 Duvso: 468 384
Counts: 0
e et ke (33S pressure: 6 mbar
ROI# 0400 oideoo=42159  «p=41100

i For background and

C

ol 3750699 -

2
Re: T v v = 8
Run 3750941 - .. 55 [ )
o o , No Li interference | ||

l Coinc: 1,565 T - 5
SglRat 000 CROELL A ”
CoPat 000 80 . T t all. §
ADC1A oo 4
Live 3750669 - )
%Dead: 0.00 J
Total 1563 600 3
Rate: 0.00 3
ROI 1563 )
Net 1563
ADC1B 550 2
Live 3750633 : 2
%Dead: 0.00 .2
Total 1565
Rate 000 500 14 +++ 1
ROl 1555 1
Net 15585 1

4"

440 460 480
TotalSur 513

500 520 540 560 560 600 620 640 660
439 746

wan o Gas pressure: 7.4 mbar

m;mth)- 53022  ¢y»=55422

)d-samples, the problem comes serious.

Cursm

Gross: 1433
ROl 0400

|




12 14 14 1 g 100 | Ty 12
Meas. date C current C C error C/’. C C/. C Ct RI 9th GIC'out Liinterf.
(4) Counts (%) Ratio | Ratio Slit slit

March 6,2013 | 3.79E07 | 5548 1.34 |[1.49E-12|1.06E02| C* 4.85 4.95 ok

March 6, 2013 | 2.18E07 1433 264 |[1.00E-12|8.7/E0Q3| C* open open no

April 1,2013 | 1.26E06 | 9942 1.00 [1.21E-12|9.08EL03| C*™ open open no

April 1,2013 | 3.32E06 | 10208 099 [1.23E-12|9.06E03| C*™ open open no

May 26, 2013 | 6.21E-06 | 20289 0.70 |[1.29E-12|1.18E02| cC* 4 7 yes

May 26, 2013 | 8.29E-06 | 20199 0.70 |1.03E-12|1.16E02| c* 3 7 no

May 28, 2013 | 4.73E06 | 10289 099 |8.58E-13|1.22E02| cC* 3 7 no
_ga-,g-_l« =

14C++ meas Bli&

Slit positions: =« [ Finally, we find the best settingsto | 1=
sree ow || remove Li,* interference. m

RI OUt=3'O ;\E:::]% 974.ésa s ‘ - 2 g - 22

RI'in=open i

GIC out=7.0 . T | .

GICin=7.0 g | |

Gas pressure:/.5 e e NTUAMS-=112




I O
B i Y e 14 CH+4+
Meas, | '2C current b [Ycweme| Mci%%C o B
Lab code , ,
date (A) Counts (%) Ratio Ratio
NTUAMS-13 | 201,13 | 7.88E07 4163 1.55 8.062E-13 0.285E-03
A N U NTUAMS-14 | 201,13 | 1.85E{6 10360 0.98 8.552E-13 0.260E-03
NTUAMS62 | 423,13 | 4.85E06 10098 1.00 8.471E-13 | 9.061E03
NTUAMS-107 | 3,06,13 | 1.41E07 553 4,25 5.081E-13 8.465E-03
8.361E-13 | 9.202E03
2.627E-14 1.230E-04
Meas, | "C current B | Mcemor| Mot Be e
Lab code _ _
date (A) Counts (%) Ratio Ratio
NTUAMS-68 42413 | 2.76E08 283 5.94 0.406E-13 | 1.057E(02
OX_ 1 NTUAMS-111 306,13 | 2.25E07 1494 2.59 1.015E-12 | 8.822E03
NTUAMS-112 401,13 1.26E06 Q042 1.00 1.209E-12 | 9.083E{03
NTUAMS-112 306,13 2. 18E07 1433 2.64 1.003E-12 | 8.775E03
NTUAMS-112 401,13 | 3.32E06 10298 0.99 1.234E-12 | 9.061E03
1.221E-12  9.072E03
1.763E-14 1.551E(05
Sample | Meas, |“Ccurrent| McC |YCemor| Mc/%C o o s
Lab code , _
O X_ 2 ID date (A) Counts (%) Ratio Ratio
NTUAMS65 | OX-2 | 423,13 | 6.40EL07 6852 1.21 0.815E-13 | 8.892E03
NTUAMSH6 | OX-2 | 424,13 | 3.08EL06 10157 0.99 1.079E-12 | 8.986E03




We have processed the principal modern radiocarbon
standards including Oxalic Acid | (HOx1), Oxalic Acid Il
(HOx2) and ANU (Australian National University) sucrose.

C+++ mode C++ mode, Slit RT out=4.85, GIC out=4.95
YoMcratio | Stdev  [PcCratio| Stdev | MoMCratio| Stdev  |PcMCratio] Stdev
OXI 8.361E-13 |2.627E-14| 9.202E-03 | 1.230E04 | 1.080E-12 | 1.495E-14 | 1.062E-02 |1.152E-04
OX1I 1.079E-12 |7.110E-14 | 8966E-03 |3.043E05 | 1.460E-12 | 7.073E-13 | 1.O72E02 |2.250E04
ANU 1.221E-12 | 1.763E-14| 9.072E-03 | L.5S51E05| 1.562E-12 | 5.946E-14 | 1.075E02 |1.718E-04
OXII/OXI | 1.2905E+00 1.351E+00
ANU/OXI | 1.4607E+00 1.446E+00

The activity ratio of HOx2/HOx1 for our measurements is
1.2905, similar to the reported ratio of 1.2933x0.001.
However, the activity ratio of ANU/HOx1 for our

measurements is 1.4606 which is slightly lower than the
reported ratio of 1.5081.
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Tl s clme) |, date “Courrent | " | MCerror 14Cx’_mC 13Cf’.uC
(A) Counts (%) Ratio Ratio
NTUAMS-120 | 0.81 424,13 | 4.66E07 45 1491 | 8.848E-15 | 8.296E3
NTUAMS-141 | 111 423,13 | 3.89E06 110 054 | 2.592E-15 | 9.084E-03
NTUAMS-142 | 165 423,13 | 446E07 15 25.82 | 3.081E-15 | 8.975E03
NTUAMS-144 | 2.42 423,13 | 5.49E08 3 57.74 | 5.008E-15 | 8.837E03
NTUAMS-145 | 1.75 508,13 | S5.78E06 164 7.81 2.601E-15 | 8.965E03
NTUAMS-146 | 1.00 508,13 | 497E06 179 747 | 3.300E-15 | 8.954E{03
NTUAMS-148 | 0.55 508,13 | 1.35E06 52 1387 | 3.521E-15 | 9.046E03
NTUAMS-149 | 1.30 508,13 | 8.21E06 417 490 | 4.650E-15 | 8.974E{03
NTUAMS-150 | 0.76 508,13 | 6.71E06 173 760 | 2.363E-15 | 9.006E-03
490 ottt e Average | 3.996E-15 | 8.904E03
e, | e v, s Stdev | 2035E-15 | 2.379B-04
I I | § RE =25% Average | 3.158E-15 | 9.001E-03
N M L S Stdev 7.797E-16 | 4.819E-05
§ 0_ o } { 3 & { s $ Average | 3.101E-15 | 8.997E03
5 1 | Stdev 0.346E-16 | 5.260E05
77"] Riatage - (036150 0515 _Re = a0 +C/1?C=0.0089

Sequence number




Ca Mg, Na, K, Sr, Mn and Li
are 395735, 1189, 1121, 75.6,
23.6, 20.3 and 4.2 (mg/Kg),
respectively. Ba, Cu, Zn, Ni, Pb,
Co and Cr are below detection
limit.

Intensity

Calcite background for AMS 14C
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14C/12C ratio

L Meas, |[“Ccurrent| “C |[“Cemor| Mc/'%C ol £ o
ab code C (mg) ) )
date (A) Counts| (%) Ratio Ratio
NTUAMS29 | 352 [201,13 569507 | 6 | 4083 | 1.609E-15 | 1.030E02
. NTUAMS-30b | 186 | 20513 [ 1.13E06 | 16 | 2500 | 1.7376-15 | 1L.079E02
The 14C/ 12C ratios of NTUAMS-30c | 281 | 423.13 | 698606 | 394 | 504 | 5.171E-15 | 9.168E03
NTUAMS-30c | 281 [ 20513 [ 442807 | 3 | 5774 | 8.2888-16 | 9785603
NTUB and CWOC are NTUAMS31a | 230 [ 201,13 [ 19006 | 54 [ 1361 | 4.3018-15 | 9720803
NTUAMS3Ic | 154 [206,13 [ 227807 | 21 | 2182 | 1.412E-14 | 9.106603
very close to the AMS wruavssic| 154 {2005 | 117806 | 240 | 646 | 3144514 | 032505
NTUAaMS-31d | 104 [20213 [ 246607 | 10 | 3162 | 6.1976-15 | 9.830E03
background of NTUAMS3le | 200 | 206,13 | 74007 | 40 | 1581 | 8257E-15 | 1.011E02
NTUAMS3le | 200 [ 202,13 [ 949607 | 64 | 1250 | 1.0098-14 | 9464503
2.748E-15. NTUAMS3If | 123 | 202,13 | L87E07 | 30 | 1826 | 2.444E-14 | 9350803
NTUAMS34 | 18 [ 20613 [ 285606 | 64 | 1250 [ 3431615 | 117702
NTUAMS34 | 186 | 20213 [ 241606 | 44 | 1508 [ 2791E-15 | 9275603
B e T Y vales 1105 [ 201,13 [4.19E06 | 109 | 958 | 3971E-I5 | 9253803
: NTUB Avefage = 4.432(+2.962)E-15 [ 141 | 20113 | 6.22B06 | 152 | 811 | 3.729E-15 | 9.2556-03
6 1044 Relative error = 67% 089 [ 201,13 [ 379806 | 186 | 7.33 [ 7.485E-15 | 9.371E03
' } F 074 | 201,13 | 270807 | 19 | 2204 | 1.040E-14 | 9615803
— X X X r 119 | 201,13 | 7.89E07 | S8 | 1313 | 1.122B-14 | 9.520E-03
] L 107 [ 20113 [ 656806 | 121 | 909 | 28158-15 | 9.324803
A 8 | ,, 171 [20513 [ 630807 | 12 | 2887 | 2.3276-15 | 0.945603
210 e STTTIT 511777 =171 | 20513 [ 615807 | 16 | 2500 | 3.176B-15 | 1.054B02
1114 Iy { - 190 [ 424,13 [ 287606 | 94 | 10.31 | 3.006B-15 | 9.218E-03
0- %* ** **éi ® }Q [ 231 [42513 526606 | 107 | 967 | 1.864E-15 | 9.189E03
| A Average | 4.432E-15 | 9.781E03
2 0 R e e . Stdev | 2.962E-15 | 6.8256-04
] Excluded “X” and “?” values * i Average | 3.216E-15 | 9.795E03
g Average = 3.216(1.638)E-15 RE=51% Stdev | 1.638E-15 | 7.608E-04
0 "5 1:) 1l5 2'0 25

Sequence number

13C/*2C =0.0098




Materials can be applied for *C dating
ePlant remains: Charcoal, wood, twigs, seeds, pollen,

peat

eAnimal remains: Bone, Hair, Blood residues,

Coprolites, Antler and horn; Fish remains, Insect
remains

eCarbonates (TIC) : Corals, foraminifera, tufa and
speleothems; Marine, estuarine and riverine shell; Avian
eggshell

eSediments (TOC) : Soil, Lake muds (gyttja) and
sediments

e Water: Ice cores, groundwater

e Man-made stuffs: Textiles and fabrics; Leather, Paper and
parchment; Wall paintings and rock art works; Pottery; Resins and
glues

eOthers: Metal casting ores; Iron and meteorites




Apr fions

ARCHAEOLOGY—Too many examples

OCEANOGRAPHY—Sealevel change, ocean circulation,
coral dating, etc.

PALAEOCLIMATOLOGY—Dating on geological archives
(plant and animal remains in marine and terristrial
sediments, organic and inorganic forms of geological
materials)

ENVIRONMENTAL STUDIES—e.g., Dating and tracing
of groundwaters

METEOROLOGY
B2 ORBb | B2 (Ee)



Taal Lake project

Taal Volcano (14°00.1'N, 120° 59.1'E) is Taal Volcano system probably formed between
one of the 16 most active volcanoes in 140,000 and 5,380 yrs BP. Taal Volcano Island
the world. 33 historic events were recorded. which has 47 craters and 4 maars, lies in the N

central Lake Taal.

Major Volcanoes of the
Philippines
Luzo , 0 100 200 kiometers
F s ._‘_I_‘_|

(1] 100 200 miles

Pinatuboi‘;h \rs
1D MANILA

Taal - Ca 5

Topinia, LSGSLVO, 1955, From CiA Basemap, 1997
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AMS 14C dating results on organic carbons in Core TLS2

Sample ID UCIAMS Sample name 5“°C  +  Fraction - o4Cc &+ MYCage +  Depth  Year* Cal Year**
(%o) Modern (%0) (BP) (cm) (AD) (AD)

TLS2-01 49021 UCIT17657 -24.2 0.15 1.0726 0.0014 65.1 1.4 560 15 2.38 2005 2004
TLS2-07 49022 UCIT17658 -27.3 0.15 0.9586 0.0016 -48.1 1.6 340 15 16.66 1997 1997
TLS2-14 49023 UCIT17659 -16.2 0.15 1.0730 0.0015 65.5 1.5 -560 15 33.32 1989 1989
TLS2-19 48695 UCIT17627 -27.3 0.15 1.1184 0.0014 110.6 1.4 -895 15 45.22 1983 1983
TLS2-25 49352  UCIT17660 1.1507 0.0019 142.7 1.9 -1125 15 57.72 1977 1977
TLS2-26 48696 UCIT17628 -26.6 0.15 1.2267 0.0016 218.2 1.6 -1635 15 59.65 1976 1976
TLS2-29 49353 UCIT17661 -27.7 0.15 1.1519 0.0019 1438 1.9 -1130 15 65.44 1973 1973
TLS2-34 49354 UCIT17662 -26.2 0.15 1.2906 0.0021 281.6 2.1 -2045 15 75.09 1969 1969
TLS2-36 49355 UCIT17663 -26.0 0.15 1.4118 0.0025 4019 2.5 -2765 15 79.00 1966 1967
TLS2-43, NT 44272 UCIT17154 -29.7 0.15 1.0993 0.0024 91.6 24 =755 20 93.00 1960 1960
TLS2-43, ABA 47137 UCIT17406R -30.1 0.15 1.1023 0.0016 94.6 1.6 -780 15 93.00 1960 1960
TLS2-44A 48697 UCIT17629 -27.9 0.15 1.0593 0.0014 51.9 1.4 -460 15 95.00 1959 1959
TLS2-49,NT 44273 UCIT17155 -27.1 0.15 0.9784 0.0021 -28.5 2.1 175 20 105.30 1954
TLS2-49, ABA 47138 UCIT17407 -27.8 0.15 0.9800 0.0012 -26.8 1.2 160 10 105.30 1954
TLS2-51, ABA 47139 UCIT17408 -294 0.15 0.9752 0.0014 -31.6 1.4 200 15 109.50 1952
TLS2-53, NT 44274 UCIT17156 -28.1 0.15 0.9749 0.0021 -31.9 2.1 205 20 113.70 1950
TLS2-53, ABA 47140 UCIT17409 -293 0.15 0.9782 0.0012 -28.7 1.2 175 10 113.70 1950
TLS2-54 49018 UCIT17630 -27.6 0.15 0.9665 0.0013 -40.3 1.3 275 15 115.80 1949
TLS2-55 49019 UCIT17631 -28.5 0.15 0.9701 0.0015 -36.7 1.5 245 15 117.90 1947
TLS1-A, ABA 47141 UCIT17410R -31.3 0.15 0.9739 0.0013 -32.9 1.3 215 15 1.2

TLS1-AG, ABA 47142 UCIT17411R -26.5 0.15 1.0170 0.0013 9.9 1.3 -130 15 38.5

TLS1-BM, ABA 47143 UCIT17412R -25.5 0.15 0.8643 0.0012 -141.8 1.2 1170 15 72.0
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Allen West said: The sample at 2.80 m of the core has the
highest concentration of spherules he has yet seen!
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KARST THE METEORIC
CALCRETE ENVIRONMENT
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3456 7 8 9 101 2 3

Al

A 238y, 232 [23°Th /232Th] Age Age
ﬁ‘ ppb ppt ppmd uncorrected corrected ¢
DGS-1-01 1-3 1453.7 £2166.2 80658 +£120196 13 +28 4,716 10184 3,302 + 9054
DGS-1-02  50-52 3719.8 £10.3 81499 1180 14 =1 1,938 £ 77 1,380 =565
DGS-1-03  111~-113  3926.1 +11.1 266038 +5013 18 =1 8,182 +254 6,457 +1757
12(:
Sample | Depth | Weight c e Y error | Mot 14
ID (mm) (mg) (mg) cu(r;:e)nt Counts (%) Ratio Cage

DGS2 25 15.45 040 |154E08[ 26 19.61 | 5.139E-13 [ 3535 = 697
DGS3 42.5 15.06 179 [2.04E07) 719 3.73 | 5.361E-13 | 3178+ 119
DGS4 66 15.93 1.89 [L72E07] 603 407 [ 5354E-13 | 3218 £ 131
DGS5 82 14.56 1.69 [L.95EL7| 692 3.80 [ 5406E-13 | 3142 £ 119
DGS6 98.5 16.74 030 |345E03[ 89 1060 | 3.941E-13 | 5699 £ 604
DGS? 122 14.65 1.76  [2.14E07) 666 388 | 4.749E-13 | 4188 £ 162
DGS3 140 14.69 1.71 |2.07E07] 709 376 | 5.224E-13 | 3418 £ 128




Summary

The HVE 1.0MV AMS at NTU is capable for 1C,
10Be and %°Al measurements. The detection
limits for 1*C/12C, 19Be/?Be and 2°Al/2’Al are 101>,
10-1* and 1014, respectively.

Our graphitization line can treat six samples each
time, and is able to deal with both carbonates
and organic matters.

The Li,** interference problem has been solved,

by adjusting slits and gas pressure or by using
14c+++.

The international standards (OXI, OXll and ANU)
have been measured, resulting correct values.



Summary (Cont.)

e A carbonate background (NTUB) which is from
the upper Devonian limestone in Guilin of
China, and a fossil wood background (CWOC)
that is from the middle Pleistocene deposits in
central Taiwan have been tested. The results
show that both backgrounds have the 4C/**C

ratios of ~3.2X101> which is close to the AMS
background.

e The AMS at NTUAMS Lab is ready to serve 4C
dating.



