Session 1: Geochronology and Cosmochronology
A Search for an Extraterrestrial Impact Signature in Jack Hills Zircons
Matthew Wielicki, Elizabeth Bell, Sunshine Abbott, and Mark Harrison
Department of Earth and Space Sciences, UCLA, Los Angeles, CA
The Late Heavy Bombardment (LHB) is an intense flux of planetary debris into the inner solar system
hypothesized to have occurred at ~3.9 Ga. The nature of the LHB is controversial and evidence of its
existence is largely restricted to lunar samples. Although Earth would have experienced a ~20 times
greater flux of impactors than the Moon – leading to significant crustal heating and even melting – the
Hadean (pre-3.8 Ga) terrestrial rock record is virtually non-existent. Arguably the most complete record
of the Hadean is found in detrital zircons from the Jack Hills, Western Australia, which semicontinuously span the period 4.38-3.8 Ga. Investigations of these grains have previously suggested the
existence of a hydrosphere, continental crust, sedimentary cycling and plate boundary interactions on
early Earth. We have undertaken several interrelated studies using Jack Hills zircons to address the
questions: 1) do Hadean zircons preserve evidence of the LHB, and 2) are Hadean zircons themselves
derived from >4 Ga impacts? To answer the first question, we developed a Ti-U-Th-Pb depth profiling
method to obtain continuous age vs. temperature (Txlln) data from <4 Ga rims on >4 Ga zircons as an
environmental monitor of the LHB-era. Results show anomalously high temperatures associated uniquely
with LHB-era rim growth. Furthermore, geochemical characterization of <4 Ga Jack Hills zircons reveals
a distinctive population at 3.82-3.92 Ga that recrystallized during a high temperature event. We conclude
that impacts are the likeliest source of these anomalous thermal excursions. To address the second
question, we examined zircons formed in five terrestrial impact melts (Vredefort, Sudbury, Morokweng,
Manicouagan, Popagai) and then, to help generalize these data, developed a comparative model with
which to predict zircon Txlln due to impacting rocks of Archean crustal compositions. Both the observed
and model Txlln spectra yield significantly higher temperatures than do Hadean zircons indicating that they
are not a significant source of Jack Hills zircons.

U-Th dating of accessory minerals
Jorge Vazquez
U.S. Geological Survey, Menlo Park, CA
Over the past decade, the application of ion microprobe 238U-230Th dating of zircon and other accessory
minerals from Quaternary volcanic and plutonic rocks has provided new insights into the generation,
differentiation, and construction of silicic magma chambers. An important observation from this dating is
that individual crystals, including their internal domains, may be 10’s to 100’s of thousands of years older
than their age of eruption. This result has led to the discrimination of accessory minerals in igneous rocks
as autocrysts, antecrysts, and xenocrysts. Depth profiling of single zircon crystals indicates that neareruption ages may only be recorded in the outer few micrometers of rim growth. More recently, ion
microprobe U-Th dating has been applied to Th-rich, high Th/U minerals whose compositions and
stabilities contrast with zircon, providing complimentary insight into the thermochemical evolution of
magmas. Allanite is a LREE and Th-rich silicate that generally saturates in granitoid magmas at lower
temperatures than zircon. Chevkinite is a LREE and Th-rich titanosilicate that occurs in relatively hot
rhyolites such as those from the Yellowstone hotspot. Both of these minerals may have compositional
zoning that can be keyed to U-Th ages. Ion probe U-Th ages have also been generated for pyrochlore
(high U & Th oxide) from young carbonatite. To maximize spatial resolution and fully evaluate the
duration of crystallization in single crystals, recent U-Th studies mount unpolished crystals of zircon and
allanite in indium so that stratigraphically youngest ages can be determined from crystal rims. Indium
mounts also aid in dating small crystals because they avoid the generation of a 232Th212C16O2+ molecule
that interferes with 230Th16O+ and forms when epoxy is sputtered in tandem with Th from the crystal target.

New SIMS U-Pb Reference Materials
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SIMS U-Th-Pb micro-analysis, which allows geochronology with a spatial resolution of 5-20 microns,
is a comparative technique that requires Reference Material (RM) to, construct calibration schemes [1],
cross-check analytical accuracy [2], assess isotopic mass fractionation [3], and correct for matrix effects.
Our goal is to provide RM that span a wide range of age, chemical composition, and matrix structure for
U-Th-Pb bearing accessory minerals.
We have completed preliminary SIMS U-Th-Pb analysis and identified the following possible RM:
two Eocene zircons, AusZ2 and AusZ5; two Ordovician and three Proterozoic apatites; three Proterozoic
and two Archaean titanite; and four Miocene to Proterozoic allanite. TIMS data confirms that AusZ2 is
concordant and homogeneous and a 206Pb/238U weighted mean age of 38.86 ± 0.04 Ma (MSWD = 1.4).
AusZ5 is homogeneous, slightly discordant, with the same 206Pb/238U age, but a 207Pb/235U age weighted
mean age of 39.15 ± 0.05 Ma. Both zircons will be excellent RM. The Proterozoic titanite will also be
good SIMS RM [4]. TIMS data show the apatite is isotopically heterogeneous. However, the best
behaved apatite has a <1 Ma range in 206Pb/238U age, and a < 3 Ma range in 207Pb/206Pb age, and it can be
used as a RM for SIMS. TIMS data is still being collected on the other possible RM.
[1] Fletcher et al., Chem. Geol. 209 (2004) 295. [2] Nasdala et al., Geostand. Geoanal. Res. 32 (2008) 247. [3]
Stern et al., Geostand. Geoanal. Res. 33 (2010) 145. [4] Kennedy et al., Can. Mineral. 48 (2010) 1423.

Calcium-41 Revisited: Development of Potassium Isotope Mass Spectrometry on
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The short-lived radionuclide 41Ca (~ 0.1 Myr) plays a crucial role in understanding the timescale
between its nucleosynthesis and incorporation into the oldest Solar System solids. The initial 41Ca/40Ca
ratio in the solar nebula was found to be ~1.4×10-8 [1-2]. Interestingly, 41Ca was also found to be
correlated with the presence or absence of 26Al in CM hibonite grains, implying a common stellar origin
for 41Ca and 26Al [3-5]. However, neither the initial 41Ca/40Ca ratio nor the correlation between 41Ca and
26
Al has been independently confirmed. Several attempts made by [6-8] failed to provide a conclusive
answer for the level of 41Ca/40Ca, primarily due to large systematic uncertainties in the mass spectrometry
(corrections for doubly ionized species and for peak tailing). In this study, we developed the mass
spectrometry for K isotopes on the CAMECA 1280HR2 at CRPG to reinvestigate the initial abundance
and distribution of 41Ca in meteoritic refractory inclusions. Several important factors of the instrument
that have crucial impacts on the accuracy of 41Ca/40Ca determination have been characterized, and will be
presented and discussed during the talk. I will also report some preliminary results of the K isotopic
compositions of high Ca/K standards in this talk.
[1] Srinivasan et al. (1994) ApJL, 431, 67. [2] Srinivasasn et al. (1996) GCA, 60, 1823. [3] Sahijpal et al. (1998)
Nature, 391, 559. [4] Sahijpal et al. (1998) ApJL, 509 137. [5] Sahijpal et al. (2000) GCA, 64, 1989. [6] Ireland et al.
(1999) MAPS, 34, A57. [7] Ito et al. (2006) MAPS, 1871. [8] Liu et al. (2008) LPS, 39, #1895 (abstract).

Session 2: Geochemistry
SIMS-Based Geochemistry at WHOI
Nobumichi Shimizu
Woods Hole Oceanographic Institute, 266 Woods Hole Rd., MS# 23, Woods Hole, MA
This presentation is a brief summary of SIMS activities at the Northeast National Ion Microprobe
Facility at Woods Hole Oceanographic Institution over the past two years, and has two parts: (1) facility
operation, and (2) some science highlights. For (1), administrative structure, personnel, and some
operational metrics will be reported. For (2), emphasis will be placed on two research areas that we focus
our efforts on, (a) geochemistry of volatile elements (H2O, CO2, F, S, Cl), including global recycling of
volatiles, diffusion in solid and melts, diffusion-induced isotopic fractionation, submarine explosive
eruptions, geochemical “finger printing”, among others, and (b) geochemistry of marine carbonates,
including examination and development of paleo-proxies, and biomineralization.
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The mantle under mid-ocean ridges consists of a variety of depleted and enriched components.
Refractory abyssal peridotites (AP), which are too depleted to melt, represent a significant part of a much
wider range of depleted mantle peridotites. Isotopic studies [1-3] have demonstrated that these refractory
residues can remain chemically isolated for periods exceeding 1 Gyr. Owing to their refractory nature,
they are prone to chemical overprinting by percolating melts generated from a more fusible source. Nonresidual trace element signatures in AP worldwide suggest that refertilization after partial melting is a
common process. Conventional AP studies have been limited to small-radius SIMS analyses, in which the
LREE, Sr and Zr represent the most incompatible trace elements. In order to expand our knowledge on
the potential sources of low-degree melts interacting with (old) residues, we have started obtaining highquality Be and B abundances by SIMS (Cameca ims-1280 at U-Hawaii). We can reproducibly detect Be
abundances to <50 ppt and B to <300 ppt, using sensitivity factors estimated on USGS glass standards.
Our initial results confirm that Be and B dominantly behave similar to the LREE during melt extraction
and refertilization. However, some AP can have pronounced Be and B anomalies, which must originate
from overprinting melts. Using this approach and expanding it to similarly highly incompatible elements
is necessary to directly assess the length scales and origin of heterogeneities in the oceanic mantle.
[1] Harvey, J. et al. (2006) EPSL 244, 606-621. [2] Liu, C.-Z. et al. (2008) Nature 452, 311-316. [3] Stracke, A. et al.
(2011) EPSL 308, 359-368.

Ti-in-Quartz Thermometry of Symplectites in Retrograde Metamorphic Assemblages
Marty Grove and Emily Peterman
Department of Geological & Environmental Sciences, Stanford University
Important retrograde metamorphic reactions produce symplectites involving muscovite + quartz,
biotite+ quartz, and/or plagioclase + quartz from K-feldspar-bearing assemblages. Quartz may also be
produced in plagioclase + biotite symplectites replacing garnet. Pervasive reconstitution of the rock can
significantly impact its rheology during deep crustal residence and exhumation. Symplectic intergrowths
typically develop on the scale of 5-50 microns with coarsening away from the reaction boundary.
Because the process is diffusion-limited, temperature is very important to assess. The Ti-in-quartz
thermometer can be used to constrain temperature spatially throughout the intergrowth relative to coarse
matrix quartz associated with the high-temperature fabric. Low Ti concentrations require SIMS
measurements that include mass stations at other major elements to detect beam overlap. SHRIMP-RG is
ideal for this application. Estimates of Ti-activity required to calculate accurate temperatures can be
obtained from micas along with Ti-rich phases such as ilmenite and rutile. The physical conditions of
symplectite formation are important to assess the time-dependent rheology of high-grade rocks as they
cool during exhumation. Results are presented from amphibolite facies paragneisses from a continental
margin arc setting (Peninsular Ranges batholith, California) and from deep-seated granulites in a
collisional orogen (Sierra Pampeanas, Argentina). Both examples reveal progressive crystallization to
temperatures well-below peak grade conditions with up to 10-fold variation in Ti concentration. In
addition to Ti, significant compositional variation exists for other elements (notably Li) between matrix
and symplectic quartz. Variation of Li concentration internally within matrix quartz appears to be a
sensitive measure of proximity to reactive grain boundaries and may also be diffusion-limited.

Oxygen Isotope Signatures in Carbonate and Silicate Inclusions in Deep Mantle Diamonds
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Diamonds from Juina, Mato Grasso State, Brazil contain rare examples of the lower mantle. Recent
studies of Juina diamonds by micro-Raman and TEM of FIB-prepared foils reveal carbonate, silicate, and
other deep mantle inclusions. We measured the C- and O- isotope compositions of a unique inclusion
previously examined by TEM [1] comprising the assemblage calcite + wollastonite-II + monticellite +
cuspidine. C- and O- isotope abundances were determined using the LLNL NanoSIMS 50. A 0.3 pA, 80
nm diameter, Cs+ beam rastered over a 4x4 µm2 area produced quantitative secondary ion images.
Secondary ions were simultaneously acquired for 12C-, 13C-, 16O-, 18O-, and 28Si- on electron multipliers at a
mass resolving power of ~3600. Isotope ratios were determined using L’Image (L. Nittler). Mass bias was
assessed using calcite and the UW-2 garnet standards. The external precision was <4‰ for δ18O and <9‰
for δ13C. C isotope data are discussed elsewhere. Each ion image was subdivided into calcite, silicate and
diamond regions. Calcite and silicate yielded δ18O values of 16.3 ± 4.3‰ and 14.8 ± 5.8‰ (1σ),
respectively. Anomalous δ18O values comparable to values for coesite in diamond [2] suggest that the
isotopic signature of this mineral assemblage originated from deeply-subducted, altered oceanic crust.
[1] Wirth, R. et al. (2009) EPSL, 286:292-303. [2] Schulze, D. et al. (2003) Nature, 423:68-70.

Progress in SIMS Analysis of C- and N-Isotopes in Diamond
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Petrogenetic studies of terrestrial natural diamond are important for research topics such as the C and
N composition and reservoirs within the Earth, deep volatile cycling, and the composition of metasomatic
fluids or melts leading to diamond growth. Photo- and cathodo-luminescence (CL) spectroscopic
techniques for chemical and crystal-structural analysis of diamond are relatively advanced. Internal
zoning revealed by CL in some cases rivals the complexity found in crustal minerals such as zircon.
SIMS analysis of C-isotopes and N abundance ([N]) for the purpose of studying diamond internal
variations dates from early 1990’s, and N-isotopes from the early 2000’s. In the last decade, new SIMS
technology has improved precision in diamond C-isotope studies, although applications remain limited.
Correlative, micro-scale imaging and analyses of [N], C- and N-isotopes at high precision are needed for
a wide range of diamond types and sizes, many of which have been previously studied by bulk analytical
techniques, or from which inclusions have been extracted. As diamond studies are a major research area
for CCIM, a number of developments are underway, including methods of sample preparation, SIMS
analysis, and characterization of reference materials.

Session 3: Stable Isotopes, Terrestrial and Extraterrestrial
Stable Isotope Geochemistry and Cosmochemistry at WiscSIMS: Recent Progress
Noriko T. Kita
WiscSIMS, Department of Geoscience, University of Wisconsin-Madison

Stable isotope analyses using SIMS has been significantly improved to the level of sub-‰ precision
from ≤10 µm spots [1-2]. Accuracy of analyses depends on careful analyses of appropriate isotope
standards and can approach precision [1-3]. Several recent results using Wisconsin IMS-1280 will be
discussed that cover a wide range of earth and planetary sciences. Diffusion profiles at 100µm scale in
single crystals reveal rapid cooling and shorter metamorphic events that were not previously recognized
[3-4]. Unaltered domains in foraminifera tests revised tropical sea-surface temperatures by 4-8 ˚C [5] and
resolve the “cool tropics paradox” of Paleogene greenhouse climate. Minute zircon grains from lunar
regolith show slight, but consistently higher δ18O than zircon from terrestrial ocean crust, suggesting
hotter and dryer lunar magmatism [6]. Some applications to meteorites are also discussed. In a study of
sulfur isotopes in Paleoproterozoic pyrite [7], we achieved external precision of 0.09‰ (2SD) in Δ33S
using 10µm primary beam to examine mass-independent fractionation during the “Great Oxidation”. In
addition, 3 µm spot analyses in multi-Faraday mode reveal zonation of δ34S in single grains as large as
40 ‰, indicative of microbial activity.
In order to see 2-3 µm pits and target small objects, we modified the SIMS optical microscope to use
UV light (370 nm), which improved optical resolution from ~3.5 µm to ~1.8 µm.
[1] Valley JW and Kita NT (2009).	
  Mineralogical Association of Canada Short Course 41, 19-63. [2] Kita NT et al.
(2009). Chem. Geol. 264, 43-57. [3] Page FZ et al. (2010).	
  Chem. Geol. 270, 9-19. [4] Bonamici CE et al. (2011)
Geology 39, 959-962. [5] Kozdon R et al. (2011)	
   Paleoceanography 26, PA3206. [6] Valley JW et al. (2011)
Mineralogical Magazine, 75, 2058. [7] Williford KH et al. (2011) GCA 75, 5686-5705.

High Precision Mg and O Isotope Measurement in Olivine from Meteoritic Chondrules
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The development these last 10 years of multi-collection with Faraday cups on large radius ion
microprobes (Cameca ims 1270-1280 series) has opened the way to reach high precision for isotopic
measurements. Ion microprobe isotopic analysis is still limited by the stability of instrumental mass
fractionation and by the calibration of matrix effects on instrumental mass fractionation. However tunings
can be optimized for these effects to be mass-dependent so that they do not limit the ultimate precision
that can be reached for the measurement of deviations from a mass fractionation law. This turned out to
be of great promise in cosmochemistry for the study of D17O variations and of radiogenic 26Mg excesses.
High precision (in the range 0.01 - 0.1‰) is required for D17O values in order to use them to look for
parentage between different objects in the solar accretion disk or to decipher their formation histories (e.g.
closed or open system formation, interactions with the nebula gas). The same level of precision is
required to use Mg isotopic compositions to build 26Al chronologies in objects with low Al/Mg ratios
(26Al isochrons) or devoid of Al (26Mg model ages) [1,2].
[1] Villeneuve J. et al. 2009, Science 325, 985-988. [2] Villeneuve J. et al. 2011, Earth Planet. Sci Lett. 301, 107116.

Oxygen Isotope Systematics of Chondrules: An Example of Combined Oxygen ThreeIsotope Analyses Using 3µm and 15µm Primary Beams.
Takayuki Ushikubo
WiscSIMS, Department of Geoscience, University of Wisconsin-Madison
Chondrules are silicate spherules in primitive meteorites (chondrites). Because they formed in the solar
nebula and likely experienced multiple melting events before accretion into planetesimals, chondrules
would preserve isotopic records such as heterogeneity of precursor materials or interaction with
surrounding nebular gas.
We applied the three Faraday cups (3FCs) oxygen isotope analysis technique with a large (15µm,
2.5nA) Cs+ beam [1] and the FC-EM-EM oxygen isotope analysis technique with a small (3µm, 25pA)
Cs+ beam [2] to characterize oxygen isotope systematics of chondrules from various chondrites [1,3-7].
Typical reproducibility of δ18O, δ17O, and Δ17O is ±0.3‰, ±0.6‰, and ±0.6‰ (2SD) for the 3FCs
analysis and ±1.2‰, ±1.2‰, and ±1.1‰ for the FC-EM-EM analysis, respectively.
Characteristics of oxygen isotope ratios of chondrules are as follows. 1) Most chondrules consist of
minerals (and glass) with indistinguishable Δ17O values excluding small amounts of relict olivine grains.
2) The Δ17O values of chondrules show several characteristic values (Δ17O~ −5‰, −2‰, 0‰, +0.5‰, and
+1.5‰) and correlate with Mg#. 3) Oxygen isotope ratios of chondrules are distributed along a slope~1
line between the CCAM and Y&R lines.
Combined 3FCs and FC-EM-EM analyses are useful to study samples than have complex texture and
formed by multiple processes.
[1] Kita N. T. et al. (2010) GCA 74, 6610. [2] Nakamura T. et al. (2008) Science 321, 1664. [3] Ushikubo T. et al.
(2011) LPSC XLII, #1183. [4] Rudraswami N. G. (2011) GCA in press. [5] Tenner T. J. et al. (2011) LPSC XLII,
#1426. [6] Nakashima D. et al. (2010) MAPS 45S, A148. [7] Tenner T. J. et al. (2011) MAPS 46S, A233.
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For in situ measurement of triple oxygen isotopic compositions in planetary and meteoritic specimens,
we have developed the technique using SHRIMP-IIe/MC recently installed in Korea Basic Science
Institute. Analytical protocols to measure 18O/16O and 17O/16O ratios of silicate minerals was initially
based on previous works such as Ca+ primary ions, electron gun, Helmholtz coils, and correction for
electron-induced secondary ion emission (EISIE). In addition, the technique of mount preparation,
background and matrix correction, modifications on collector slit, hardware or software were investigated.
Especially, the analytical results were significantly improved by 1) the method of sample storage using
nitrogen chamber, 2) newly manufactured collector slit for central Faraday, and 3) very precise alignment
of height of three collector slits. In order to have 17O- ions enough to be measured with FC, a relatively
large (30–40 micron in diameter) and intense (5–10 nA) primary Cs+ ions are used. In this condition,
more than 109 and 106 count per second are detected for 16O and 17O isotopes, respectively, so that all
three oxygen isotopes can be detected by three Faraday cups. Preliminary data were obtained with
analytical uncertainties of 0.1 to 0.2 ‰ for inter errors of individual measurements and ~1.5‰ for
reproducibilities.

D/H and 1H/18O of Apatite in Apollo Rocks: Implications for the Origin of Lunar Water.
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Since the discovery of trace amounts of water in lunar fire-fountain glasses in 2008 [1], several groups
have more recently reported on the existence of copious amounts of water in lunar apatite [2-5], with
maximum values of 6050 ppm determined from mare basalt 12039 apatite [5]. Modeling of these results
to determine the original content of water in the lunar mantle is fraught with difficulties and unknowns in
key parameters [2,3]. We have recently reported the first D/H measurements of lunar water from ion
microprobe measurements of D/H in apatite from Apollo rock samples [5]. Here we summarize and
discuss key results of our research.
D/H of the Moon. The mean and standard deviation of dD analyses of mare basalts 10044, 12039, and
75055 are +681±132‰ (n=27). That the D/H of these 3 mare basalts from different landing sites should
be so similar argues that the mare source region is also similarly elevated in D/H.
The dD of apatite from an intrusive highlands alkali anorthosite clast (14305,303) is also elevated
relative to Earth (dD=+238±72‰; +341±53‰), but less so than mare basalts 10044, 12039, and 75055.
The elevated D/H for this intrusive sample seems to rule out assimilation of regolith material (derived
from comets or asteroids) by the extrusive mare lavas to explain the elevated D/H of the Moon.
[1] Saal A. E. et al. (2008) Nature 454, 192-196. [2] McCubbin F. et al. (2010) PNAS 107, 11223 [3] Boyce J. et al.
(2010) Nature 466, 466. [4] McCubbin F. et al. (2010) Am. Min. 95 1141 [5] Greenwood J. P. et al. (2011) Nature
Geosci. doi:10.1038/NGEO1050.

Session 4: Analyzing Solar Wind from the Genesis Mission
MegaSIMS and Results from the Genesis Mission.
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NASA flew the Genesis Mission to capture samples of solar wind (SW) and return them to Earth for
laboratory analysis [1]. The highest scientific priority of the mission was to determine the oxygen
isotopic composition of the Sun, which, by mass balance, must represent the average composition of the
solar nebula [2]. At UCLA, we designed and constructed a hybrid secondary–ion, accelerator mass
spectrometer (SIMS/AMS), called the “MegaSIMS” [3], specifically to tackle the unique analytical
challenges posed by the Genesis samples. The background of terrestrial oxygen was reduced to an
acceptable level (<2% of the SW signal) by (1) aggressively baking the vacuum system, (2) covering up
oxygen sources on the immersion lens extraction plate by intense Cs-sputtering of blank SiC, and (3)
cleaning a ~200 µm diameter circle surrounding the targeted area by Cs sputtering at 5 keV impact energy
at 20 nA for 5 minutes, which removed the top ~20 nm of the surface without appreciable atomic mixing
into the implanted SW. Other important factors were the ion imaging capability of MegaSIMS, complete
hydride destruction with high transmission, and simultaneous counting of the three isotope beams.
Data were acquired over a traverse of 40 depth profiles across a SiC target from the Genesis
concentrator. The data demonstrate that the Earth, Moon, Mars, and bulk meteorites are depleted in 16O
by ~7% relative to the bulk solar system in a non-mass-dependent manner [4]. Gas phase photochemistry,
either in the solar nebula or in its progenitor molecular cloud, is most likely responsible for changing the
isotopic composition of planetary materials in the inner solar system prior to planetesimal accretion.
By enabling in situ SIMS isotopic measurements without molecular ion interferences, MegaSIMS
offers interesting potential applications in geo- and cosmo-chemistry.
[1] D. Burnett et al. (2003) Space Sci. Rev. 105, 509. [2] R. Clayton (1993) Annu. Rev. Earth Planet. Sci. 21, 115.
[3] P. Mao et al. (2008) Appl. Surf. Sci. 255, 1461. [4] K. McKeegan et al. (2011) Science 332, 1528.

Backside Depth Profiling by SIMS: Mg Isotopic Composition of Solar Wind Collected by
the Genesis Mission.
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Solar wind is isotopically fractionated. To deduce the isotopic compositions in the solar nebula of
volatile elements, e.g. noble gases, O, and N, from of the solar wind (SW) analyses the magnitude of this
mass-dependent fractionation must be understood. With the exception of evaporation effects in CAI’s,
mass dependent fractionation of Mg isotopes is small, as evidenced by Mg isotopic compositions of
terrestrial igneous and meteoritic samples which agree within ~1‰. Thus, if we assume that the
“terrestrial” Mg isotopic composition is also representative of the solar photosphere, we can use
measurements of the SW captured by Genesis to test models of isotopic fractionation in formation of SW.
Fragments of a silicon target from the passive Genesis collector, a 25,26Mg implant (Si target) and an
aluminum alloy containing 2% of Mg were measured in depth-profiling mode with the UCLA Cameca
ims 1270. 100×100 µm2 craters were sputtered with an O2+ beam in O2 atmosphere (1.2E-5 torr). 7.5keV
impact energy and a field aperture of 50×50 µm2 were applied to improve depth resolution. Mg isotopes
and 28Si were collected simultaneously on electron multipliers (Mg) and a Faraday cup (Si).
Surface contamination and the very shallowly implanted SW (within the uppermost 200 nm) required
us to apply a novel technique of depth profiling: to sputter the Genesis target from the backside. Carefully
selected Genesis samples were mounted with epoxy on a Si substrate and ground from the backside to
400nm and 2.5µm thicknesses, respectively. This retains a complete SW implant profile, avoiding surface
contamination and transient sputter effects otherwise encountered when sputtering from the front side.

Session 5: Science with Small Samples
Characterization of Presolar Silicate Grains: NanoSIMS, Auger Spectroscopy,
and FIB-TEM.
Christine Floss
Laboratory for Space Sciences, Washington University, St. Louis, MO 63130, USA
The existence of presolar silicates was predicted on the basis of astronomical observations [1], but
their identification in solar system materials lagged well behind the discovery of other presolar grain
types. Their discovery was complicated by the fact that these small (generally on the order of ~300 nm)
grains are embedded in a sea of solar system silicates and cannot be isolated using the harsh acid
dissolution techniques developed to extract other presolar grains from meteorites [2]. The advent of the
NanoSIMS with its sub-micrometer spatial resolution and high sensitivity led to the first observations of
presolar silicates in interplanetary dust particles and primitive meteorites [3, 4]. Numerous studies since
that time have shown that presolar silicates are the most common presolar grain type, with typical
abundances in primitive meteorites of ~150–200 ppm [e.g., 5-7]. While isotopic information is provided
by the NanoSIMS measurements, obtaining elemental and structural information required the application
of novel micro-analytical techniques. Auger spectroscopy allows routine measurement of the major
element compositions of these grains with a spatial resolution on the order of 10s of nanometers [8],
while focused ion beam lift-out of targeted grains and subsequent TEM investigation can provide
information on structures and internal heterogeneities [9]. The complementary use of these techniques can
provide detailed characterizations of the grains that elucidate the conditions of their formation in stellar
environments and their subsequent evolution in the ISM and solar system. I will review the use of
NanoSIMS, Auger spectroscopy and FIB-TEM in presolar silicate studies and provide specific examples.
[1] Waters et al. (1996) A&A 315, L361. [2] Amari et al. (1994) GCA 58, 459. [3] Messenger et al. (2003) Science
300, 105. [4] Nguyen and Zinner (2004) Science 303, 1496. [5] Floss and Stadermann (2009) GCA 73, 2415. [6]
Vollmer et al. (2009) GCA 73, 7127. [7] Nguyen et al. (2010) ApJ 719, 166. [8] Stadermann et al. (2009) MAPS
44, 1033. [9] Zega et al. (2007) MAPS 42, 1373.

Applications of the Newly Installed NanoSIMS 50L at the Institute of Geology and
Geophysics, Chinese Academy of Sciences
Yangting Lin, Wei Yang, Jianchao Zhang, Jialong Hao, Sen Hu, Lu Feng and Xuchao Zhao
Key Laboratory of the Earth’s Deep Interior, Institute of Geology and Geophysics, Chinese Academy of
Sciences, 19 Beituchengxi Rd., Beijing, China
After the on-site acceptance tests of our newly installed nanoSIMS 50L in March, 2011, many
analytical methods with this instrument have been developed. The preliminary applications include: (1) In
situ searching for presolar grains in primitive chondrites by imaging C/O/S/Si isotopes. It takes about one
hour to acquire an image of 10×10 µm size, and the standard deviations of both 18O/16O and 34S/32S ratios
are less than 10‰ for submicron-sized solar grains within the same images. Presolar grains of graphite,
SiC and oxides have been found, but all sulfide grains are normal in isotopic compositions; (2) Mapping
trace elements in high-pressure polymorphs of silicates in heavily shocked meteorites, and volatile
elements in various sinoite-bearing assemblages in Almahata Sitta MS-17 EL3 fragments; (3)
Measurement of H isotopes and water contents in phosphates and melt inclusions from martian
meteorites; (4) Measurement of 32, 33, 34, 36S and 37Cl of lawrencite (FeCl2) from Almahata Sitta MS-17 EL3
fragments. Large excesses of 36S (δ36S up to 2100±1070 ‰) have been found in a few lawrencite grains,
with the inferred 36Cl/35Cl ratio of (9.4±0.8)×10-5. Troilite and synthetic FeCl3 with extremely high
35
Cl/34S ratios up to 106 were used as standards; (5) Multi-collection and peak jumping combined
measurement of REE in zircon and NIST glass standards. The interferences of LREE monoxides to
HREE can be eliminated effectively with high mass resolution model with M/ΔM ≥ 9000. However, 139La
in highly LREE-depleted zircon could be interfered by the tail of 91Zr16O3 peak; (6) Zircon U-Pb dating
with a lateral resolution of <5 µm has been carried out on 4 zircon standards with precisions of 2-3%, and
Pb-Pb dating with a lateral resolution of <2 µm on one zircon and one baddeleyite standards with
precisions of 1-2%.

Hayabusa Sample Analysis by SIMS.
Hisayoshi Yurimoto
Department of Natural History Sciences and Isotope Imaging Laboratory, Hokkaido University, Sapporo,
Japan
The Hayabusa spacecraft made two touchdowns on the surface of Asteroid 25143 Itokawa on
November 20th and 26th, 2005. The spacecraft made the reentry into the Earth’s atmosphere on June 12th,
2010 and the sample capsule was successfully recovered in Australia on June 13th, 2010. Although the
sample collection processes on the Itokawa surface had not been made by the designed operations, more
than 1,500 grains were identified as rocky particles in the sample curation facility of JAXA, and most of
them were judged to be of extraterrestrial origin, and definitely from Asteroid Itokawa on November 17th,
2010. Several tens of grains of relatively large sizes among the 1,500 grains will be selected by the
Hayabusa sample curation team for preliminary examination. Each grain will be subjected to one set of
preliminary examinations, i.e., micro-tomography, XRD, XRF, TEM, SEM, EPMA and SIMS in this
sequence. Oxygen and magnesium isotopic compositions of the grains have been determined by SIMS.
Compositions of the grains are depleted in 16O relative to terrestrial materials and indicate that Itokawa,
an S-type asteroid, is one of the sources of the LL or L group of equilibrated ordinary chondrites. We
have the first direct oxygen-isotope link between chondrites and their parent asteroid. We have observed
no δ26Mg-excesses for olivine, orthopyroxene and plagioclase in the grains in 2σ confidence of the
analytical precisions. The initial 26Al/27Al ratio is calculated to be 3±8 x 10-8 and the initial δ26Mg is to be
0.01±0.02‰, which coincide with those of equilibrated chondrites.

Measurements of Stardust Samples
Ryan C. Ogliore, Kazuhide Nagashima, and Gary R. Huss
HIGP/SOEST, University of Hawai‘i at Mānoa, 1680 East-West Road, POST 535B, Honolulu, HI 96822
Many of the larger objects returned by NASA's Stardust mission from comet Wild 2 are complex,
multi-phase objects that were relatively unmodified by aerogel capture. Due to the complexity and
scarcity of these large cometary particles, it is prudent to maximize the scientific yield of each grain. We
have developed a mounting procedure to analyze Stardust grains by SIMS that permits further preparation
of the same sample for additional SIMS, synchrotron, and electron-beam analyses. The Stardust grain is
embedded in an epoxy bullet and microtomed, exposing a flat surface. This bullet is mounted in an Al
cylinder, holding the surface of the exposed grain at a specific altitude. A flat, conducting surface around
the sample is needed to control instrumental mass fractionation effects in the ion probe. To accomplish
this, an Al disk with a small hole in the center covers the Al cylinder and epoxy bullet, exposing only the
tip of the bullet containing the sample. This tip is covered by a gold-coated, 500-nm-thick Si3N4
membrane with a 300-µm diameter ion-milled hole to expose the sample. Also on the Al disk, we mount
a polished ring of standards approximately matching the phases in the complex Stardust grain. The entire
mount can be disassembled and requires no modification of the epoxy bullet. We will discuss our O
isotope measurements (using the UH Cameca ims 1280) of Stardust grains mounted with this technique.
Additionally, we will discuss our measurements of the 26Al-26Mg system on microtomed slices from the
same particle that we measured for oxygen isotopes. Development of sample preparation methodology
allowing for the efficient use of tiny, precious samples is important because of recent and future sample
return missions, such as the Hayabusa samples from asteroid 25143 Itokawa.

Session 6: Ion Imaging and Other Topics
Isotope Imaging with SCAPS Detector: Applications to Oxygen and 26Al-26Mg Isotope
Systematics in Ca- and Al-rich Inclusions

Kazuhide Nagashima1, Gary R. Huss1, Alexander N. Krot1, and Hisayoshi Yurimoto2
HIGP/SOEST, University of Hawai‘i at Mānoa, 1680 East-West Road, POST 535B, Honolulu, HI 96822
2
Department of Natural History Sciences and Isotope Imaging Laboratory, Hokkaido University, Sapporo,
Japan
1

Secondary ion mass spectrometry (SIMS) has been applied to isotope imaging to visualize micronscale distribution of isotopes in solid samples. One approach is direct ion imaging that uses SIMS as an
ion microscope. First isotope microscope system developed by Yurimoto’s group consists of ims-1270
SIMS and a new, state-of-the-art, solid-state, imaging detector called SCAPS (Stacked CMOS-type
Active Pixel Sensor. SCAPS has several advantages over conventional 2-D detection systems, including
wide dynamic range, no insensitive period, direct detection of charged particles. SCAPS can measure
high ion flux with an accuracy of the statistical error and with a detection limit corresponding to ~3
incident ions.
Recently, we developed a new isotope microscope system using the SCAPS in combination with the
University of Hawaii Cameca ims-1280 SIMS. The system has been successfully applied to
cosmochemisty research (Nagashima et al., 2010; 2011). The results on oxygen and 26Al-26Mg isotope
imaging in Ca- and Al-rich inclusions in CV chondrites will be presented.

Some Pitfalls of SIMS Ion Imaging (or What is Shoved Under the Rug).
Larry Nittler
Department of Terrestrial Magnetism, Carnegie Institution of Washington, 5241 Broad Brand Rd. N. W.,
Washington, DC 20015

Isotopic and elemental imaging is an increasingly common technique in SIMS geochemical
analysis, as it can allow chemical and isotopic variations on very small spatial scales to be
discerned. However, there are a number of technical issues which can affect the quality of SIMS
images and limit the accuracy, precision and spatial resolution of imaging measurements. These
include consideration of beam tails and multi-cycle image registration on the true spatial
resolution of images, deadtime and other corrections (e.g. quasi-simultaneous arrival effects) for
low count rate measurements, topographic effects and transport of surface contamination and/or
redeposition of sputtered atoms onto the imaged area during a measurement. Although many of
these are to some extent obvious to practitioners of SIMS imaging, they are rarely discussed in
any detail in the literature and in fact are often not acknowledged at all. This talk will discuss
many of these imaging pitfalls with an eye to facilitating more common discussion of them and
their effect on the geochemical results of SIMS imaging experiments.

Evidence for the Extra-Terrestrial Origin of the First Natural Quasicrystal.

Y. Guan1, L. Bindi2,3, J. M. Eiler1, L. Hollister4, G. J. MacPherson5, P. J. Steinhardt6,7 and N. Yao8
1
Division of Geological and Planetary Sciences, Caltech, USA.
2
Università degli Studi di Firenze; 3CNR-Istituto di Geoscienze e Georisorse, Sezione di Firenze, Italy
4
Department of Geoscience, Princeton University, USA
5
Division of Meteorites, Smithsonian Institution, USA
6
Princeton Center for Theoretical Science, Princeton University, USA
7
Department of Physics, Princeton University, USA
8
Princeton Institute for the Science and Technology of Materials, Princeton University, USA.
A systematic SIMS study has demonstrated that a rock sample found in the Koryak Mountains in
Russia and containing the first natural icosahedrite, an icosahedral quasicrystal (QC) with composition
Al63Cu24Fe13, is part of a primitive meteorite. The QC grains are intergrown with diopside, forsterite,
stishovite, and additional metallic phases (khatyrkite (CuAl2), cupalite (CuAl), and β-phase (AlCuFe)).
This assemblage, in turn, is enclosed in a white rind consisting of diopside, spinel, nepheline, and
forsterite. Particularly notable is a grain of stishovite that contains an inclusion of QC. No 26Mg excess
was detected in the QC, indicating no presence of the short-lived radionuclide 26Al at the time of its
formation. The pyroxene and olivine intergrown with the metal, however, have O isotopic compositions
similar to their counterparts in carbonaceous chondrites. O isotopic data indicate that the spinel from the
white rind was part of a calcium-aluminum-rich inclusion. The olivine and pyroxene gains contain diverse
REE abundances and patterns. The mechanism that produced this exotic assemblage is not yet understood.
Nevertheless, our evidence indicates that QCs can form naturally under astrophysical conditions and
remain stable over cosmic time scales, giving new insights on their existence in nature and stability.

The Use of SIMS for Nuclear Forensics. A Geochemical Perspective.
A. J. Fahey (albert.fahey@pnnl.gov)
Pacific Northwest National Laboratory, P.O. Box 999 MSIN J4-70, 902 Battelle Blvd. Richland, WA
99352
A brief history of the development of nuclear technology and weapons will be presented. The
application of micro-analysis and SIMS to selected nuclear-forensics issues will be discussed in detail.
Examples of the application of the investigatory methods of geochemistry will be show as they pertain to
the analysis of materials related to nuclear fuel production, weapons detonation and reactor operation.

Using an Electron Multiplier in Analog Mode

Peter Williams1, Jan Lorincik2, Klaus Franzreb1, and Richard Hervig3
1
Department of Chemistry & Biochemistry, Arizona State University, Tempe, AZ
2
Institute of Photonics and Electronics of ASCR, Prague, Czech Republic
3
School of Earth & Space Exploration, Arizona State University, Tempe, AZ
We have explored measurement and accuracy issues when an electron multiplier detector is used as a
fast analog amplifier rather than in pulse-counting mode. The electron multiplier on a Cameca IMS 3f
was modified to allow both analog and digital signals to be recorded simultaneously. The digital signal
was picked up on the last dynode and the analog signal was recorded at the anode (operated near ground
potential). The digital signal was differentiated to convert the positive pulse at the last dynode to a
negative-going signal that could be processed by the digital electronics of the IMS 3f and fed into the
counting system. The analog signal was amplified by an operational amplifier (106 ohm feedback resistor)
and fed into the voltage/frequency converter that normally processes the electrometer output from the
Faraday cup collector. Isotope ratio analyses were conducted using both modes (switching between
analog and digital signals or using only analog signals). We conducted tests of isotope ratio
measurements by sputtering negative ions of Si (silicon wafer) and S (bulk-analyzed pyrite samples)
under Cs+ primary ion bombardment. For 32S and 34S signals of ~3 x 107 and ~1.3 x 106 c/s respectively
the standard deviation of the mean of 140 1-second measurements was 0.3 per mil. Comparative
measurements on two sulfide samples with bulk isotope ratios differing by a factor of 1.0142 were within
<2 permil of this value. Potential problems of linearity, premature aging of the electron multiplier, and
other sources of residual error will be discussed.

Session 7: New Instruments and Instrument Development
Commissioning of SHRIMP SI
Trevor Ireland and Peter Holden
Research School of Earth Sciences, Australian National University
SHRIMP SI is the latest version of SHRIMP at ANU. It was designed with a view to having a
dedicated light isotope instrument that would complement capabilities on the other instruments as well as
allowing a degree of flexibility in our research and development. SHRIMP SI uses the same doublefocussing mass analyser as a standard SHRIMP. The source chamber has been completely redesigned
and cut out of a forged block of steel to improve the vacuum. The ion extraction optics combine elements
of both SHRIMP I and SHRIMP II. The first extraction plate is split in four to allow steering directly
from the target. The initial extraction is similar to that of SHRIMP I while the beam focusing system is
aligned with that of SHRIMP II. The multiple collector allows exchange of large geometry ETP
multipliers with Faraday cups. Initial results look extremely promising. Four isotope sulfur
measurements have achieved reproducibility of around 0.2 ‰ (95% c.l.) in 34S/32S with Δ33S and Δ36S
also around the 0.2 ‰ (95% c.l.). Oxygen isotope measurements can be carried out to around 0.3 ‰ in
18
O/16O for a complete analytical session. The analyses are rather insensitive to targets with quite extreme
topography. Soon to be installed is an electron column that will allow greater control of the electron
beam impact.

Cameca Instruments for Geosciences: Recent Developments
Paula Peres, Firmino Fernandes, Michel Schuhmacher
CAMECA, 29 quai des Grésillons, 92622 Gennevilliers Cedex, France
The CAMECA IMS 1280-HR is an ultra high sensitivity ion microprobe that delivers unequalled
analytical performance for a wide range of SIMS applications: isotope ratio measurements,
geochronology applications (U-Pb dating in Zircon), trace element analyses, particle screening
measurements. The IMS 1280-HR combines the well-proven features of the previous IMS 1280 model
with new developments oriented towards high mass resolution capabilities. A review of recent
developments of the IMS 1280-HR will be presented:
1) redesign of the coupling section for minimizing second-order aberrations, which are known to
limit the MRP capabilities
2) modification of the magnet pole piece in order to minimize the off-axis aberrations and improve
the peak shape in multicollection mode
3) new sample holder prototype with larger front surface size. This holder significantly reduces the
geometrical X-Y effects, which are known to limit the reproducibility for stable isotope analysis [1].
Oxygen isotope ratio analyses performed up to 8 mm from the center show an excellent spot-to-spot
reproducibility, below 0.2 permil.
4) updated APM (automated particle search) software version that greatly improves the efficiency
of particle screening. It includes a more advanced image processing algorithm, called autothreshold, which provides optimized particle identification.
[1] N. T. Kita, T. Ushikubo, B. Fu and J. W. Valley, Chemical Geology 2009 ; 264 , 43.

Low Impact Energy SIMS Using SHRIMP
Charles Magee
Australian Scientific Instruments, 111-113 Gladstone St., Fyshwick, ACT 2611, Australia
The SHRIMP series of SIMS instruments uses a two-stage system of secondary ion extraction, where
the sample and the primary beam see only approximately 7% of the full secondary acceleration voltage.
This allows great flexibility in primary beam energy, while maintaining the high secondary ion sensitivity
for which SHRIMP is characteristic.
The independence of primary ion energy from the secondary voltage is used to examine the ionization
efficiency of Pb+ in zircon over a range of impact energies from 3 kV to 15 kV. A plateau of around 30
cps/nA O2-/ppm 206Pb is observed between 5 and 10 kV impact energy, with a sharp dropoff at low energy
and a gradual one at high energy. The use of a primary beam made of 18O2- ions allows the 18O from the
beam to be differentiated from the 16O in the natural silicate matrix.
The oxygen isotopic results, with larger 18O/16O ratios at lower energies, suggest that enhanced oxygen
activity at the sputtering surface may be due to progressively lower sputtering efficiency at lower energies.
This would increase the Pb+ yield from the sample even as the ion yield per nanoamp of primary beam
remains constant, as a nanoamp of molecular oxygen at 5kV appears to sputter a smaller sample volume
than at higher energies.
The larger point is that the demand for geochronolocical results, coupled with the relatively small
number of instruments in operation, means that significant methodological advances remain to be
discovered even with the 20 year old SHRIMP II. The new SHRIMP IV (a dual polarity version of
ANU’s SHRIMP SI) will offer even more opportunities for microanalytical innovation.

Development of Laser Ionization Mass Nanoscope “LIMAS”.

Shingo Ebata1,2*, Morio Ishihara2, Kiichiro Uchino3, Satoru Itose4, Miyuki Matsuya4,
Masato Kudo4, Ken-ichi Bajo5, Hisayoshi Yurimoto5,1
1
Isotope Imaging Laboratory, CRIS, Hokkaido University, Sapporo, 001-0021, Japan
2
Department of Physics, Osaka University, Toyonaka, 560-0043, Japan
3
Graduate School of Engineering Sciences, Kyushu University, Kasuga, 816-8580, Japan
4
JEOL Ltd., Akishima, 196-8558, Japan
5
Department of Natural History Sciences, Hokkaido University, Sapporo 060-0810, Japan
We have developed a new nano-beam TOF-SNMS (Time of Flight Secondary Neutral Mass
Spectrometry) system “LIMAS”. The primary ion beam column is equipped with a Ga liquid metal ion
source and aberration correction optics. The primary ion beam spot size is down to 40 nm in diameter
under the current of 100 pA with 20 keV. The sputtered particles are post-ionized under non-resonance
mode by a femtosecond laser. The post-ionized ions are introduced into a multi-turn TOF mass
spectrometer. The mass resolution up to 150,000 is achieved. The vacuum of sample chamber is
maintained under ultra-high vacuum of 2 × 10-8 Pa. This instrument would be effective for ultrahigh
sensitive analysis of nano-size particles such as return samples from asteroids, comets and planets.

Thomas Stephan

1,2,3

CHILI – The Chicago Instrument for Laser Ionization.

, Andrew M. Davis1,2,4, Michael J. Pellin1,2,3,4, Michael R. Savina1,3, Ashley J. King1,2,
Nan Liu1,2, Reto Trappitsch1,2, and Reika Yokochi1,2
1
Chicago Center for Cosmochemistry, Univ. of Chicago
2
Dept. of the Geophysical Sciences, Univ. of Chicago
3
Materials Science Div., Argonne National Laboratory
4
Enrico Fermi Inst., Univ. of Chicago

CHILI, a new resonance ionization mass spectrometry (RIMS) instrument about to be completed at the
University of Chicago, is designed for isotopic and elemental analysis at a spatial resolution of a few
nanometers and a useful yield of 40–50 %. CHILI is equipped with a high-resolution liquid metal ion gun,
which can be focused to 2.5 nm, and a field emission electron gun with a beam diameter of <4 nm. The
electron gun supports the built-in diffraction-limited (~0.5 µm) optical microscope for sample imaging at
high resolution. A piezoelectric driven stage for nanometer-scale motions and a sample holder that
accepts a wide variety of samples are operational. The flight tube for the time-of-flight mass spectrometer
will be mounted vertically above the sample chamber, which resides in the center of an H-shaped laser
table supported by active vibration cancellation devices. For resonance ionization, six tunable Ti:sapphire
solid state lasers pumped with three 40 W Nd:YLF lasers will be used. This will allow at least three
elements to be analyzed simultaneously. Counting statistics limit the dynamic range and the precision of
isotopic ratios in existing RIMS instruments due to dead time effects of single anode microchannel plate
detectors. CHILI will initially be equipped with such a detector, but a new detector that will allow much
higher count rates is presently being designed. CHILI reflects many recent developments in instrument
design and will approach physical limits of resolution and sensitivity. CHILI will be applied to a
multitude of cosmochemical problems, where lateral resolution and sensitivity beyond current
commercial instrumentation are needed.

Session 8: Statistics and Data Analysis
Statistical Bias in Isotope Ratio Measurement.
Gary R. Huss and Ryan C. Ogliore
HIGP/SOEST, University of Hawai‘i at Mānoa
The goal of a SIMS isotope measurement is to determine, to the highest precision and accuracy
possible, the isotopic ratios of the elements of interest in natural samples. Ogliore et al. (2011) [1]
recently rediscovered that the method most of us have used to calculate isotopic ratios from SIMS
measurements, taking the mean of a series of isotope ratios determined from individual measurement
cycles, is inherently biased, yielding a long-run average ratio that is higher than the true ratio. When a
ratio is determined from two Poisson-distributed random variates, the bias in an individual ratio is
approximately equal to the true ratio divided by the number of counts in the denominator. The bias does
not decrease by increasing the number of ratios measured. A less-biased estimate of the true ratio can be
obtained by summing all of the counts for the numerator isotope and dividing by the sum of all counts for
the denominator isotope. In this case, the bias is approximately equal to the true ratio divided by the
summed counts of the denominator isotope, and it does decrease with increasing numbers of counts.
Estimators with even lower bias, such as Beale’s estimator, can also be used. In this talk, we will review
why the mean of many individual ratios is more biased than the ratio of the total counts. We will also
show that one need not sacrifice the information gained from measuring a series of individual ratios, such
as correcting for time depending variation in ion beam strength and editing the data for noise spikes or
source dropouts. An example of how one can be led badly astray by using the wrong ratio estimator will
be presented. Additional examples are presented in the poster by Huss et al. on Thursday evening.
[1] Ogliore R. C., Huss G. R. and Nagashima K. (2011) Nucl.Instrum. Methods Phys. Res. B, 269, 1910-1918.

Towards Resolving the Statistical Bias Problem in Isotope Ratio Measurements.
Christopher D. Coath and Robert C. J. Steele.
University of Bristol, School of Earth Sciences, Wills Memorial Building, Queens Rd., Bristol, U.K.
	
  
Taking the ratio of Poisson variables, X and Y, leads to a result which is greater, on average, than	
  the
ratio of their population means, i.e. E(X/Y) = (µx/µy)(1+B), where the bias B is positive and the function E
returns the expectation value. Hence, a naïve approach to calculating isotope ratios from ion-counting
signals may lead to incorrectly reported ratios. Previous work [1,2] has shown that, in	
  the limit of large	
  µy,	
  
B ≈  (1/µy+2/µy2). In this presentation I provide an alternative derivation of this result, derive the bias for
the noise-corrected ratio,	
  (X−µx0)/(Y−µy0), where	
   µx0 and	
   µy0 are the mean noise in X and Y respectively,
and clarify the conditions under which these results apply. Furthermore, I show that the expectation
value of X/(Y+1) is a better estimate of the ratio having an exponentially small bias, B =	
  −1/exp(µy), and	
  
that noise-correction may be included via (X−µx0)M(1,Y+2,	
  µy0)/(Y+1) which has bias B =	
  	
  −1/exp(µy−µy0),
where M is the Kummer confluent hypergeometric function. Computing ratios using these functions
allows ‘cycle-by-cycle’ ratio averaging with negligible bias using short cycle integration times (seconds)
even when mean count rates in the denominator exceed the noise by only a few counts per second.
[1] K.J. Coakley et al. (2005) Int. J. Mass Spectrom., 240, 107–120. [2] R.C. Ogliore et al. (2011) Nuc. Inst. Meths.
Phys. Res. B, 269, 1910–1918.
	
  

