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Figure 7.35 Records of §°°0 in foraminifera and the synthetic reference curve. (a) Record of 0 for
benthic foraminifera at three sites: site 552 =56"N, 23" W in the North Atlantic; site 607 —-41" N, 33" W
inthe mid Atlantic; site 667 —1" N, 84" W in the equatorial Pacific. Correlation between the three cores
is excellent. (b) Synthetic reference curve produced by tuning, which consists in defining the timescale
so that the Fourier decomposition frequencies of the §°0 values of the cores match the astronomical
frequencies from Milankovitch’s theory. The period is then subdivided into isotopic stages. The odd
stages are warm periods and the even stages (shaded) glacial periods. (Notice that the interglacials
correspond to increased § 0 values and fluctuations are just a few per mill.) After various compilations
from Bradley (1999).
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REPORTS

Iron Isotope Biosignatures

Brian L. Beard,"* Clark M. Johnson," Lea Cox,% Henry Sun,?
Kenneth H. Nealson,? Carmen Aguilar?

The *SFe/**Fe of Fe-bearing phases precipitated in sedimentary environments
varies by 2.5 per mil (5°°Fe values of +0.9 to —1.6 per mil). In contrast, the
5¢Fe/**Fe of Fe-bearing phases in igneous rocks from Earth and the moon does
not vary measurably (5°°Fe = 0.0 + 0.3 per mil). Experiments with dissimilatory
Fe-reducing bacteria of the genus Shewanella algae grown on a ferrihydrite
substrate indicate that the &°°

than the ferrihydrite substrate by 1.3 per mil. Therefore, the range in &
values of sedimentary rocks may reflect biogenic fractionation, and the isotopic
composition of Fe may be used to trace the distribution of microorganisms in
modern and ancient Earth.

9
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Martian life?

Are the “very small”” objects found on a Mar-
tian meteorite too small to be living organisms?
(Right, a tube-like structural form 0.5 microme-
ters long.) If traces of earlier life on that planet
have really been found, then what are some of
the implications for theories about the origins
of life? On other matters, progress in the use of
insect-resistant transgenic plants is assessed.
And research on how the human immunodefi-
ciency virus fuses to the cell is discussed.

BS RESEARCH ARTICLE

Search for Past Life on Mars:
Possible Relic Biogenic Activity
in Martian Meteorite ALH84001

David S. McKay, Everett K. Gibson Jr.,
Kathie L. Thomas-Keprta, Hojatollah Vali,
Christopher S. Romanek, Simon J. Clemett,
Xavier D. F. Chillier, Claude R. Maechling, Richard N. Zare
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REPORTS

Nonbiological Fractionation of

Iron Isotopes
A. D. Anbar,"2* |. E. Roe,? ]. Barling," K. H. Nealson?

Laboratory experiments demonstrate that iron isotopes can be chemically
fractionated in the absence of biology. Isotopic variations comparable to those
seen during microbially mediated reduction of ferrihydrite are observed. Frac-
tionation may occur in aqueous solution during equilibration between inorganic
iron complexes. These findings provide insight into the mechanisms of iron
isotope fractionation and suggest that nonbiological processes may contribute
to iron isotope variations observed in sediments.

REPORTS

Fig. 1 (Left). 5°Fe (@) and
5°'Fe (M) versus volume
eluted in a typical chro-
matographic experiment
(75). For Fe loaded on the
column, 5%Fe = 3°Fe =
0%o. (<) percent of total
Fe recovered in each frac-
tion; the cumulative yield
was 100%. Integrated
over all elution fractions,
cumulative §°Fe = 0.2
+ 0.3%o0 and cumulative
8°7Fe = 0.0 * 0.6%.o.
Error bars indicate =Z2o
uncertainties. Fig. 2
(right). Isotopic compo-
sitions  in  chromato-
graphic elution fractions
(R) plotted against cumu-
lative percent Fe recov-
ered on a probability ab- Volume eluted (mi)

scissa (17, 18). R = (MFe/

*Fe)s actiond (F&/7Fe), . Where M = 56 (A) or 57 (B). The slope on such plots reflects the
extent of isotope separation during elution, and is approximately equal to —sV'N. N, the
number of theoretical plates in the column (28); e, the single-step (“batch”) enrichment factor
(17, 18). If isotope separation is the result of equilibration with the resin, **K /MK, = 1 + =.
Error bars indicate *2c uncertainties.

% Fe eluted

variations result from mass-dependent frac-
tionation rather than from isobaric interfer-
ences. We find °°Fe ~ (.68 X §7Fe (r? =
0.99), which is consistent with theory (21).
Additional verification is provided by mass
balance, which requires that the isotopic
composition of the eluted Fe integrated over
all elution fractions should be identical to that
of the loaded Fe if 100% of the loaded Fe is
recovered. This expectation is confirmed in
our system, where °°Fe and 8°"Fe are ~0
when the cumulative yield is ~100%.
Chromatographic data can be related to
MK °K,, and *K /'K, by recognizing that
the 5°°Fe and &°"Fe data reflect the superposi-

57Fe/5Fe
£~ 1.5x10
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Precise analysis of copper and zinc 1sotopic compositions by
plasma-source mass spectrometry

Chloé Nadia Maréchal *. Philippe Télouk, Francis Albarede

Laboratoire de Sciences de la Terre (Unité Mixte dz Re , Ecole Normale Supérieure de Lyon, 46 Allée d'Ttalie, 69364
. France

Eeceived 6 July 1998: accepted 30 October 1998

First paper»for ron:traditional stable isotope
measurements using MC-1CPMS.
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Determination of natural Cu-1sotope variation by plasma-source
mass spectrometry: implications for use as geochemical tracers
XK. Zhu **, RK. O’Nions *. Y. Guo * N.S. Belshaw *, D. Rickard °

I"J'=n riment gf E
b
Departme

Feceived 21 December 1998; accepted 29 Apnil 1999
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Secular Variation of Iron
Isotopes in North Atlantic Deep
Water

Xiang-Kun Zhu,* R. Keith O'Nions, Yueling Guo, Ben C. Reynolds

A high-precision iron isotope time series for a ferromanganese crust demon-
gtratas that tha iran isntnne romnancition in Narth Atlantic NDean Water hac
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ELSEVIER International Journal of Mass Spectrometry 197 (2000) 191-195

High precision measurement of iron isotopes by plasma source
mass spectrometry

N.S. Belshaw, X.K. Zhu, Y. Guo, R.K. O’Nions
Department of Earth Sciences, University of Oxford, Parks Road, Oxford OX1 3PR, UK

Eecerved 2 July 1999; accepted 13 October 1999
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present the results of measurements of the ""Fe/”"Fe and ™' Fe/”"Fe

Isotopic homogeneiw of iron ratios in terrestrial and extraterrestrial materials.

We have sampled a wide variety of meteorite types, representing

in ‘Ihe earlv solar neh“la different parent bodies. These include chondrites (carbonaceous,

ordinary, and enstatite chondrites), achondrites (aubrite, eucrite,

ureilite, and Shergotty—Nakhla— gny (SNC) meteorite), palla-

sites, and iron meteorites. We performed measurements of iron

isotopes on chondrules, matrices, metal fractions, or bulk samples.

Chondrules were hand-picked from the meteorites after gentle

------------- crushing, nd freed from matrix coating by air abrasion and
. Pa v

"

X. K. Zhu, Y. Guo, R. K. 0’Nions, E. D. Young & R. D. Ash
iences, Universit ford, Parks Road,

0O Meteoritic material
O Terrestrial material

15 20

onation line. The
'Fe,and =






!l‘s"’ ’a

Elements are synthesized in stars







~

£
.

TR

.

etic sighatures? *










\

at all the ans




EPSL

Earth and Planetary Science Letters 200 (2002) 47-62

www.elsevier.com/locate/epsl

Mass fractionation processes of transition metal 1sotopes

X.K. Zhu®*, Y. Guo?, R.J.P. Williams®, R.K. O’Nions?, A. Matthews *<,
N.S. Belshaw?®, G.W. Canters?, E.C. de Waal9, U. Weser®¢, B.K. Burgess'!,
B. Salvato?®

L Department of Earth Sciences, University of Oxford, Parks Road, Oxford OXI 3PR, UK
b Department of Chemistry, University of Oxford, South Parks Road, Oxford OX1 30R, UK
¢ Institute of Earth Sciences, Hebrew University of Jerusalem, 91904 Jerusalem, Israel
4 Leiden Institute of Chemistry, Leiden University, Emsteinweg 55, 2333 CC Leiden, The Netherlands
¢ Anorganische Biochemie, Physiologisch-Chemische Institut, Eberhard-Karls-Universitit Tiibingen, Hoppe-Seyvler-Str. 4,
D-72076 Tiibingen, Germany
U Department of Molecular Biology and Biochemistry, University of California, Irvine, CA 92717, USA
& CNR Centre of Metalloproteins, Padua University, [-3512] Padua, [taly




TKN31F JL1(BC) BD3855 Eagle Station Imilac

Fig. 1. A plot showing phase-related variation of Fe isotopes
in mantle xenoliths and pallasites. All results for £'Fe are
relative to IRMM-14 standard. The size of data symbols rep-
resents approximately the external precision at 1o level. Ol-
olivine; Opx-orthopyroxene; Cpx-clinopyroxene; Amp-am-
phibole.
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Fig. 1. A plot showing phase-related variation of Fe isotopes
in mantle xenoliths and pallasites. All results for £'Fe are
relative to IRMM-14 standard. The size of data symbols rep-
resents approximately the external precision at 1o level. Ol-
olivine; Opx-orthopyroxene; Cpx-clinopyroxene; Amp-am-
phibole.
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Fraction of Cu” remaining

Fig. 3. (A) Expenmental resulis of Cu sotope fractionsion
betwesn Cut and Cu™t aquecus species at 20°0C. Al 2Cu
values ane expressed nelatme to the omngmal Cu solubon wed
for the experments, Mote that the mass fractionation be
tween Cu't solution and Cul precpitates femainsg oot
at ¢, 40 £ umits m *ACWCu rabio over a e range of ex
perimental comditions. (B) Modelling nsulis of Rakdigh frac
tonation between O and Cub baed on a fractonation
factor between the two speces a=1.00403 as deflned by the
expermental nesults preented @ opanel A Curve A &8 fiw
FCL varaton mothe Cu't speces remaimng o Sohlbion,
Curve B shows the vanation of £Cu in the Cul phase pre
cpitated i eguilibrivm with Cu't aguesus species From the
solution, Curve C shows the change of £Cu in the accums
lative Cul precipitate 8 a function of s accumulation, The
daghed Hne reprsents the isotope composition of the mibial
soltbon, These mesulis show three important ponts. Fostly,
the heawy isotope errichment i the emaimng Cu't solution
relaive bo the imbal solubon can be much lameer than the
equiibnum fractonatio  between Cuwt and Cut gpecies,
secomdly, melative to the mt@l solibon, both Cu't and Cut
specks can show heavy solope enmchment. Thndly, the
overall fractomation between Cu™ and Cu™ species can be
much lamger than the eguilibnum fractiomation between the
LWy Speacies.,

iween the two Cu species at ¢, X7C for the gven
experimental conditions, @oymm—cgm = 1.00403 £
000004, can be defined by the experiment resulis.

Using the fractionalion faclor oblained above,

the sigmificance of the resulis in understanding

mass fractionalion of transiiion metal sotopes




Tahble 3
Measurements of ransition metal sobopes n biolompeal samples

Rample £ Fer

Fermdonin-1 expresed in Azotobacter vinelandii

Culiure solution after imewbation

Fielll, sounoe imatenal

Arurm expreged i B ool

Arurm expreged i Foasngrinosa

o PChy b, S malenal

Yeast Cu-metalothsmean

Teasl Cu—Ln-supeoiade dimuitase

ey, sovibros materal

Bovoe hasmdogslnn ivA4
Hirse haemusge ko ban 3k, 449
Mg haemogkobm 33.5 445
Cretopus haemdocyann b2

* Measured ' Fe/™ Fe and ““Fe/"Fe ratios ane expresed & £ Fe and £ Fe, which are deviations mn parts per 10° from the Fe
igotope eference matenal TRMM-14. See footnote of Table 1 for data preciion,

Mesurad " Cu/Cu ratio 15 expresed as £ Cu, which ® deviation i parts per 107 from the Cu isotope reference matenal
MIST-976 See Mootnote of Table 2 for data precsion,
® Measured BZn®Zn, ¥ Inf 0 and P Fn ratiod sre expressed m H7n, £ Fn and 70, which are deviations in pars
per 1P from an Aldnch standard soletion, Repeated memumements of Bomil Zn solution versus Aldnch Zn solubion over a pen

od of 2 few months give external precidon of 0.5, (L5 and 06 at 20 level for @2 Zn, & Fn and #3Fn, respectively.
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High precision measurement of titanium 1sotope ratios
by plasma source mass spectrometry

X K. Zhu®?*, A. Makishima®®, Y. Guo®, N.S. Belshaw®, R.K. O’Nions®

* Department of Earth Sciences, Oxford University, Parks Road, Oxford OX1 3PR, UK
b Laboratory of Isotope Geochemistry and Cosmochemistry, Chinese Academy of Geological Sciences,
Baiwanzhuang Road 26, Beijing 100037, China
¢ The Pheasant Memorial Laboratory for Geochemistry and Casmochemistry, Institute for Study of the Earth’s Interior,
Okayama University at Misasa, Misasa, Tottori-ken 682-0193, Japan
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Fig. 2. A plot showing the effect of varying Ti concentration on the
measured Ti isotope ratios. Unhke the mterference effects shown
in Fig. 1b, the vanances of the measured T1 isotope matios follow
a mass-dependent manner. These results were obtained with the
desolvating nebuliser running without Nz gas. The width of the
erey band represents the long-term repeatability of £*7Ti at the
2 standard deviation level, as defined in Fig. 4. The dotted line
represents the position where the Ti concentration of “sample™
solution 15 the same as that of the standard. The Ti concentration
of solution used as the standard in these experiments is 5 ppm.




of nearest neighbor molecules.

The present experiments give clear evidence
that laser irradiation plays a fundamental role in
the activation of the polymerzation that pre-
vails over the competing dimerization process.
The obtainment of pure frans-polybutadiene is
indeed a remarkable result As a whole, the
high-pressure reaction studied in the present
report has several interesting features including
the high selectivity of the process, the easy
switching from one pathway to the other, and
the full transformation into the product with the
absence of solvents and catalysts, thus fulfilling
several of the requirements for a green chem-
istry process (307).
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Chromium Isotopes and the
Fate of Hexavalent Chromium
in the Environment

Andre S. Ellis,” Thomas M. Johnson,'* Thomas D. Bullen®

Measurements of chromium (Cr) stable-isotope fractionation in laboratory exper-
iments and natural waters show that lighter isotopes reacted preferentially during
Cr(VI1) reduction by magnetite and sediments. The **Cr/52Cr ratio of the product
was 3.4 * 0.1 per mil less than that of the reactant. >3Cr/52Cr shifts in water
samples indicate the extent of reduction, a critical process that renders toxic
Cr(V1) in the environment immobile and less toxic.

Chromium is a common contaminant in sur-
face water and groundwater ({, Z) because it
is used widely in electroplating and other

'Department of Geology, University of Illincis at Ur-
bana-Champaign, 245 Matural History Building, Urba-
na, IL 61801, USA. ®Water Resources Division, LS.
Geological Survey, 345 Middlefield Road, Menlo Park,
CA 94025, USA

*To whom correspondence should be addressed. E-
mail: tmjohnsn®uivcedu

industries and occurs naturally at high con-
centration in ultramafic rocks. Under oxidiz-
ing conditions, Cr is highly soluble and mo-
bile as the Cr(VI) anions chromate (CrO*")
and bichromate (HCrO,7). Cr(VI) is a sus-
pected carcinogen (3). Under reducing con-
ditions, Cr{VI) may convert to Cr{I1I), which
is insoluble, strongly adsorbed onto solid sur-
faces (4), and less toxic. Cr(VI) can be re-
moved from solution artificially by in sitn
reduction (3, &), or naturally by reductants

www . sciencemag.org
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Determination of molybdenum isotope
fractionation by double-spike multicollector
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Christopher Siebert, Thomas F. Nigler, and Jan D. Kramers
Isotopengeologie, Mineralogisch-Petrographisches Institut, Universitit Bern, CH-3012 Bem, Erlachstrasse 9a,
Switzerland (siebert@mpi.unibe.ch; naegler@mpi.unibe.ch; kramers@mpi.unibe.ch)




EPSL

sl

ELSEVIER Earth and Planetary Science Letters 193 (2001) 447-457

www.elsevier.comflocate fepsl

Natural mass-dependent variations in the
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Metal Stable Isotopes in

the Human Body: A Tribute
of Geochemistry to Medicine

Francis Albarede*
1811-5209,/15/0011-026552.50 DOI: 10.2113/gselements.11.4.265

etalloproteins play essential roles in biology and medicine. Calcium
is a major component of bones, while electron and oxygen transport
in the body relies on iron and copper. Isotope fractionation of metal
stable elements uniquely reflects specific biochemical pathways. Variations in
these isotope ratios from normal levels in body fluids can be used as reliable
markers of pathological conditions. Metal stable isotope fractionation reflects
the energetics of bonding, is amenable to theoretical calculations and is fast
becoming a powerful medical diagnostic tool. Examples include how calcium
isotopes can be used to monitor bone loss, how iron isotopes can react to

genetic disorders, and how copper isotopes can help track cancer progression.

of humans and other organisms,
tend to vary. This is known as the
isotope effect, a term that describes
the mass-dependent variations of
natural isotope abundances for a
particular element. The isotope
effect is a conseguence of the
Heisenberg uncertainty principle
on the distribution of energy levels
of molecular vibrations. The energy
of the lowermost wvibrational
energy state depends on the mass
of the atoms involved in bonding,
a characteristic that is at the heart

S




A ] Asseepa Sel 20T 9 358 MO
THCH N0 0Tty S 00 el 5

@ CroasMark

ORIGINAL PAFER

Potential of non-traditional isotope studies for bioarchacology

Klervia Jaouen" - Marielaure Pomns

Rz ared 30 March D00 LA oxpaal: X Oonekss 2006 Palblalal amlises 1 MNovaslss 00E
L et Al 200 & Thies aoiac e ol el vl ool 0 i ol Sigmusigiher hindic o i

ilstrac As a conssquence of woent developmenis in mass
s peciromany, the application of non-tmdi tional s hle isotope
systams {eg. Ca, Cu, Fe, Mg 3¢ fn)ax wdl as radiogenic
ismopes o achesological moderiaks i now possible. These
techniques have apened naw parspactives in bimrchasnlogy
and can provide infiormadtion on metahaol sm, diet and the mos
hility of past individuals. This review demonsiraies this pos
imnitial and describes the principle of these new amahydtical aps
proaches. In addition, we emphasize how the “pons
imditiomal™ siahle molope sysiems compase and conirast with
chs=ic isolopic anal yses.

Keveonls Axchaeolo gical sciences - Metal siable isoiopes -
Iracars - Diat - Mobility - Metwbal em

time, a5 opposed to redinactive soiopes that decay mio a
domghier sotopz from a different dement. This resulting
danghier clememt is radiogenic. Badiogenic kotope shuns
dances are typially expresal = the o of the mdiogenic
isolnpe af imerest to 2 sizble isolope of the same dement {e.g.
5™ 5. Far stahile izoinpe sysiems, the Eoiopic abundance
is mumstly measured in tems of delia notation (e g.-!-”'!.ll Ifa
radingenic Bolope & invohed, then the resulis ase vsually
expressol as isolopic o

For several deaudes, radi ogenic isolopes strom tim { Srjand
lead {Ph) and siahle isoliopes of light elemanis (hydrogen (H ),
cashon (), nirogen (M), oxygen {0} sulphur (53 were the
main isolopic sysiems studied in nman remains (Fig. 1L
Detection of naiural sahle isoiope asbundanos fior elemenis
af masses provter tham £ amu was. very difficul it wnti | necent] v







