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Abstract: With the advent of multiple-collector inductively coupled plasma mass spectrometry (MC-ICPMS) in re-
cent years, the new unconventional Tl stable isotope geochemistry has been developed, and Tl isotope has become
a new isotopic tracer in earth science. This paper reviews the recent progress of T stable isotope studies. Thallium
is identified to be the heaviest element with natural isotope fractionation. The natural range of ¢’ T1 (£** Tl repre-
sents the deviation of the *® T1/%*T1 ratio of a sample from the NIST SRM 997 Tl isotope standard in parts per 10*)
varies from —6. 8 to +14. 8 in earth materials, and from —18. 8 to +29. 7 in meteorites. TI isotope can be used as
a tracer to reveal material transport in low temperature process, depositional processes of marine materials, palaeo-
climate changes, and changes of organic carbon output. Therefore, Tl isotope can be used as a powerful tool in un-
derstanding redox conditions of local depositional environment, biogeochemical cycling of carbon, and geochemical
" evolution of oceans. It is believed that, with further studies of the thallium isotope fractionation mechanism, thalli-
um isotopes will be applied widely in earth and environmental sciences,
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Table 2 Variation of Tl isotopic compositions in geology and environment samples
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Fig.1 Flow-chart illustrating the column chemistry

procedure for the separation of thallium from samples

HHFHGES TR EERAREE&ES T
ULREH B 4 £, X VT B BB AT AR Y £ TIVY

MK 55 Ma 3| 45 Ma {iJ5 B EREEH, TIFH
MRERRAE S5 S FIOLEK AR H B REE, W
EBRAVRTSH N SBE R N Ry E KR
FRHBRE SRR, WR/RKES MK
BEEN TIRMNEHARMARA . TIRMER
AR R/RFESHEH 5ANBRE MEFA#
TEFXIASBEPARGE N BV RCERNSE
R. REFET EHX TIRNRMEMTIEEE
BB N . 5 R B KAR s, FH BB
7= BK BB E 0. 1~3. 6°C, X H KR
FEBRE THEREBARERT K S Mg f
Sr/*Sr WX M EWEY . BEKRILRYRAL
BRH TIRMEEMETERES A ARBETH TIYR
FTEA KD, H A TI R AL E 4348 B % & 4 AR
MEET. 60~25 Ma S RRAEKEREEREA
SO T MR K SR AF L REMY B RMEA
HIESARMEH pH HEREIH—-B. AERM
REWEFIBY S TIRMEARGFEREANE
RORETIEY SO TIE/NMF— 1.5, MAAILRY
SUTIHHERKTF 2. 4, BENBY ERBRES M
T1 [6l {7 & 4 R AHRL, °T RE R AT A L FE 8 T1 R IE
ZHL B3k A AL TFEIAER P TR A& R
PRI T IR B R A TR R R 318, BT RE R AU
BYRHABLEEKALYN -8, EREFET,. A
A BESENYIE R, T B 4 S/ s B R T LLR
BRENEY Tl AR REHIEDY,

OERFE T YRR TP f T iR
BETHHEYETBRSEEXKRELE S E,
XPRE-EEEE TI YR IRY 9 aMmE
P ESENRERETSEAE TIHMES
BRI TIRAEERARMER A BAXHER
DA BRI B T Y R AL 1 T1 A ERR
MR R EAENR, I 0 A FERbEM
AR MRS,

HKe TLEEAR 6 ng/L, T3 HEE
BR(—6.8~0.0),FHAR—2.5", wKeg Tl
MAREEREIRESFH TIRNERERKER
BEHE. fERFERREAARE DL TI RHA SRR BT
AL (BER R R B B M R AL R BRI, K
ER LM RBREMBES RE TINER,
BEAA MBI TR A3 H AL 55 HHE W e RAFE
FABRARKAT =4 TI R RSB, BERES
B TIRMESEHANEA TIRNEREES
HEREWIRIFENAER FARRIEEEER.



T YA AR R 315

57, and Fe-58) in submicrogram quantities of iron[]J]. Analyt-

ical Chemistry, 1993, 65 (15):2125—2130.

4 % i

“H

Fﬁﬁ%ﬁf}f Tl ﬁﬁ%ﬁﬁmﬁ&* H{]iﬂ[iﬁ*ﬂ [10] Marechal C -N, ‘Telou.k P, Alb'a‘rede F. Precise analysis of
copper and zinc isotopic compositions by plasma-source mass

%% » Tl I’_E‘J ﬁz ? E %f 3 'fﬁﬁ # iﬁ'ﬂ: BAGERY Dﬁ: spectrometry[ J]. Chemical Geology, 1999, 156(1—4) ;251

BREHR P ER T HAEBE. EWHTILERE —273.

Bﬂ‘%ﬁmﬁ ﬁ{]ﬁ[ HE ’E'ﬂ: IR %%?& ‘]:ffi fﬁ:ﬁ:ﬂ% BT [11] Rehkamper M, Schonbachler M, Stirling C H. Multiple col-

SR EEETE [P (oL }Eﬁg % . R, T e lector ICP-MS: Introduction to instrumentation, measure-

£ jﬁ 5 g % 'ﬂ_’, e ':F‘ FiE % 'ﬂ"—‘ HF E(J ﬁ 'ﬁ‘[: % 5:}’ i ment techniques and analytical capabilities[J]. Geostandards

Newsletter—The Journal of Geostandards and Geoanalysis,

BN A TERE , T X e b3 69 ) B9 4 A B F T1 4L 2001, 25(1,23—40.

%rﬁmrﬁ :j:i/n\i"lj Ti Eg&ﬂéﬁ%ﬂ%gﬁ%% T4 [12] Russel W A, Papanastassiou D A, Tombrello T A. Ca iso-

VIR TE R SRR E. BED R ITE tope fractionation on the Earth and other Solar System mate-

MdE—E %A, TI [ﬁ].ﬁzi;}%ﬁ'ﬁj‘ﬁgﬁiﬁﬂ@ﬁs ﬂ:jﬁ rials[J]. Geochimica et Cosmochimica Acta, 1978, 42:1075

FHEBIFE b i — R B IR B S F B 109

f13] Hart SR, Zindler A. Isotope fractionation laws: A test using
calcium[J]. International Journal of Mass Spectrometry. Ion

B OB AXHFHTERFEELFR Mark Processes, 1989, 89.287—301.
Rehkimper ‘)ﬁ- +HIE, £ b”ﬁi%@iﬂ% ! [14] Baker J, Waight T, Meycen C. Pb isotopic analysis of stand-
ards and samples using a 2°7 Pb-2**Pb double spike and thalli-
é}%iﬁ (References) : um to correct for mass bias with a double focusing MC-ICP-

{1] Shaw D M. The geochemistry of thallium[]J]. Geochim. Cos- MS[J]. Chemical Geology, 2004, 211:275—303.
mochim. Acta, 1952, 2(2):118—154. [15] Rehkamper M, Frank M, Hein J R, Porcelli D, Halliday A,

[2] Taylor SR, McLennan S M. The continental crust; its com- Ingri J, Liebetrau V. Thallium isotope variations in seawater
position and evolution; an examination of the geochemical re- and hydrogenetic, diagenetic, and hydrothermal ferromanga-
cord preserved in sedimentary rocks{ M]. Oxford: Blackwell nese deposits[I]. Earth Planet. Sci. Lett., 2002, 197(1—
Scientific Publishing, 1985. 2:65—81.

[3] Johnson C M, Beard BL, Roden E E, Newman D K. Nealson (161 Rehkiamper M, Frank M, Hein J R, Halliday A. Cenozoic
K H. Isotopic constraints on biogeochemical cycling of Fe[J]. marine geochemistry of thallium deduced from isotopic studies
Reviews in Mineralogy and Geochemistry, 2004, 55: 359 — of ferromanganese crusts and pelagic sediments[J]. Earth
408. Planet. Sci. Lett. , 2004, 219(1—2):77—91.

[4] Rehkimper M, Halliday A N. The precise measurement of T1 [17] Nielsen S G, Rehkamper M, Teagle D A H, Alt J C, Butter-
isotopic compositions by MC-ICPMS; Application to the analy~ field D A, Halliday A N. Hydrothermalfluidfluxes calculated
sis of geological materials and meteorites[J]. Geochimica et from the isotopic mass balance of thallium in the ocean crust
Cosmochimica Acta, 1999, 63(6) :935—944. [J]. Earth Planet. Sci. Lett., 2006, 251:120—133.

[5] Dunstan L P, Gramlich ] W, Barnes 1 L, Purdy W C. Abso- (18] Nielsen S G, Rehkamper M, Porcelli D, Andersson P S,
lute isotopic abundance and the atomic weight of a reference Halliday A N, Swarzenski P W, Latkoczy C, Ginther D.
sample of thallium[J]. Journal of Research of the National Bu- The thallium isotope composition of the upper continental
reau of Standards, 1980, 85.1—10. crust and rivers-an investigation of the continental sources of

[6] Arden] W. Distribution of lead and thallium in the matrix of dissolved marine thallium[J]. Geochim. Cosmochim. Acta,
the Allende meteorite and the extent of terrestrial lead contam- 2005, 69(8):2007—2019.
ination in chondrites[J]. Earth Planet. Sci. Lett. , 1983, 62. [19] Nielsen S G, Rehkimper M, Halliday A N. Large thallium i-
395—406. sotopic variations in iron meteorites and evidence for lead-205

[7] Arden ] W. Electrochemical separation and isotopic determina- in the early solar system[J]. Geochim. Cosmochim. Acta,
tion of thallium at the nanogram level by surface ionisation 2006, 70(10) :2643—2657.
mass spectrometry[J]. Analytica Chimica Acta, 1983, 148: [20] Nielsen S G, Rehkamper M, Brandon A D, Norman M D,
211—223. Turner S, O’Reilly S Y. Thallium isotopes in Iceland and A-

[8] Nielsen S G, Rehkamper M, Baker J, Halliday A N. The pre- zores lavas-implications for the role of altered crust and man-
cise and accurate determination of thallium isotope composi- tle geochemistry[J]. Farth Planet. Sci. Lett., 2007, 264:
tions and concentrations for water samples by MC-ICPMS[J]. 332—345.

Chemical Geology, 2004, 204(1—2).109—124. [21] Nielsen S G, Mar-Gerrison S, Gannoun A, La,Rowe D, Kl-

[9] Dixon P R, Perrin R E, Rokop D J, Maeck R, Janecky D R,

Banar J P. Measurement of iron isotopes (Fe-54, Fe-56, Fe-

emm V, Halliday A N, Burton K W, Hein ] R. Thallium i-

sotope evidence for a permanent increase in marine organic



316

[22]

[23]

[24]

[25]

[26]

[27]

W2/ ERALR BRI R

carbon export in the early Eocene{J]. Earth Planet. Sci.
Lett. , 2009, 278(3—4).:297—307.

Iskowitz I M, Lee ] H, Zeitlin H. Determination of thallium
in deep-sea ferromanganese nodules [J]. Marine Mining,
1982, 3.285—295,

Ahrens I H, Willis J] P, Qosthuizen C O. Further observa-
tions on the composition of manganese nodules with particular
reference to some of the rarer elements[J]. Geochim. Cos-
mochim. Acta, 1967, 31:2169—2180.

Savenko V S. Physicochemical state of thallium(I) and thalli-
um(m) in seawater [ J]. Geochemistry International, 2001,
39.88—91.

Schauble E A. Role of nuclear volume in driving equilibrium
stable isotope fractionation of mercury, thallium, and other
very heavy elements [ J]. Geochimi. Cosmochim. Acta,
2007, 71.2170—21889.

Batley G E, Florence T M. Determination of thallium in nat-
ural waters by anodic stripping voltammetry[J]. Electroana-
Iytical Chemistry and Interfacial Electrochemistry, 1975, 61.
205—211.

Schedlbauer O F, Heumann K G. Biomethylation of thalli-
umby bacteria and first determination of biogenic dimethyl-
thallium in the Ocean[J]. Applied Organometallic Chemis-
try, 2000, 14.:330—340.

[28]

[29]

[30]

[313

[32]

{33]

[34]

Koschinsky A, Hein J R, Uptake of elements from sea-water
by ferromanganese crusts: Solid-phase associations and sea-
water speciation[J], Marine Geology, 2003, 198:331—351.
Bidoglio G, Gibson P N, Ogorman M, Roberts K J. X-Ray-
absorption spectroscopy investigation of surface redox trans-
formations of thallium and chromium on colloidal mineral ox-
ides{ J]. Geochim. Cosmochim. Acta, 1993, 57, 2389 —
2394,

Nielsen S G, Peacock C L, Halliday A N. Investigation of
Thallium isotope fractionation during sorption to Mn oxides
[J]. Geochim. Cosmochim. Acta, 2008, 72:A681— A681.
Zachos J, Pagani M, Sloan L, Thomas E, Billups K. Trends,
rhythms, and aberrations in global climate 65 Ma to present
[J]. Science, 2001, 292.686—693.

Rehkamper M, Nielsen S G. The mass balance of dissolved
thallium in the oceans[J]. Marine Chemistry, 2004, 85:125
—139.

Rehkamper M, Nielsen S. G, Teagle D A H, Alt J C, But-
terfield D A. Thallium isotope constraints on the water fluxes
of ridge flank hydrothermal systems[C]. Geochim. Cosmo-
chim. Acta, 2006, 70(18): A524— A524.

Pearson P N, Palmer M R. Atmospheric carbon dioxide con-
centrations over the past 60 million years[J]. Nature, 2000,

406:695—699.

(L85 310 |)

[56]

[57]

cadmium in vegetable[J]. Journal of Guangxi agriculture Uni-
versity,1997,16(2) : 129—132. (in Chinese with English ab-
stract)

B&EH. TEH. KFERILEN IR RIER & RERTH
ML) FEREER, 29(2).312—-317.

Chen Chunyu, Wang Dingyong. Effect of dissolved organic
matter on adsorption of mercury by soils and sediment [ J].
Acta Scientiae Circumstantiae, 2009, 29(2): 312—317. (in
Chinese with English abstract)

HEE. KRR, 5. BRpESRE P KEEE AN
BRI, %2R, 2002,22(2) ;259 —269.

Huang Zechun, Chen Tongbin, Lei Mei. Environmental
effects of dissolved organic matters in terrestrial ecosystems:
A review [J]. Acta Ecologica Sinica, 2002, 22(2): 259 —

[58]

[59]

269. (in Chinese with English abstract)

BEL, REWE, THE, T4, KR%E IRBEREGH
BREHERRMEOTFRHERIT]. £58 %, 2007,26(1).
88—92.

Guo Xingmei, Wu Honghai, Wang Weiwei, Zeng Dingcai,
Lin Yiying. Advances on research of dissolved organic matter
and its surface reactivity in soils [J]. Ecologic Science, 2007,
26(1): 88—92. (in Chinese with English abstract)

BEH, MG, BEIE, %8, RBE. KBEFNEN LT
BRI EwL)]). ML, 2007,18(2):431—435.
Xiong Wei, Ling Wanting, Gao Yanzheng, Li Qiuling, Dai
Jingyu. Effects of dissolved organic matter on phenanthrene
adsorption by soil [J]. Chinese Journal of Applied Ecology,
2007, 18(2): 431—435. (in Chinese with English abstract)



