


Proposal for consensus 87S r/86S r values for r e f e r e n c e samples
NBS-987 and S r . (E & A )

Kawashita , K . l ; Pinto, M.S . 2 ; Soa res , E. 2 & Marques, F . 2

1 I n stituto de Geo c i ênc ias - Universidade d e São Paul o, Brasil
2 Universidade de Aveiro, Portugal

A c onsensus value f o r n o rma l i z e d 87Sr/ 86Sr in NBS-987 s t r ontium carb onat e h as
n o t yet been ach i e v e d , contr a ry t o what h appene d with SrN (E & A) , e s t abl ished as one
of the f i r s t reference s amples f or Rb/Sr studies . Some l abora t o r ies h a v e u sed t he
provisional v alue of 0 . 7101 4 s uggested by NI ST (ex -NBS ) f o r t he 87Sr /86Sr r a ti o ,
while othe r s hav e used v a l u e s a s high a s 0 . 7 1031 . Cons ensus v a lues for both r e f e r e n c e
samples a r e critica I f or s t udies r equirin g exac t and verypr ecise determinations , a s
in the case of chemos t r a t i graph y . Based o n r e c e n t dyn a mic mul ti c ol l e c t i o n mo d e
determinations the v alues o f 0 .710 25 and 0 . 7080 2 f o r t h i s r ati o a re p r o p osed a s
consensus v a l ues for NBS-987 and Sr" (E & A) respectively .

Ad j u s t i n g of publish e d 87Sr/86Sr r e sul t s in s eawa te r and i n mode r n b iogenic
marine carbonates i s u s e d i n e valuating the c ons i s t e ncy a nd ade qua c y o f t he p res e n t
proposal .

Introduction

Accur ate a nd precise 87Sr / 86Sr rat ios in marin e carbonates, specially f rom the
Tertiary, are o f f undame n tal s igni f icance in c hemostratigraphic s tudies and abs o l ute
dating purposes . Although these rat ios are c o r r e c ted i nter nally f or fra c t i onation
effects , they c ould b e a ffected by systemat i c internal ins trumenta l erro r s . Amo n g
these e rrors c ould b e i nc l u d e d f ac t ors l i nked t o r elative collec t o r gains, i o n i c
t ransmi s sion , and wi th minor e ff ect, t o plating o f Faraday cups (" c u p effec ts") i n
mult ico l lector mass s pec t r omete rs. The in t e rna l error f o r a s i n g le ana l ysi s is
usua l l y ca . 0 .002%, +/ - 0 .000014 f or a referenc e sampl e as NBS-9 87 str ont ium carbonate .
Such e r ror , may not be rea l because o f factors ment i oned abov e, b e s i des t h e erro r s
qual if ied as e x ter nal o r inherent to t he a nal ysed n a tura l s amp l e. Thus, t he ma s s
spectrometer must be c al i b rated a dequa t ely a nd c hecked using an interl a b o r atoria l
reference sample , such a s Ei me r a nd Amen d SrCO) (Sr ll (E&A] or a we ll known NBS- 9 87
SrCO) from NIST (ex-NBS) . Alternatively s eawa t e r stron t i um or modern marine s h el l s
can b e used, for which a va l u e I of 0 .70907+ / -0 .000004 (la ) i s r e c ommend e d, a s s uming
0 .71 014 for NBS-987 SrCO) . Unfortunatel l y, t his prov i s i onal v a lue for t h i s r eferenc e
sample is known n o t t o b e t h e most probabl e v a l u e , as a c ons equenc e o f t h e u s e o f
mode m mu lticol lector instruments .

87Sr/86Sr Ratios on Reference Sarnples NBS-987 and Sr.(E&A)

ln Table 1 87Sr /86Sr n ormalize d r e s u l t s ob t a i n e d on NBS-9 87 c arbo n a t e from f i v e
different laboratories are p resented , inc l uding three obt ained by dynamic mul t i c o l l ect i on
technique . As a d v o c a t e d by VG, in t h is t echni que "the individual gain facto r s a n d
other characteristics of the collector channel s cancel ou t of the c a lcu l a t i ons a n d
produce the ultimate in externa1 precision" .
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Ta bl e 1· Some of the 87Sr /86 S r r e sul t s obtained i n NBS- 9 87 SrCOJ

InstrumenV Ana lysis Number 01 (87SrJ"6Sr)n Error (10) ReI.:

Laboratorv Mode a na lysis
VG-Seclor/ Dyn. multic. 8 0.710250 0.000007
Aveiro-94
VG-Sector/ Dyn.multic. 8 0.710242 0.000002
Aveiro-95
VG-Sec lor/ Dyn.multic. 57 0.710249 0.000011 2
Fisons Inst.
VG-Sec torf Stat. multic. 15 0.710272 0.000006 2
Fisons Inst.
Nier(LunaticllCaltech s inqle colleclor ? 0.7103 1 ? 3
VG-354/CPG eo Singre collector 81 0.710261 0.000026
MAT-261/NrST s la t.multic. 85 0.710240 0.0000 11 4
Sh ields/NIST sinete collec tor 24 0.71014 - 5

Arno n g t h e s e r e sul t s , the mo s t s i gni f i c a t ive i s 0 .71 0 2 49 + /-0 . 00 0011 ( l G ) wh i c h
wa s o b t a i n e d i n 57 separa t ed l o a d ing s 2 . The two r e s u l ts from Av eiro o b t a i ned als o by
d ynami c mu l t i c o l l e c t i o n mod e agree wi t h i n e xpe r i ment al e r rors, whereas t he others a re
in a bro ad range between 0. 7 1 0 1 4 t o 0. 7 103 1 , stress i n g possib le i n t erna l errors .
Ba s e d mainly o n t h e dynam i c mul t icol l ect ion d ata , a consensu s va lue o f 0 .7102 5 i s
p r opos e d .

ln Ta b l e 2 r e s ul t s f or six s e p a ra te l oad i n g s of t h e salt Sr . (E&A) , u s e d until
the l a s t d e c a d e, a re shown . The u s ers of t h is s a l t a dop ted 0 .7080 as the most probable

value f or 87S r /86S r . The average o f 0 . 7 0 8 0 1 3 +/ - 0 . 0 0 0 0 0 5 ( l G ) o b t a i n e d a t Avei r o
c onf i rms the adopted value . The r e spe ct i v e a d j u s t e d v a l u e fo r 0 . 7 1 025 , s u gg e s ted f or
NBS - 9 87 , i s 0 .708 0 2 .

Tabl e 2 : Th e 87Sr/ 86S r res ults obt ained in S r . ( E & A ) with VG-Se c tor ma ss
s p e c t r ome t e r and using dynamic mult i c o l lection mo d e

Date (volts) ( ~g)
(87 s r/86Sr) n err or (1 o )

Ap /2 5 /9 5 (3V) - 0. 5 0 . 708017 0.000 011
Ap /28 /9 5 (3V ) - 1 . 0 0. 708006 0.0 00007
Ap /2 8 /95 (2 V) - 1.0 0. 708020 0 .0000 4
Ap /28 /95 (2V) - 1. 0 0. 708007 0 .00000 5
Ap /28 /95 (2V) - 1. 0 0 .708 013 0.0 0 000 4
Ap / 28 / 95 (2V) - 1.0 0.708015 0 . 00 0005
mean (6 ) 0 .708013 0.0 00 00 5
mean (ad justed f o r 0.71025 o n NBS-98 7 0 .708021 0 .00000 5

Adequac y and Consistenc y f or a Co n s e n sual Valu e

While a consen sus valu e for NBS- 987 h a s n o t b een establis hed , we belive t hat a Ll,
s tudi e s i n v olv ing high r e s olution strat i g r aphy based i n 87Sr/86Sr mu st i ndicate the
ratio o b t a i ned o n thi s r eference sample . Thi s i s impor tant, s i n c e whe r e a sample i s
me a sur ed o n a n instrwne n t which yield s a ra t i o o f 0.71031 f or the stand ard , i t wi ll
suff er a r a t i o s hif t o f 0 . 00017 if a provisional s t and a r d v alu e o f 0 . 71014 is used f o r
n o rma l i za tion . This f a c t cou l d explain the reas on why some v e ry pre c i s e ratio s f or
mar ine s trontiwn (Table 3) o r mode m biogeni c c arbonates (Table 4 ) are i n disa g r e ement .

..
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Table 3 : Normalized (n) a n d a d j u s ted (adj) 87Sr/86S r r ati o s fo r NBS-9 87 a nd
Sr. (E & A) respectiv e ly

Loca t i o n C87Sr / 8·Sr)n NBS-98 7 Sr,,(E&A ) ( 8 7Sr / a· Sr ) . d ; N Re f.
Campo s Basin 0 .70 92 3 + / - 3 0.71026 1 - 0,7092 2 +/-3 3
(At1 . )
NE At1. Ocean 0 .70 9187 +/-3 8 0. 710 2 6 - 0 .70917 7+ /-38 2 3 2
(lAPSO )
Cont Sh e lf 0 .70920 - 0 .70800 0. 70 922 1 2
CNE/USA)
Modern s e a 0 . 7 0 91 9 8 + / - 20 0 . 71022 0 . 7080 0 .70922 8+ / 2 0 9 3
wa ter
Pac i f ic Oc e an 0 .7 0917 4 + / - 5 0 .71 024 1 - 0 .709 183+ / - 5 - 4
Arabian Gu1f 0 . 709 11 0 . 710 14 0 .70797 0 .709 22 1 6

As ean be seen, the diserepaneies v irtually disap p e a r after the adjus tmen t. Mos t
of the v a l u e s in marine Sr are in t h e rang e 0 .7 0 91 8 t o 0.709 2 2, whi le i n t he mo d e rn
marine shells we ean e onelude that is e lose to 0 . 7 09 18 whieh i s e on sis ten t with the
I .A .P .S.O . Standard Seawater v a l u e

Table 4: 87Sr/86Sr ratios i n modern earbonate she l l s

Samp1e type C
87 s r / 8 6s r ) n NBS-987 ( 87 s r / 86s r) a d j n Ref.

she ll s & c arb . 0 .7 0907 0+/- 4 0 0.71 01 4 0 . 70918 0+ / - 4 0 41 1
sediments
foraminif e ra 0 .7092 38+ / -29 0 .710 275 0 .70 9213+ /- 29 2 5 5
shel l s 0 .7092 3 4+/- 9 0 .71031 0.709174+ / -9 1 8 3

Igas t ropod shel l 0. 709182+ / -22' - - 1 6

Conclusions

The available 87S r /87 S r ratios on seawa t e r s t r on t ium and on modern marine
earbonate shells demonstrate t h e adequaey and consi s t ene y of e o r r e c ting observed
values adopting 0.71025 for NBS-987 SrC0 3 or 0.7080 2 for SrN (E & A), whieh we a r e
suggesting as consensus values. Adopting t his proeedur e the most probable v a l ue fo r
87Sr / 86Sr in modem marine strontium is 0.70918 8 and resp ee t ive we i g hted s tand a r d

deviation is +/ - 0.000015 (la).
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