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Introduction

U-Th dating has been broadly used to offer precise and 
accurate dating of Earth surface processes and climate changes 
of the last 600,000 years. Since its invention in the 1990s, the 
MC-ICP-MS technique has opened up new horizons for U-Th 
geochronology, with its higher ionization efficiency of Th and 
U atoms pushing measurement precisions to the s-unit level. 

In this study, a typical ionization plus ion transmission 
efficiency of 1.2 — 1.5% was achieved for U and Th on the Nu 
Plasma II instrument equipped with an Enhanced Sensitivity 
(ES) interface. Demonstrations of stratigraphic order, interlab 
reproducibility, and reproducibility between independently 
dated stalagmites from the same cave — basic tests of data 
quality — are provided for challenging young (<1.5 ka) 
stalagmites, and preliminary results demonstrating the use of 
an all-Faraday routine to increase precision in older (400 — 
600 ka) samples are presented. 

Figure 1: Nu Plasma II in operation @ MIT.

U and Th isotopes were measured on a Nu Plasma II instrument 
at MIT (Figure 1). Solution was introduced in 0.3 M HNO3, 
using an Aridus-II Desolvating Nebuliser System, an ESI SC-DX 
auto sampler and a 100 µl/min Savillex PFA nebulizer. Typical 
sensitivity was 1000 — 1100 V/ppm for U, and 1200 V/ppm for 
Th. 

The very big dynamic range of the U-Th system (5 orders of 
magnitude for 238U—234U and 5 — 8 orders of magnitude for 
238U—230Th) makes U-Th isotope measurements challenging. 
Depending on the sample age, two different routines were 
adopted. Routine A (Table. 1) used the combination of Faraday 
cups connected to 1011, 1012 ohm resistors and a full size discrete 
dynode ion counting multiplier, to measure samples between 
<100 a and 300 ka. 

The main U analysis cycle contained 1 block of 40 integrations 
of a 5 second on-peak measurement, followed by tail 
measurements (Figure 2) at 237, 236.5, 235.5, 234.5 and 233.5 
by ICO peak-jumps in 5 dynamic cycles. 

An unspiked 12.5 ppb CRM 112a U standard was used to monitor 
Multiplier/Faraday gain drift. Tail measurements were performed 
for every U standard and sample. Each analysis was proceeded 
by a 60 second ‘on peak’ zero measurement in 0.3 M HNO3, and 
followed by a 2 min wash in 0.3 M HNO3 + 0.04 M HE

Table 1: U and Th collector configurations displaying the main measurement 
cycles in Routine A. Grey represents Faraday collectors connected to 1011 
ohm resistors, green 1012, purple ion counting multiplier, and yellow the unused 
collectors. 

The Th analysis contained 1 block of 60 integrations of a 3 second 
on-peak measurement. Tail measurements were performed 
once a day, with 230.5 and 229.5 measured by ICO peak-jumps 
in 2 dynamic cycles. 238U, 236U 233U were also measured, to track 
any U in the Th fraction. A 250 ppt 232Th-230Th-229Th standard 
calibrated with the IRMM 3636 233U-236U was used to monitor 
the Multiplier/Faraday gain drift. Zero measurement was the 

same as U, and the wash time was extended to 3 min.

Figure 2a: Tail measurements at 237 and 233.5 both obtained consistent results 
spanning from Sep. 2014 to Feb. 2016 for U standards and samples. No clear 
relationship was found between the tailing and the 238U beam intensity. The mean 
abundance sensitivity was 1.7 ± 0.5 ppm at 237. 

Figure 2b: Two examples of measured peak tails (500 steps from 237.5 to 232.8) 
with tail models based on power law fit of data from 237 and 236.5. 
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Routine A provided efficient static measurements of U and Th 
isotopes with a quick shift in zoom lenses and minimal tuning 
when switching from U to Th. Using the 1012 ohm resistor to 
measure small 229Th beams had the potential of substantially 
reducing the 229Th spike usage and corrections for 230Th in 
the spike while maintaining the advantages of static analysis. 
Limitations include: 1) For the very young samples, the correction 
for 230Th in spike was significant, and for these samples, either 
very small 229Th signals (3 — 5 mV) or peak-jumps had to be  
used. 2) More 229Th was consumed compared to a  
peak-jump routine. 3) The Multiplier/Faraday gain drift limits 
the measurement precision in 230Th/229Th and 294U/239U to 1— 2 
per mil. This causes problems in samples older than ~200 — 
300 ka as the U-Th system is near equilibrium, causing age 
uncertainties to expand substantially. 

Routine B (Table 2) was used to measure high concentration 
samples of > 300 ka using Faradays only to improve measurement 
precisions. The high sensitivity of NPII-ES and new cone design 
have made these measurements more feasible, needing much 
less samples. All U and Th isotopes were measured on Faraday 
cups connected to 1010, 1011 and 1012 ohm resistors: 

Table 2: U and Th collector configurations displaying the measurement cycles in 
Routine B. Grey represents Faraday collectors connected to 10” ohm resistors, 
green 10”, blue 1010, yellow the unused collectors. 

The U analysis cycle contained 1 block of 40 integrations of a 5 
second on-peak measurement. A 350 ppb CRM 112a U standard 
spiked with IRMM 3636 233U-236U standard was used to monitor 
the peak tailing of 238 on 234. No measurements of half-masses 
were performed to avoid shifting the large 238U beam around 
the collectors. 

The Th analysis cycle contained 1 block of 60 integrations of 
a 3 second on-peak measurement. A 232Th-230Th-229Th standard 
was used to monitor the mass bias. (Note: addition of within-
sample mass bias determination with 236U-233U is expected to 
further improve Th precision.) For both U and Th, the blank was 
the same as in Routine A, and wash was extended to 4—5 min. 

For Routine A, we provide two examples of age models 
developed for young stalagmites. In both examples, ages 
in stratigraphic order provide a basic test of data quality. In 
Example 1 (Figure 3), two sample splits analyzed at the Berkeley 
Geochronology Center offer a demonstration of interlab 
reproducibility. In Example 2 (Figure 4), the comparison of 
stable isotope records between two independently dated 
stalagmites provides a test of reproducibility. 

Example 1: Brazil 

Figure 3: Age-depth model[2] for stalagmite from Tamboril Cave, Brazil. Two 
replicate samples were processed at the Berkeley Geochronology Center (BGC, 
Warren Sharp) for interlab comparison and very consistent results were obtained. 
Error bars are 2 SE.

Example 2: Madagascar

Figure 4a: Age-depth model[3] for stalagmite from Anjohibe Cave, Madagascar. 
Error bars are 2 SE. The larger uncertainties in two samples are due to higher 
232Th, and thus larger correction for the initial 230Th. The region around 600 mm 
may have suffered slight U loss, as transitions between aragonite and calcite 
occur there. 

Figure 4b: Time series of oxygen and carbon stable isotope ratios for stalagmites 
AB2 (orange) and AB3 (blue) from Anjohibe Cave, Madagascar[3] demonstrating 
good reproducibility of centennial-scale features in two independently-dated 
stalagmites. 
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In Figure 4B, the dramatic ~8 per mil rise in δ13C over ~1 century 
appears to reflect rapid, human-induced landscape change 
from forest to grassland in northwestern Madagascar. The 
timing coincides with the arrival of Asian crops and cattle to 
the island. 

For Routine B, we provide an age model example (Figure 5) 
comparing the results of 4 preliminary all-Faraday analyses 
against results obtained using Routine A (Faraday/Multiplier). 

Figure 5: Comparison of measurements by Faraday-Multiplier vs. all Faraday for 
speleothem samples from caves underlying permafrost in the North American 
Arctic to date periods of past permafrost melting[1]. Error bars are 2 SE. For 3 
out of the 4 samples, measurement uncertainties were smaller by a factor of 2 or 
more using the all Faraday routine, allowing better resolution of timing relative to 
glacial-interglacial changes (shown by benthic δ18O record below). 

Future works: 

1) For Routine A: consider replacing the multiplier with a Daly 
detector for better gain stability 

2) For Routine B: add 233U-236U to the Th fraction of samples, 
allowing within-sample mass bias correction to further improve 
Th measurement precision 

3) Perform additional tests of long-term reproducibility and 
accuracy with U-Th standard solutions (HU-1, secular equilibrium 
standards) and interlab comparisons
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