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Abstract: The Bishop Tuff is well-known and well-studied as a widespread tephra that erupted just above the
Matuyama-Brunhes geomagnetic boundary. To date many radiometric dating approaches and elemental
analyses have been performed on the Bishop Tuff, therefore it should be useful to use the Bishop Tuff as a
secondary standard for LA-ICP-MS analyses. Here zircon U-Pb dating and 35 elemental analyses on zircons
and volcanic glass shards from the Bishop Tuff were performed using LA-ICP-MS system at CRIEPI. The
obtained U-Pb age of 770+18 ka is in agreement with a TIMS U-Pb age of 767.1+0.9 ka (Crowley et al.,
2007). The Ti content of 2.7+0.2 ppm and the REE pattern are similar with those of Reid et al. (2011). As for
volcanic glass shards, concentrations of all elements except Sr and Ba are in agreement with results from
previous literatures. Overall, the Bishop Tuff zircons and volcanic glass shards are found to be useful to

check data reliability.
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Bishop Tuff measured on 12/22/2017
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Fig. 1. LA-ICP-MS zircon U-Pb age of the Bishop Tuff collected from the F8 fall unit at Chalfant Valley pumice
quarry (Hildreth and Fierstein, 2017). Transmitted light photograph of two zircons with two 30 pum laser beam
holes (one for dating, the other for elemental analyses) are also shown. Scales in the photographs are 50 pm.

Table 1. LA-ICP-MS zircon U-Pb analytical results for the Bishop Tuff.

Sample name Th U Z2rpAy A S 206%" Total Radiogenic Age [ka]* MSWD!
fpom] [opm] Wpp Py 20 Wty 20 Wppty | 20 Wepphy | 20 Wppty | 20

Bishop Tuff (collected from the F8 fall unit at Chalfant Valley pumice quarry (location: 37.45958055, -118.36655); reference age: 767.1+0.9 ka; Crowley et al., 2007) measured on 12/22/2017

BST2-1 1048 1643 0.64 0.23 -0.2 0.04485 0.02307 0.00078 0.00042 0.00013 0.00001 0.00013 0.00001 809 58

BST2-2 895 1951 0.46 0.16 0.9 0.05322 0.01404 0.00089 0.00020 0.00012 0.00001 0.00012 0.00001 776 43

BST2:3 866 1556 0.56 0.20 0.1 004501 001727 000075  0.00030 000012  0.00001  0.00012  0.00001 718 50

BST2-4 158 2210 0.52 0.19 -13 003611 00093 000060 000016  0.00012  0.00001  0.00012  0.00001 778 55

BST2-5 1218 2435 0.50 0.18 61 009399  0.01703  0.00157  0.00034  0.00012  0.00001  0.00011  0.00001 735 60

BST2-6 1323 2558 0.52 0.18 S12 003648 0.00833 000059 000012  0.00012  0.00001  0.00012  0.00001 759 41

BST2-7 1073 2037 0.53 0.19 0.3 0.04857 0.00652 0.00084 0.00013 0.00013 0.00001 0.00013 0.00001 809 38

BST2-8 1284 2400 0.54 0.19 0.2 0.04730 0.00872 0.00077 0.00016 0.00012 0.00001 0.00012 0.00001 762 41

BST2-9 1421 2632 0.54 0.19 -1.1 0.03716 0.00591 0.00059 0.00009 0.00011 0.00001 0.00011 0.00001 738 43

BST2-10 995 2014 0.49 0.18 0.1 004511 001171 000073  0.00018 000012  0.00001  0.00012  0.00001 756 40

Number of grains=10 1128 2144 0.53 Weighted mean 770 18 12

= (ThU)ircon/(TWU) magma- (ThU)magma 0f 2.8 was used.

f 06”0 denotes the percentage of 29D} that is common Pb. Correction for common Pb was made using measured 296pb238U and *"Pb/**°Pb ratios. Data calculated less than 0% were treated as 0%.

© Error of weighted mean is shown as 95% confidence level.
¢ MSWD: mean square weighted deviation.
30 um laser beam with ~7 J/ent® fluence was used.
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Bishop Tuff (Zr) corrected by 613 & Si
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Fig. 2. Chondrite-normalized REE diagram for the Bishop Tuff zircons. Error bars are 1 standard error (number
of analyses = 10). Chondrite values are from Sun and McDonough (1989).
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Bishop Tuff corrected by ATHO-G & Si
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Fig. 3. Chondrite-normalized REE diagram for the Bishop Tuff glass shards. Error bars are 1 standard error
(number of analyses = 5). Chondrite values are from Sun and McDonough (1989). Reflected light photograph
of a glass shard with two 30 pum laser beam holes (upper for GB19-BST6, lower for GB19-BSTZ2) is also

shown. Scale in the photographs is 50 pum.
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Table 2. LA-ICP-MS operating conditions for multi element analyses.

Laser ablation system
Make, model & type
Ablation cell & volume
Laser wavelength

Pulse width

Energy density/fluence
Repetition rate

Ablation duration

Spot size
Sampling mode

Carrier gas and flow

ICP-MS Instrument
Make, model & type
Sample introduction
RF power

Make-up gas flow
Detection system
Analysis mode

ThO™/Th" (oxide ratio)
Masses measured

Integration time per peak
Total integration time per reading

Detector deadtime

New Wave Research UP-213

NWR standard 1-volume cell, volume ~3em’

213 nm

4ns

~7 J/em®

10 Hz

30's; 10-20 s from the start of ablation were used for zircon signal data; 5-10 s from the
start of ablation were used for volcanic glass signal data
30 um

Single hole drilling, laser beam focused at the surface
100% He, 0.6 /min

Thermo Fisher Scientific ELEMENT XR, SF-ICP-MS

Ablation aerosol only

1375 W

0.8 Vmin Ar

Single detector triple mode

TRA (time resolved analysis) mode

~0.5% for zircon & ~1.5% for volcanic glass

ZSNa, stg, Z7AL Z9Si R SIP’ 39K, 43Ca’ 4‘)Ti’ SSMI’I, 57Fe, SSRb, SSSI_, BOY’ QDZI‘, 93Nb, ”7Ba,
lS?La‘ ‘40Ce, MlPr, MsNd, 147Sm lSlEu, ISXGd, 159Tb, 163Dy, léSHO, lﬁﬁEr, léQTm 174Yb,

]75Lu, ‘78Hf, ISITa, ZKZTh, 238U, 248Cm
10 ms

~1.5s
12 ns

Table 3. LA-ICP-MS elemental analyses for the Bishop Tuff zircons.

P i Y Nb La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Th u ThU ThO/Th
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Bishop Tuff collected from the FS fall unit at Chalfant Valley pumice quarry (location: 37.45958053, -118.36655)
BSTIZER fas s s U TS S e o mr o me s wee 7 s Iels a3 ees 88 ST 25 07 ows
BSTI3ER 1172 22 34184 233 04 295 0.1 21 7.1 0.1 584 25 3303 126.1 6272 146.0 1470.6 206.8 11060.6 75 986.4 1750.3 0.6 0.005
BSTI4ER 1149.2 29 50224 324 0.0 451 02 4.1 153 02 95.2 352 500.9 188.5 8573 199.1 1992.9 276.1 11061.7 93 1526.5 2315.2 0.7 0.005
BSTISER M4 aa awss o4 02 M5 02 38 1S 02 o7 67 499 19 824 W70 w6 M4 2w B8 293 M0S 07 000s
BST2-1E 631.7 22 5621.7 30.0 03 527 03 78 24 02 1282 40.1 619.4 189.6 9269 206.6 1851.5 279.8 13350.4 105 1586.0 2171.9 0.7 0.006
BsT22E s 36 a0 67 02 M7 o1 23 M7 o1 w1 74 den W90 4 I3 25 BM00  ue Bm1 2m7 06 0w
BST2-3E 9593 24 4478.3 382 0.1 563 0.1 27 10.9 02 80.6 251 4445 140.3 703.6 165.1 1515.2 2342 10975.3 10.6 14347 1991.4 0.7 0.005
BST2-E4 1306.8 2.1 5429.0 350 04 48.8 02 26 12.8 02 89.8 342 4445 181.1 906.7 203.0 2006.0 2955 13338.1 116 1656.5 2409.6 0.7 0.005
BTES SRS 26 ame WS 39 ms 12 KL 97 01 W1 w5 492 086 SK6 B0l W01 286 2670 12 w74 287 06 0ot
BST2-E6 1057.0 25 4307.6 36.0 0.2 438 02 21 10.4 0.1 78.1 298 403.1 163.0 873.7 179.4 1779.7 269.9 13789.6 1.3 1502.9 2279.9 0.7 0.004
Average 1073.0 27 4673.8 359 0.8 550 0.3 39 123 0.1 85.7 30 450.6 164.1 807.7 184.3 1796.0 262.9 122301 11.2 1534.0 2317.5 0.66 0.0049
Standard error 72.9 0.2 200.1 3.1 0.4 8.2 0.1 0.7 1.3 0.0 59 1.7 244 6.9 31.2 6.4 62.0 8.9 416.5 1.0 106.5 139.7 0.02 0.0001
“ Corrected using 91500, others are corrected using SRM 613 glass.
Table 4. LA-ICP-MS trace element analyses for the Bishop Tuff glass shards.
Rb Sr Y Zr Nb Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Th U Th/'U ThO/Th
pom_ pom  ppm  pom  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  pom  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm
Bishop Tuff collected from the FS fall unit at Chalfant Valley pumice quarry (location: 37.45958055, -118.36655)
GB19-BST2 197.8 32 21.4 766 278 36 16.6 36.6 4.6 17.3 30 015 4.3 0.9 33 0.8 21 0.3 37 0.2 1.6 4.0 183 8.7 20 0.000
GB16-BST8 167.1 32 19.6 64.4 22.0 52 143 35.0 39 127 33 0.00 1.6 0.8 5.0 0.9 23 0.2 35 0.0 2.8 29 239 9.8 24 0.016
GB16-BST9 179.4 83 263 86.5 25.0 12.6 17.5 36.1 42 16.4 4.6 0.16 53 1.0 3.8 1.2 24 0.5 43 0.5 6.4 3.8 30.2 9.5 32 0.017
GB19-BSTS 260.3 4.0 27.0 86.0 252 53 18.4 429 5.0 18.2 12 0.00 2.7 0.7 4.7 1.0 23 0.4 1.6 0.6 35 31 243 9.9 25 0.024
GB19-BST6 162.5 43 23.0 83.8 26.2 52 17.2 41.6 47 16.9 55 0.04 31 0.6 55 12 2.8 0.7 2.6 0.3 44 29 255 11.1 23 0015
Average 193.4 4.6 235 79.5 253 6.4 16.8 384 4.5 16.3 4.7 007 34 0.8 4.5 1.0 24 0.4 3.2 0.3 3.7 33 244 9.8 2.5 0014
Standard error 17.8 0.9 1.4 4.2 1.0 1.6 0.7 1.6 0.2 0.9 0.8 0.04 0.6 0.1 04 0.1 0.1 0.1 0.5 0.1 0.8 0.2 1.9 0.4 0.2 0.004
Hildreth and Wilson (2007)"
B-104: F6-F7 198.0 18.0 20.0 89.0 220 380
B-218: F6 176.0 17.0 28.0 92.0 220 21.0
B-244: F6 168.0 16.0 25.0 88.0 20.0 25.0
Average 180.7 17.0 243 89.7 213 280
Standard error 9.0 0.6 2.3 1.2 0.7 5.1
Gardner et al. (1991) at Chalfant Valley*
BT-20 178.0 14.0 26.0 75.0 220 310 17.3 41.0 44 0.03 0.6 2.7 0.4 39 25 20.6 79 26
BT-15 181.0 14.0 27.0 75.0 21.0 37.0 20.2 48.0 4.7 0.04 0.7 28 0.4 42 25 217 79 27
BT-13 170.0 16.0 29.0 85.0 22,0 43.0 231 51.0 4.6 0.05 0.6 29 0.4 43 2.6 219 8.4 2.6
Average 176.3 14.7 273 783 2.7 37.0 202 46.7 4.6 0.04 0.6 2.8 0.4 4.1 25 214 8.1 2.7
Standard error 3.3 0.7 0.9 3.3 0.3 35 1.7 3.0 0.1 0.01 0.0 0.1 0.0 0.1 0.0 0.4 0.2 0.0
Maruyama et al. (2016) 1845 2.1 20.1 65.5 21.6 23 15.1 358 38 14.1 35 0.12 29 0.5 35 0.7 2.0 0.3 23 0.4 3.1 1.9 18.8 79

“Pumices were analysed instead of volcanic glass shards using either XRF or INAA.



Table 5. LA-ICP-MS major element analyses for the Bishop Tuff glass shards.

Sio, TiO, ALO; FeO MnO MgO CaO Na,O K,0 P,05 Total
wt% wt% wt% wt% wt% wt% wt% wt% wt% wt%
Bishop Tuff collected from the F8 fall unit at Chalfant Valley pumice quarry (location: 37.45958055, -118.36655)
GB19-BST2 78.4 0.08 13.0 0.7 0.05 0.03 0.5 2.5 4.7 0.01 100.0
GB16-BST8 79.7 0.06 11.8 0.6 0.04 0.06 0.2 3.6 3.9 0.02 100.0
GB16-BST9 76.0 0.06 14.7 0.6 0.04 0.11 0.6 3.7 4.2 0.04 100.0
GB19-BST5 76.5 0.07 12.8 0.8 0.04 0.04 0.4 3.7 5.5 0.01 100.0
GB19-BST6 71.9 0.05 14.3 0.5 0.03 0.05 0.4 3.1 3.7 0.01 100.0
Average 77.7 0.06 13.3 0.7 0.04 0.06 0.4 3.3 4.4 0.02 100.0
Standard error 0.7 0.01 0.5 0.1 0.00 0.01 0.1 0.2 0.3 0.01 0.00
Hildreth and Wilson (2007)“
B-104: F6-F7 76.8 0.09 12.7 0.8 0.04 0.11 0.6 3.6 4.8 0.08 99.6
B-218:F6 76.9 0.09 12.7 0.7 0.04 0.01 0.5 3.7 4.8 0.01 99.6
B-244: F6 77.1 0.08 12.6 0.7 0.04 0.01 0.5 3.8 4.7 0.05 99.6
Average 77.0 0.09 12.7 0.8 0.04 0.04 0.5 3.7 4.8 0.05 99.6
Standard error 0.1 0.00 0.0 0.0 0.00 0.03 0.0 0.0 0.0 0.02 0.00
Gardner et al. (1991) at Chalfant Valley®
BT-20 71.4 0.14 12.5 0.7 0.04 0.07 0.6 32 5.4 0.02  100.0
BT-15 71.4 0.14 12.6 0.7 0.04 0.05 0.6 3.1 5.2 0.04  100.0
BT-13 71.6 0.14 13.1 0.8 0.04 0.03 0.6 3.0 5.0 0.03 100.2
Average 77.5 0.14 12.7 0.7 0.04 0.05 0.6 3.1 52 0.03  100.1
Standard error 0.0 0.00 0.2 0.0 0.00 0.01 0.0 0.0 0.1 0.01 0.05
Maruyama et al. (2016) 78.0 0.05 12.0 0.6 0.03 0.03 0.4 4.0 4.8 0.02 99.9

* Pumices were analysed instead of volcanic glass shards using either XRF or INAA.



