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ABSTRACT 

This manual is intended to serve as a guide to the chemical procedures 
involved in Rb-Sr isotopic analysis as conducted at the Institute of 
Nuclear Sciences, Lower Hutt, New Zealand. Included are notes on the 
experimental developments made over the past 2% years, especially those 
involving rock dissolution and cation exchange chromatography. 
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1. INTRODUCTION 
A. Rb-Sr geochemistry 
Rubidium is an alkali netal with an ionic radius (IR = 1.48A0) sufficiently 
similar to that of potassium (IR = 1.33A0) to allow for some substitution in 
K-bearing minerals such as mica, alkali feldspar, clay .and sylvite. The 
main isotopes of Rb are listed in Table 1. 

Table 1: The major nuclides of Rb 

Hass True mass Natural abundance/% Half-life 
83 -
84 
85 84.9117 72.15 
86 -
87 - 27.85 

Strontium is an alkaline earth element with ionic radius (IR = 1.13A 0), 
though slightly larger than that of calcium (IR = 0.99A 0), that allows some 
substitution in Ca-bearing minerals such as plagioclase, apatite, and 
aragonite. The ability of Sr to replace Ca is restricted by the fact that 
2+ 2+ 

Sr ions favour 8-fold co-ordination while Ca can be accommodated in 
both 6-fold and 8-fold lattice sites because of their smaller size. The 
main isotopes of Sr are listed in Table 2. 

Table 2: The major nuclides of Sr 
toss True mass Natural abundance/t Half-life 
82 - - 25d | 
83 - - 32.4h 
84 83.9134 0.56 
85 - - 65.2d 
86 85.9094 9.86 
87 86.9089 7.02 

188 87.9056 82.56 

Average concentrations of Rb, K, Sr and Ca in some selected rocks are 
listed in Table 3. 

83d 
34d 

18.65d 
5xl0 1 0y 
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Table 3: Average concentrations (ppm) of rubidium, 
potassium, strontium and calcium in 
selected rock types (Turekian ft Wedepohl, 1961) 

Rock type Rb K Sr Ca 
Ultrabasic 
Basaltic 

0.2 40 1 25000 Ultrabasic 
Basaltic 30 8300 465 76000 
High Ca granitic no 25200 440 25300 
Low Ca granitic 170 42000 100 5100 
Syenite 110 48000 200 18000 
Shale 140 26600 300 22100 
Sandstone 60 10700 20 39100 
Carbonate 3 2700 610 302300 

The Rb/Sr ratios of common igneous rocks range from about 0.06 in basaltic 
rocks to about 1.74 in granites. During fractional crystallisation of a 
magma body, Sr tends to be concentrated in the early formed calcic plagio-
clase while Rb stays in the liquid phase. Thus the Rb/Sr ratio of the 
residual magma should increase gradually in the course of progressive 
crystallisation. 

B. Geochronology 
87, 87, Rb is radioactive and decays to stable Sr via the following mecha
nism: 

3 7 R b = 3 8 S r + * + * + (> ...(1) 

* (electron) + (neutrino) + (decay energy = 0.275 MeV) 
87 The growth of Sr in a Rb-rich mineral can be described by the equation: 

8 7 S r t = 8 7 S r 0 + 8 7Rb (e U-l) ...(11) 
87, (Amount at time t) » (Initial amount) + (Contribution from Rb) 

86 Dividing by the number of Sr atoms now we obtain 

ft),' ftl * ft)t <*» ...(Hi) 
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where X = decay constant 
= 1.39 x 10" 1 1 yr" 1 (Aldrich et al., 1956) 

or = 1.42 x 1 0 " U yr" 1 (Neumann & Huster, 1974) 
This is the basis of age determinations in the Rb-Sr system. The equation 
is valid only when decay tots taken place in a closed system. An accepted 
value for T^ of 8 7 R b is (5.0 ± 0.2) x 1 0 1 0 years, as obtained by Aldrich 
e t a l . (1956). Recent direct measurements however have given somewhat 
lower values. To solve equation (iii) for t, the concentrations of Rb and 87 86 Sr and the measured Sr/ wSr ratio must be known. For most purposes XRF 
determination of Rb and Sr contents is adequate; the isotope dilution 87 86 method will be discussed later. The Sr/ Sr ratio is measured using a 
pure Sr salt obtained from the rock sample by dissolving it in an acid 
mixture, followed by separation of Sr using cation exchange chromatography. 
The ratio of the concentrations of Rb and Sr is converted into the 
8 7Rb/ 8 6Sr ratio by the following equation: 

8 7Rb _ /Rb, Y Ab 8 7Rb-WSr . . . 
^ " { ^ ) c X A b ^ s 7 i i i b " - ( , V ) 

87 
(number of atoms = (ratio of the concentrations x Atomic abundance Rb 

now) of the elements) Atomic abundance Sr 

x atomic weight Sr 
atomic weight Rb 

86 The abundance of Sr and the atomic weight both depend on the abundance 87 of Sr and must therefore be calculated for each sample. The appropriate 
value for ( Sr/ Sr) depends on the rock type of the sample though its 
assumed value becomes less important if the sample is greatly enriched . 87. in Sr. 

Re-arranging (iv) allows for direct calculation of t if a value for 
( 8 7 S r / 8 6 S r ) , s a s s u i n e d 

^ [ ^ f i s C r * * + ] -<v) 
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More accurate ages for igneous rocks can be achieved by plotting infor
mation on an isochron diagram (FIG 1). 

If the strontium in a magma remains isotopically homogeneous throughout 
the cooling period it may be assumed that all the diverse rocks and com-
stituent minerals formed from the magma will have the same initial 

As shown in Fig. 1, 87 86 
Sr/ Sr ratio though probably different Rb/Sr ratios. 

these rocks (and minerals) will plot on a straight line in co-ordinates 
of ^Sr/^Sr (y) and ^Rb/^Sr (x) defining a slope e X t - l and y intercept 

87 86 equal to the initial value of Sr/ Sr. To define the best possible 
isochron, a wide range of Rb/Sr ratios mus*t be sought. 

87, Sr 
86 Sr 

^Rb/^Sr 

Fig. 1: Rb-Sr isochron diagram showing the time 
dependent isotopic evolution of rock systems 
after their crystallisation from a homogeneous 
magma. ?% and f*2 may be plagioclase and 
biotite separates respectively from a whole 
rock R 2-

87 86 C Sr/ Sr as a petrogenetic tool 
The isotopic evolution of strontium began about 4.6 billion years ago 

87 86 
with the primordial ° Sr/ Sr ratio of about 0.699. The subsequent evo
lution of Sr in the earth has taken place at differing rates in the 
continental crust and the upper mantle. The more slowly evolved upper 87 86 mantle is isotopically heterogeneous within the narrow range of Sr/ Sr 
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0.704 ± 0.002. Greater values are noted for continental rocks which have 
substantially higher Rb/Sr ratios. 

Plate tectonics provides a rational framework for volcanic activity within 
the ocean basins and along continental margins and island arcs. Systematic 

87 86 variations of Sr/ Sr ratios and chemical compositions of volcanic rocks 
give clues to the sources of magmas and to their subsequent chemical and 

87 86 isotopic evolution. The Sr/ Sr ratios of volcanic rocks extruded 
through the continental crust are more variable than those in the ocean 
basins and are generally higher. This is due in many cases to interaction 
of (mantle derived) magmas with older continental crust or generation of 

87 86 magmas in the base of that crust. The Sr/ Sr of the world's oceans 
is 0.7090 and analyses of marine carbonates indicate that this has varied 

87 86 systematically since the Cambrian. The Sr/ Sr ratio has been recently 
extensively used in conjunction with oxygen , Nd-Sm and Pb isotope 
systematics for a wide range of geochemical problems. 

The strontium isotonic composition of a rock may be readily changed by 
both low grade and high grade metamorphic events and also hydrothermal 
alteration. During the latter, Sr and Rb may both be exchanged with hydro-
thermal fluids and dramatic shifts in the real isochron can result. In 
certain circumstances, low grade metamorphic events (prehnite-pumpellyite 
or even zeolite facies) can regionally homogenise the Rb-Sr systematics 
of rocks and produce a new isochron. 
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2. CLEAN LABORATORY PROCEDURES (after tLH. Heald, 1977) 
A) LAYOUT. The Rb-Sr laboratories at INS consist of four rooms; an 
anteroom which 1s used as an office and as a rough airlock for the other 
rooms; a reagent preparation room where acids are stored and distilled and 
potassium flame photometry is carried out for K-Ar dating; and two clean 
rooms (Fig. 2). Of these latter two rooms* the U-Pb room is considered 
to be the cleaner and entry can only be made through the less clean 
Rb-Sr room. 

The Rb-Sr room is fitted with clean work areas where the room air is 
filtered and recirculated through cubicles. The U-Pb room also has this 
type of clean work place but in addition has two modules where the air 
after passing through the work area is exhausted to the atmosphere. These 
units are referred to as ECAM's (exhausting clean air modules) and are 
used primarily for rock dissolution. One ECAM is lined with PTFE and 
serviced with a duct of PVC fitted with nozzles so that its inside surface 
may be continually sprayed with water. Such is the danger of perchloric 
acid vapour (see later section), that this acid must only be used and 
stored in this area. The second ECAM is constructed of the cheaper fabric 
polypropylene which, though resistant to other inorganic acids, is not 
suitable for use with perchloric. 
NOTE: Polypropylene cannot withstand hot concentrated acids for long 
periods and is unflammable. It is also the material used to construct 
the sinks, benches and drains. 

The ventilation system is designed such that the clean rooms are pressurised 
to prevent unfiltered air from entering via the doorways. Thus the HEPA 
(high efficiency particulate air) filters in the clean work areas perform 
with peak efficiency on already partially filtered air. The air speed at 
the open face of the fume hood and downwards through the clean work area 
is arranged to be 0.457 m/s. Air is drawn from the outside corridor 
through a fibreglass pre-f1lter, is then filtered by a good quality filter 
and delivered via a plenum and fibreglass filter to the U-Pb room. This 
air in the U-Pb room is above atmospheric pressure and leaves partly to 
the Rb-Sr room (through perforations in the door) and partly through the 
ECAMs and their duct to atmosphere. 
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The air path from the Rb-Sr room is through an adjustable aperture in the 
door to the anteroom and from there through a fibreglass f i l ter to a duct 
communicating with the corridor. The anteroom air is thus kept at a 
pressure slightly above atmosphere and the adjustable aperture is set so 
that the pressure in the U-Pb room forces the proper air flow through 
the ECAM duct. With both ECAMs in operation, two-thirds of the air passes 
out ths ECAM ducts and the rest through the Rb-Sr room and anteroom. 

Air for the reagent preparation room is drawn from the corridor duct in 
the anteroom through a f i l ter and exhausted through the fume hood to the 
outside. I t is so designed that only the reagent preparation room is below 
atmospheric pressure ensuring that no unfiltered air (including acid 
fumes) may enter the clean rooms. 

585 Ducts to Atmosphen? 

/ t \ Corridor 

Silencer 

2 Stage 
Fort 

Fig. 2: Layout of the Rb-Sr laboratories at INS. Included 
is the detail of the ventilation system (.air movements 
shown by arrows with flow rate as mfm (in /minute). 
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The following procedure when using the clean rooms ensures the maintenance 
of the above ventilation system and should be adhered to at al l times. 

When evaporating in one of the ECAMs: 

1. Turn on ECAM dcwndraft. 
2. Turn on water for duct and fume hood. 
3. Turn on clean air system in anteroom. 
4. Close the door between the anteroom and the Rb-Sr lab. and that 

between the Rb-Sr and U-Pb labs. 

NOTE: The emergency door between the Rb-Sr lab. and the corridor should 
not be regularly used as i t will break the filtered air cycle. Special 
(clean) footwear should ideally be worn when entering the clean rooms to 
reduce the atmospheric blank contribution from dust particles (se>: 
section 6). 

I t must be noted at this juncture that sloppy adherence to the above 
procedures has had a devastating effect on various parts of the clean rooms 
apparatus during the two years of regular use that they have had. 

All the stainless steel and aluminium parts in the clean rooms have been 
severely attacked by acid fumes liberated into the clean rooms when ad
joining doors have been opened or the ventilation system inadvertently 
turned off. Though the corroded parts will have to be replaced, i t appears 
that the ECAM design should be modified in some way to avoid the sudden 
out-draft of perchloric and hydrofluoric acid fumes which accompanies 
movement between rooms. Otherwise the system appears to perform well to 
its original specifications. 
B ) HANDLING HF (from National Health Institute, 1966) 

Hydrofluoric acid is the prime acid used in the breakdown of silicates and 
is thus indispensible to the dissolution of rock samples (see section 3). 
Though in other ways i t is a weak add, i t does cause severe burns and 
strong solutions splashed on the skin produce a progressive and extremely 
painful necrosis of the tissues down to and including the bone. The acid 
used for Rb-Sr analys.s is Analar 40% HF. Such solutions of under 60% 
strength act after a latent period and 10% solutions, i f quickly and 
thoroughly washed off may do no damage. 
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Where HF Is handled, the skin and eyes must be protected by the wearing 
of safety clothing, gloves and goggles. Eye wash baths of 5% NaHCO^ 
(aqueous) should be provided within easy reach. 

In view of the latent period and absence of immediate effects where 
solutions of less than 60S are concerned, all suspected cases of skin con
tamination with hydrofluoric acid should be treated as if they were actual 
cases. All acid burns and areas which may have been in contact with the 
acid should be flooded with water and cleansed with sodium bicarbonate (NaHCO^). 
Immersion of the wound for 10-15 min. in NaHCO, should be followed by 
application of a burn paste of 1-part light MgO + 1%-parts glycerin, gently 
rubbed into the affected areas. A pressure dressing should then be 
applied and a doctor seen. 

It is recommended that a sterile 10% solution of calcium gluconate is 
injected into and under the burn in sufficient quantity to raise a weal 
under the entire burned area. The bum paste and dressing should be re
applied daily for five days. The calcium gluconate rapidly controls the 
spread of necrosis and relieves the pain. With ioediate treatment, burns 
heal in a few weeks, otherwise it may take months. Eye burns are treated 
in the same way by copious water washing followed by the 5% bicarbonate 
solution. A 1% solution of calcium gluconate may be injected subcon
junctival ly. 
C) HANDLING HC10 4 (from: Handbook of Laboratory Safety, 1971) 
The hazard potential of perchloric acid (HC10-) was amply demonstrated in 
a Los Angeles factory in 1947 when a mixture of HC10. and acetic anhydride 
exploded, killing 15 and Injuring 400. Though an extreme case, many 
other explosions and fires have been caused by careless use of this 
chemical. 
Perchloric acid is available as 70-72% by weight (Analar/Aristar) and 
60% HC10 4. It is a water-white liquid, is odourless and has a boiling 
point of 203°C. 
Cold HC10 4 of 70% or weaker has no significant oxidising power but this 
increases rapidly with further concentration. Acid of 73% gives off fumes 
in dry air and the monohydrate at 85% HC10* is a solid and an extremely 
good oxidiser at room temperature. Hot strong perchloric acid solutions 
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(>160°C) act as exceedingly powerful oxidising agents as well as being 
strong dehydrating agents. Thus, contact with combustible material at 
elevated temperatures will cause either a fire or an explosive reaction. 
The hazards of perchloric acid in the lab. maty be summarised as follows: 
1. As a strong acid, contact with skin, eyes or respiratory tract will 
cause severe bums. 
2. Aqueous HC10. can cause violent explosions if misused or in concen
trations greater than normal strength. 
3. Anhydrous HC10. is unstable even at room temperatures and ultimately 
decomposes spontaneously with violent explosion. Contact with any oxidi
sable material will cause an immediate explosive reaction. Material such 
as wood, sawdust, paper, cotton waste, rags, grease, oil and most 
organic compounds when contaminated with HC10. are highly flammable and 
dangerous. Such materials may explode on heating, in contact with flame, 
by impact or friction and may simply ignite spontaneously. 
It is pertinent to note here that it is the velocity of decomposition that 
governs the explosiveness of a reaction; the power being proportional to 
the pressure of the gases so produced. When the temperature of explosion 
is several thousand degrees centigrade, the power of the explosion is 
increased further by the thermal expansion of gases. When considering the 
hazards involved in the use of perchloric acid this point should be 
clearly recognised: many of the reported serious laboratory accidents 
involved only small amounts (<lg) of reactant. 
The following materials are compatible with and resistant to 72% perchloric 
acid; anything else should be considered a potential hazard in the 
presence of HC10.: 

Gum rubber Polyvinyl chloride Glass 
Teflon Glass lined steel 

Tantalum Polyethylene Alumina 
Titanium Polypropylene Carbon and graphite 
Zirconium Epoxies 
Columbium 

Perchloric acid should only be handled in a masonry building with vinyl 
or tile covered concrete floors. Bolts screwed into the floor provide 
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the location for perchlorates to form and should be avoided. Benches, 
shelves and fume hoods should be of metal or plastic and easily washable. 
The maximum advisable amount of perchloric acid stored in the main labora
tory should be no mo e than 15 x 450 g bottles. Storage should be in a 
fume hood set aside for HC10 4 use only. The acid should be inspected 
monthly for discolouration; if any is noted then the acid should be dis
carded. 
When handling 72% HC10 4: 
1. Use goggles for eye protection. 
2. Always transfer acid over a sink to catch any spills and to afford a 
ready means of disposal. 
3. In wet combustions, treat the sample first with nitric acid to 
destroy any readily oxidisable matter (see section 3). 
4. Any procedure involving the heating of HC10. must be conducted in the 
recommended ventilation hood (ECAM). 
5. Don't store any organic materials in the perchloric acid hood. 
6. Do not let HC10, come into contact with strong dehydrating agents, 
such as cone. H^SO- or anhydrous Po^c-
Spills of HC10, should not be mopped up. The acid should first be neutral
ised and then soaked up with paper towels - these contaminated towels 
should be kept wet to prevent combustion upon drying. They should be 
placed in a plastic bag and sealed and then placed in a flammable waste 
disposal can. If the spill can be rinsed down a chemical drain, neutrali
sation of the wetted area is recommended, followed by additional rinsing. A 
small amount of perchloric acid can be dumped into a sink and flushed down 
with at least 10 times its volume of water. 

D) HANDLING RADIOISOTOPES (after Faires & Oakes, 1960) 
A nuclide or radioactive isotope (radioisotope) of an element is 

inherently unstable. The nuclide must necessarily undergo a random re
arrangement of the nucleus during which process energy is given out in the 
form of particles and radiation. The disintegration may be of one of the 
following types (or combination thereof). 
(1) a emission §£• 2 2 6 R a 8 8 K a •¥ 2 8 > + 2 H e 

(11) 6" emission e£. 1 4C • * • 
U

7H+ r 

(1fi) 6 + emission 
(iv) 6 emission ia- 198 A u • * 1 9 8Hg • + R- + 6 
(v) Electron capture. 
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The disintegration scheme of a nuclide is important In 
ilations of dose rates 

below (see section IV (D)). 
calculations of dose rates ; those for Sr, Rb, Ca are given 

85,. 5 S r t B" * ^Rb 3 7 K D + 6" 

> - > + B" + 6 m m m 

2 7 C a - 8* + B" + « -*• 4 7 T 1 2 5 T 1 + B + 6 

3 The dose rate is given as units of energy per cm per second; expressed 
as MeV absorbed per cm path (rad/hr), the dose rate can be calculated for 
any nuclide. 

Where beta rays are the dominant particle type emitted from a source, 
2 shielding is important. For ga.nna rays, the flux is proportional to 1/D 

so the important consideration Is distance from the source. 
Some general rules to observe when handling radioisotopes are: 

(i) Ensure that the source is effectively shielded. 
(ii) Handle the material with specially designed gloves and tongs. 
(iii) Transfer all solutions over plastic trays. 
(iv) Check and monitor the activity with a counter at all times. 
(v) Keep food out of the work area and wash hands andecposed body 

thoroughly afterwards, 
(vl) Store the radioactive material in an Improved location, 
(vii)Report all spills to an appropriate authority. 
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3. ROCK DISSOLUTION 

Because only very small (<100 mg) quantities of rock powder are used in 
Rb-Sr isotopic analysis, great care must be taken to ensure that a sample 
is homogeneous and representative of the overall rock composition. Specimens 
selected for analysis therefore should contain a minimum of internal conta
minants such as xenoliths or alteration products and be crushed very fine. 
Storage should be in teflon or polypropylene. 

The weight of sample required for an isotopic analysis depends on the 
strontium content of the rock (or mineral); this information should ideally 
be known in advance (XRF data is adequate). For isotope assay analysis 
87 86 ( Sr/ Sr is of final interest) it is not necessary to know the exact 

weight of sample; about 50-100 mg is sufficient for rocks with between 200 
and 300 ppm Sr. For isotope dilution analysis however, careful measurement 
of both the weight of sample and the weight of added spike is required. 
The quantity of spike to use depends on calibration of the spike solution 
(see p.40) and also on the desirability to obtain similar peak heights for 
84 86 

Sr and Sr. A rough guide to sample and spike weights for a number of 
selected rocks is given in Table 4. 

Table 4: A guide to sample and spike weights for selected rocks 
with varying Sr contents. The spike concentration is 
2.141 ppm w S r (99* pure).* For very low Sr contents 
i t may be necessary to greatly increase sample size 
and dilute the spike for convenience. 

ROCK ppm Sr we ight sample weight sp ike 
/mg /mg 

DUNITE 0.50 500 10* 
BASALT 450 50 1000 
SYENITE 200 75 750 
GRANITE 100 100 500 
SHALE 300 50 750 
SANDSTONE 20 200 200 
CARBONATE 600 50 1500 
GREYWACKE 450 50 1000 
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A number of alternative methods of rock dissolution for Rb-Sr iso topic 
analysis are currently used: The Oxford method (used by Or C.J. Adams, 
1967, and used initially at INS) fails to consistently produce complete 
dissolution of particularly refractory samples. The modifications made 
(revised INS method) have produced a distinct improvement in this area of 
sample preparation while apparently having no detrimental side effects. 

The addition of HC10 4, while being somewhat hazardous to use, seems to be 
vital to the complete breakdown of difficult minerals and especially to 
the removal of carbonaceous material (as found in some sedimentary rocks). 
The HN0 3 / c o n c\ is added first to react with any strong oxidising agents 
before HC1GU is added (avoids a violent reaction). The final addition of 
boric acid ensures that all remaining insoluble fluorides are taken into 
solution. 
A) ISOTOPE ASSAY ANALYSIS 
(a) Oxford method; 

1. Take a suitable weight of finely crushed rock (see Table 4 ) , place 
an FEP beaker and, add 2 ml conc. HN03 + 6 ml 40% HF. Ultrasonic until 
particles become minute. 
2. Heat gently and evaporate to dryness. Place in ultrasonic cleaner. 
3. Add 1-2 ml 40% HF and evaporate to dryness. 
4. Add 1 ml 2.5M HC1 + 5 ml de-ionised water. 
5. Heat gently and ultrasonic i f necessary. Sample should dissolve 

slowly. 
6. Add 10 ml de-ionised water and allow to cool. 

Sample is now ready to load onto cation exchange column. 

(b) Revised INS method: 

1. Take a suitable weight of finely crushed rock, place in an FEP beaker 
and add 2 ml conc. HNOj + 1 ml conc. HC104 + 6 ml 40% HF. Leave to 
stand overnight. 

2. Evaporate to fumes of HCIO .̂ 
3. Add 2 ml 40% HF and evaporate until less than 1 ml of acid remains. 
4. Add 1 ml 2.5M HC1 + 10 ml H3N03 (sat) . The boric acid readily 

converts fluorides into soluble borates and fluor-borates, the process 
being aided by low pH. 
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5. Heat until the solution becomes clear; add 5-10 ml de-ionised water 
and leave to cool. 

The resulting solution should be clear, free from cloudiness or undissolved 
particles. A few grains of magnetite or other resistant minerals may 
remain but these should not be loaded on the column. 

B) ISOTOPE DILUTION ANALYSTS 

1. Take a clean dry cool and labelled 10 ml pyrex beaker, weigh it and 
record the weight to five decimal places. 

2. Add approximately the desired weight of rock powder (Table 4) and 
record the weight of beaker + sample. 

3. Add the desired weight of spike solution (Table 4) and weigh quickly 
to avoid loss of water through evaporation (and resultant change in 
spike concentration). Record the weight of beaker + sample + spike 
again to give decimal places. N.B. If any spike is left sticking 
to the neck of the bottle, then dry it with a tissue. 

4. Transfer quantitatively the powder + spike to an FEP beaker. These 
teflon beakers are used because they have a low Sr blank due to 
absorption and are resistant to HF attack. 

5. Rinse FEP beaker for complete transfer of material, evaporate off 
the water and proceed as for a normal IA run. 

A model recalculation of sample and spike weights is given in Table 5; 
this procedure should be faithfully followed each time to avoid mistakes. 

Table 5: Model recalculation of sample and spike 
weights (weights are measured in g). 

Beaker no. 1 Equation 
Wgt beaker 
Wgt beaker + sample 
Wgt beaker + sample + spike 
Wgt sample 
Wgt spike 

C) DISSOLUTION BOMBS 
For the dissolution of particularly refractory samples, acid digestion 
bombs (Fig, 3) may be employed. 

10.55376 (1) 
10.84305 (2) 
11.96058 (3) 
0.28929 (2)-(l) 
1.11753 (3)-(2) 
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cup 
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bottom disc 

Fig. 3: Acid digestion bomb. 

The bomb has the ability to retain strong mineral acids at temperatures 
up to 150°C and pressures up to 1200 psig. without loss of any material. 
The teflon cup ha* strong resistance to attack by HF, HC1, HCIO^ and HN0 3 

and can be used for precise measurement of very low Sr concentrations. 

The digestion method is as per the Oxford Method for Sr analysis as 
described previously (HC10. should not be used!). The bomb may be heated 
by placing it in the laboratory oven or Immersing it in a fluid'ised sand 
bath. Careful thermostat control should ensure that the maximum 150°C 
temperature limit is not exceeded. 

The following handling procedure may be observed: 
1. Unscrew the bomb cap and lift the cover, spring and pressure plate 
from the top of the teflon cup. Push forward against the bottom disc and 
slide the cup upward and out of the bomb. 
2. Clean and load the cup with 50-100 mg sample, 6 ml KF and 2 ml HNO3, 
being careful not to damage the rim. (Ensure that the rim of the cup is 
free of liquid or solid particles.) 
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3. Check the bomb body to be sure that the bottom disc is in place and 
flush with the bottom of the body; then slide the teflon cup and cover into 
the body and push the cup down against the bottom disc. Add the pressure 
plate, spring and cover to the top of the bomb as shown in the assembly 
drawing making sure that the spring extends upwards to bear against the 
metal cover, not against the teflon cover. Complete the assembly by 
screwing the knurled cap down firmly by hand. 

It is useful to note that the teflon cups are interchangeable and thus 
can be replaced if they become damaged or contaminated. Teflon is somewhat 
porous and it may be necessary to use different cups for treating especially 
radiogenic materials. Acid migration through the teflon wall may make it 
difficult to obtain a vapour-tight seal after repeated digestions have 
been carried out. This will have the effect of producing a darkened rung 
on the inner wall of the bomb body. Additional sealing pressure may 
help, especially 5-10 min. after closing the bomb (to compensate for any 
teflon flow under compressive loading) or refinishing the sealing faces 
of the teflon cup on a lathe. 

D) UNUSUAL ROCKS; PROBLEMS 
Most typical silicate rocks may be adequately dissolved by the above 
techniques. Some special problems arise though in dealing with unusual 
compositions (including oxides and sulphides) and rocks containing a high 
proportion of carbonaceous matter. 
Carbonates may be dissolved simply by adding 10 ml of 2.5M HC1 and taking 
to dryness. Any silicate contaminant may be removed using the revised 
INS dissolution method outlined previously. 
Rocks containing high proportions of carbonaceous material may need 
repeated doses of HC10-, though this is not advisable both from a health 
viewpoint and the high Sr blank that this must generate (see section 6). 
It is the view of the author that such rocks should be given the usual 
treatment and passed through an ion exchange column which, being especially 
set aside for the purpose, can be regularly cleaned. 
Refractory minerals can be dissolved using dissolution bombs or special 
treatments as required. 
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4. CATION EXCHANGE CHROMATOGRAPHY 
A) PRINCIPLES 
Ionic exchange is able to occur between a solid resin exchanger and a 
solution under suitable conditions. The resin nust have an open, 
permeable molecular structure and the following features: 
1. Low solubility in both water and organic solvents. 
2. Contain counter ions that will exchange reversibly with other ions 

in a surrounding solution without appreciable physical change occurring 
in the Material. 

The resin used for Sr and Rb analysis is obtained by the copolymerisation 
of styrene and a small proportion of divinylbenzene, followed by sulphonation. 
This is represented in Fig. 4. 

— C H — C Yf^ — C H - C B j - C H -

c H — c m s o. - H + 

C H — C H 2 — 

3 °3 - H* 

Fig. 4: Representation of 50 w-x8 hydrogen form, 
sulphonic acid styrene cation exchange resin. 

The physical properties of the resin are largely dependent on the degree 
of cross-linking of the polymer chains. Polystyrene sulphonic acid 5% 
DVB refers to a resin containing 1 mole in 20 of divinylbenzene. The 
resin swells in water, the swelling being limited by the degree of cross-
linking. The hydrogen ions in the hydrogen-form of the resin move freely 
in the water-filled pores and exchange with other cations in solution 
until an equilibrium is obtained: 

( t a i n A")B+ • c ; 5 0 , u t i o n ) - (Resin A")C+ + t\iB^m) 
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For these strong7y acidic cation exchange resins, the exchange capacity 
is dependent on the pH of the solution. The preference of a resin for 
one ion over another is also influenced by the degree of cross-linking. 
The different affinities for various ions allows separations which are 
controlled by the following distribution factors: 
1. The extent of exchange increases with increasing valency of the 

exchanging ion: 
Ha < Ca < Al < Th 

2. Under similar conditions and constant valence state, univalent ions 
show an increase in extent of exchange with an increase in the size 
of the hydrated ion: 

Li + < H + < Na* < NHj < K + < Rb + < Cs + 

While for divalent ions the ionic size is an important factor, the 
incomplete dissociation of salts of bivalent metals also plays a part: 

B e 2 + < M n 2 + < M g 2 + = Z n 2 + < C u 2 + < C a 2 + < S r 2 + < P b 2 + < B a 2 + 

3. Whsn a cation in solution is being exchanged for an ion of different 
valency, the relative affinity of the higher valence ion increases 
with dilution. Table 6 quantitatively portrays the above features 
for ions commonly found in most rocks. 

ION 0.1M Q.2M 0.5M 1.0M 2.0M 3.0M 

A l 3 + 8200 1900 318 60.8 12.5 4.7 
Sr 2 + 

Ca 2 + 

4700 
3200 

1070 
790 

217 
151 

60.2 
42.3 

17.8 
12.2 

10.0 
7.3 

Fe 3 + 9000 3400 225 35.5 5.2 3.6 
Mg 2 + 1720 530 88 21.0 6.2 3.5 
Fe 2 + 1820 370 66 19.8 4.1 2.7 
Rb+ 120 72 33 15.4 8.1 ? 
K+ 103 64 29 13.9 7.4 ? 
Na+ 52 28 12 5.6 3.6 ? 

Table 6: Distribution coefficients of various cations 
In HC1 solutions of varying molarity. 
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Ion exchange is reversible but the exchange reaction may be driven 
to the right by passing a solution through a column of exchange 
resin. As the solution passes through, the metal cations are 
progressively taken out of solution and are replaced by H+ ions 
until the proportion of original cations in the solution becomes 
undetectible (provided that the column is long enough!). If the 
solution contains several cations with different affinities for 
the resin then these will be distributed along the column and may be 
selectively recovered by rejuvenating the resin witn acid. During this 
process, the more loosely-held cations will be preferentially 
exchanged (especially if the acid strength is weak) and collected 
in turn as the effluent emerges from the base of the column. This 
separation technique is called cation exchange chromatography. 

B) PROCEDURE 
For Rb apd Sr separation, a column is set up as follows: Teflon 
FEP tubing of 500 mm length and 11 mm ID are used with an FEP stop
cock. The outlet of the tube is stoppered with sufficient teflon 
wool to reduce loss of resin to a minimum while allowing for a flow-
rate of about .75-1 ml per minute. Tubes are filled to a level of 120 mm 
with BIORAD 50V-X8, 200-400 mesh, hydrogen form sulphonic acid styrene 
resin. 

It can be seen from Table 6 that good separation of Sr from Rb can be 
predicted if the acid strength 1s kept to 1.5 M until all the Rb has 
passed out of the column. As acid strength has little affect on the 
relative affinities of A l 3 + , C a 2 + and S r Z + for the resin, 2.5 m acid 
is next used to speed the final elutriation of the column. 

2+ 2+ A good separation of Ca from Sr can be achieved in a single pass by 
taking a collection point at the end of the Sr peak, thus avoidingmost of the 
Ca peak (FIG 4). This will mean unfortunately that the Sr yield will be 
\/ery low and there 1s the possibility that the majority of the available 
Sr will be completely missed. In the experience of the author, this 
method yields more consistent results and smoother beams on the mass 
spectrometer than result from taking fractions richer in Sr and therefore 
also richer in Ca. Double passes of much larger samples may, however be 
required for rocks with yery low Sr contents. Two problems often 
encountered in running cation exchange columns are: 
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1. Channelling; a result of running the column dry and allowing 
air bubbles to form in the resin. This will seriously affect the 
smooth movement of cations down the column and therefore the final 
calibration. 

3+ 
2. Back diffusion of uppermost cations (especially Fe ) can occur 
when acid is poured into the column. This effect can be reduced by 
addition of HCl in 10 ml aliquots or by employing a gravity drip-feed. 
C) CALIBRATION USING FLAME PHOTOMETRY 

In order to decide on the best portion of the effluent to retain for 
analysis, the column run must be calibrated. The first method 
available involves use of a flame photometer to measure the concentration 
of strontium in successive aliquots of HCl collected from a column run. For this 
a typical sample is 'spiked' with 1 ml of 2000ppm SrCl„ solution and 
1 ml 500ppm RbCl.to increase the intensity of the flame. 
The procedure is as follows: 

1. Load a typical 'spiked' rock solution onto the column. 
2. Elute the S r M Rb) with 60 ml 1.5M HCl followed by 2.5 M HCl. 
Collect the effluent in 5 ml fractions between 0 and 90 ml. 
3. Set up the flame photometer as suggested in table 7. A visual 
colour test or digital reading should be recorded for each aliquot. 
4. Pass water through the flame photometer system to flush any 
remaining HCl out of the burner and atomiser. 
5. Plot the peak positions for Rb, Ca and Sr as shown in FIG 5. The 
required fraction for Rb and Sr may be thus deduced. 

WAVELENGTH SLIT ATTENUATION BACKGROUND 

B 547.6 .05 0 9 
Rb 780.0 .05 7 7 
Ca 422.7 .08 0 15 
Sr 460.7 .10 0 22 

Table 7: Flame photometer settings. 
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FIG 5: Flame Photometer Calibrations of typical rock samples ( i ) 
60 ml 1.5M HCl + 2.5M HCl. 0 0 70 ml 1.5M HCl + 2.5M HCl. 
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0) CALIBRATION USING RADIOISOTOPES. 

This alternative calibration method involves the use of 
radioactive isotopes of Sr ( 8 5Sr; T% « 65d), Rb (^Rb; T»s = 18.6d), 

47 R*» 
Ca ( Ca; Vi = 7.5d). The material is used as follows (using Sr as 
an example): 

A 530 ycurie sample of 8 5SrCl 2 will produce 530 x 10" 6 x 3.7 x 1 0 1 0 

disintegrations per second (dps) = 1.96 x 10 dps. This is probably 
equivalent to 10 counts per second (cps). Dilutions are made to reduce 
the count rate to a manageable figure : 

85 
(a) Using surgical gloves and tongs break the seal of the Sr phial and 
strip off the aluminium and rubber cap. Quantitatively transfer the 
contents into a 50ml volumetric flask, primed with a Sr carrier (0.2 g 
common Sr in 0.5M HC1). Fill the flask to the mark with common Sr 
solution Sol- (1) 
(b) Take a 2ml aliquot of Sol- (1) and dilute to 50 ml ... Sol- (2) 

(c) Take a 2ml aliquot of Sol- (2) and dilute to 50 ml ... Sol- (3) 

The final strength of solution (3) should be about 
10 7 x 25- x 25- = 1.6 x 10 4 cps. 

The calibration procedure is as follows : 
(1) Take 1ml of Sol- (3) and make up to 5ml in de-ionised water. Measure 

85 the count rate of the tracer ( Sr C U ) . The calculated figure is 320 cps. 

(2) Add the tracer to a typical rock sample and run as before collecting 
5ml aliquots. Measure the count rate of each aliquot and plot counts vs 
ml HC1 as shown in FIG. 6. 
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FIG 6: Calibration of a typical rock sample (E7: low Si-Andesite) using 
radioisotopes. (10 ml X8 Resin; 60 ml 1.5 m HCl + 2.5 m HCl). 

This method of calibrating cation exchange columns appears to be preferable 
to that using the flame photometer for several reasons; 
(i) it avoids running HCl through the flame photometer and causing corrosion, 
(ii) It is a quantitative approach which will provide better information 
and also the total yield of a run. 
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Much care must be taken in the use of radioactive materials (see p.11). 
Note also that the tracer will become impotent in the relatively short 
time of a few months. 

A study of a range of rock types of varying composition suggests that 
high Ca content effectively complicates the column calibration and pro
motes the Sr. However, rocks with high Kg contents (Dunite) or very low 
Ca (Quartzite) have tighter calibrations with Sr being retained for a 
longer period on the column. 

E) COLUMN REJUVENATION 
After a strontium sample has been collected, the resin is returned to 
the hydrated hydrogen-form by passing through 60 ml of 6M HC1 followed by 
60 ml h^O. At approximately six monthly intervals, the resin should be 
removed from the columns and stirred up in a 500 ml beaker. Contaminating 
material such as insoluble minerals and carbonaceous material may be 
decanted off or wiped off the sides of the beaker. The resin is returned 
to the columns and cleaned with 6M HC1 and water. 

The resin used in this laboratory slowly decomposes on standing to 
produce a brown discolouration. This is also easily removed by washing 
and decanting or simply by passing the rejuvenating mixture through the 
columns periodically. 
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F) SAMPLE RUN 

The procedure adopted when passing a rock sample through a cation 
exchange column depends on the above calibration and also on a 
knowledge of the important sources of error inherent in Sr analysis; tailing 
of Rb, Fe and Ca due to channeling; back diffusion; uneven loading 
or wall contamination. 

1. Load the solution onto the column and allow it to run through, 
thus exchanging cations with H+ ions near the top of the resin. This 
will produce a cm wide dark band which should be level and even. 

2. Pass a few mis of a very weak acid wash (0.1M HC1) through the 
column, washing down the sides of the column. This is found to 
displace only the most weakly held cations and serves to wash through 
much of the excess boric acid. 

3. Pass 60 ml of 1.5 M HC1 through in 10 ml lots. This will displace 
3+ ?+ 

most of the Fe , all the Rb+ and move the Sr c towards the base of the 
column. If Rb is required for analysis, the 20 S 30 ml aliquots should 
be collected. 
4. Add the desired amount of 2.5 M HC1 to move the Sr to be collected to 
the outlet of the column. 

5. Wash the outlet tube of the column thoroughly with de-ionised water 
to remove any traces of earlier-removed cations (especially Rb+) before 
final collection. 

6. Fill a clean 10 ml pyrex beaker with 2.5 M HC1, add to the top of 
the column and collect the effluent. 

7. Evaporate to dryness, ready for loading. 

NB; It is auvised when running a large number of samples to : 

(1) empty the 100 ml collecting beakers before the first acid is 
added. This allows an internal check to be made on the amount 
of acid added. 
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(ii) Label each 10 ml pyrex beaker with the initial of the chemist and 
the number of the column. The rock sample catalogue number and the beaker 
it was dissolved in should also be noted in the lab. book to avoid 
any possible confusion (all rocks look the same after a column run!). 

The following improvements have recently been implemented in an effort 
to achieve stronger more stable beams in the mass spectrometer. 
1. A routine 'double pass' through the cation exchange columns is made 
using a constant acid strength of 2.0M HCI. For a 10 cm column bed, 50 ml 
HCI is added before 20 ml of effluent is collected in the 50 ml dissolution 
beakers and evaporated to dryness. For the second pass, 55 ml acid is 
added before collecting the Sr in a 10 ml pyrex beaker as described pre
viously. When this has been evaporated to the last few mis the effluent 
is transferred to a 3 ml teflon beaker (drilled at INS from teflon 
sheeting) and evaporated to dryness. 
2. All evaporation is carried out under heat lamps to avoid 'spatter' 
of Sr and to allow more controlled dissolution. 
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5. LOADMG SWLES 

For a solid-source mass spectrometer such as MM30B, Sr and Rb-rich 
salts are loaded onto fresh Ta-ribbon filaments for each new analysis. In 
the interests of conservation, filament beads may be recycled a number of 
times so care must be taken ,-•• to avoid contamination from previous 

87 runs (mainly radiogenic strontium or Rb from ID analyses). 

A) BEAD DESCRIPTION 
Filament beads are of two main types; single or triple. While the 

facility exists on MM30B to run triple filament analysis, it has been 
found that single filaments are more effective for Sr analysis and are 
consequently used here. However, triple filament beads (FIG 8a) are easier 
to weld than the single pin models (FIG 8b) and therefore are preferred 
by the author. The specifications of some available bead models are shown 
in FIG 8 : Model 8a can have total length = 1.002 in or 1.270 in.; a 
hollow centre (to facilitate the measurement of filament temperature) or 
equal triple pin height. 

FIG. 8a: Cathodeon spec, triple filament bead constructed of Kodial 
with Nilo K Pins. 

(a) Plan view. 
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FIG. 8b: Single filament bead specifications. 
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(a) Plan view. 
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B) PROCESSING OF FILAMENT BEADS 

^ T 7 * - — 
(b) Side view. 

1. If using new beads, check the pin style and remove any 
conflicting pins. Rinse be ads a few times in hot tap water, then in 
de-ionised water and dry at 105°C for several hours. 

2. Remove any old filaments from previously used beads and clean the 
pin/ribbon contact area with a file. Straighten out all bent pins and 
ensure that the top of the filament pin is flattened with a file. Boil 
twice in de-ionised water and dry at 105°C for several hours. 

3. Tantalum ribbon (0.77mm wide, .03mm thick high purity) is spot 
welded to clean filament beads using a UNITE* Model 1071 ortbodentic 
welder. During this operation it is imperative that the filament be 
welded onto the pins flat and parallel to the base of the bead. 

4. Store the prepared filaments under cover until needed. 

C) OUTGASSING (refer also to INS-M-73) 

All filaments are routinely de-gassed (outgassed) prior to use in order 
to discharge water and absorbed gases from the surface. This is best 
done immediately prior to loading and results in greatly improved beam 
stability and source vacuum. The detailed procedure is as follows: 

1. Ensure that the diffusion, bypass and air valves are closed. 



2. Turn on the rotary pump (it now has a zeolite oil-vapour trap and 
thus should be running continuously). Open rotary pumo valve and Dump 
for 2-3 minutes. 

3. Switch on power, water sol (flow indicated by water wheel) and 
diffusion pump. Allow 10 min to warm up. 

4. Fill the cold trap with liquid N~ (refill every few hours). 

5. Turn on the Food Grade Dry Nitrogen stream with the regulator set 
at 0.1 kg cm Slowly open air valve while keeping the bell-jar 
pressed down. 

6. Load six new filaments with the N~ stream flowing. Place quart2 
liners over the filaments to aid heat diffusion. 

7. Check all filaments for electrical conductivity by applying a very 
small current to each in turn. 

8. Clean the vacuum seal and reposition the bell jar. 

9. Close the air valve and stop the H„ stream. 

10. Open the bynass valve. 

11. Pump down the bell-jar for 5-10 min until the pirani guage reads 
< 3 x 10" 2T. 

12. Close the bypass valve. 

13. Open the diffusion pump. 

_3 
14. Pump down for H hr. or more until the pressure drops below 10 T. 

15. Outgass the filaments at 4.0 - 4.5 a for 15-20 min. The current 
_3 should be increased slowly and the pressure remain less than 10 T on 

the Penning guage during the entire operation. 

16. On completion turn down the filaments slowly and leave the bell jar 
to cool for 10 min. 
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17. If further filaments are to be outgassed then repeat from 5 above. 

18. If outgassing is finished then pump down the bell jar to _2 <3 x 10 T, close the bypass valve and open the rotary pump and 

diffusion pump valves. 

19. Switch off diffusion pump* water sol and power. 

D) MAKING OF MICROPIPETS 
Immediately prior to running a sample on the mass spectrometer, a 

portion of the Sr-enriched sample is carefully transferred to a freshly 
outgassed filament using a locally manufactured micro-pipette. These 
are constructed from Pyrex tubing (for ultra-low level Sr or Pb analysis, 
quartz or silica tubing is recommended) of 3-4 mm ID, 5-6mm OD as follows: 

1 . Cut into 100 mm lengths. 

2. Flame polish the ends. 

3. Rinse in de-ionised water. 

4. Clean in warm 50% HNO, for 1 hour. 

5. Rinse twice in de-ionised water and dry at 105°C for several hours. 

6. Draw out in a fine gas flame. The final internal diameter should 
be as small as possible. 

7. Store under cover. 

E. LOADING 

It is very important in loading to ensure that the sample remains 
confined to the centre of the ribbon. A wide spread inevitably causes 
interference to a smoothly stable ion beam and also reduces the total 
amount of available strontium during the run. Loading procedure 1s as 
follows; 



1. Break off the tip of a clean micropipette. 

2. Wash the interior of the micropipette with fresh de-ionised 
water and draw up a small amount of 0.1M H~P04 (this micropipette 
may be used for all samples loaded in this session). 

3. Add one small bead of H-PO. to the central 2mm of filament (at 
0 amp). 

4. Heat filament gently to about 3 amp until the acid volatilises with 
a whiff of white vapour. Increase the filament current until the central 
portion of the filament just glows dull red for a few seconds. 

5. Using a new, clean micropipette for each sample, add approx. one 
drop of de-ionised water to the 10 ral beaker containing the Sr sample 
and work the bead of liquid into the sample. 

6. Add the sample to the etched central portion of the filament in 
very small drops with the filament current at 0.7-1 amp. 

7. When sufficient sample has been loaded increase the filament current 
until the central portion of the strip just glows dull red for a 
few seconds to evaporate any remaining moisture. 

8. Load the filament into the barrel noting the position of the sample 
and the barrel number. At the time of writing, barrel A is reserved for 
typical IA runs and barrel B for highly radiogenic and spiked runs. 

Recent use of 3 ml teflon beakers to contain the concentrated sample make 
i t possible to pick up all the available Sr in a single drop in a micro
pipette and to load i t onto the filament directly in HjPO .̂ This method 
has a number of advantages over the above method: 
1) all the Sr is concentrated in the central portion of the filament; 
2) the Sr is etched into the filament along with the acid; 
3) the method is more easily controlled and avoids spatter of Sr during 

loading. 



6. BLANK DETERMINATION 
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In the pursuit of precise age data and Sr/ Sr values, i t i s imperative 
that experimental accuracy i s not impeded by Rb and Sr contamination from 
external sources. Such contamination (blank) i s largely derived from the 
following sources: 

1. The Atmosphere: A significant blank can be derived from dust particles, 
cigarette smoke or water vapour in an unfiltered laboratory. The clean 
laboratory system described on p.6-8 i s designed to minimise the atmos
pheric blank which can amount to 0.001 ppb Rb and 0.02 ppb Sr in extreme 
circumstances. 

2. Chemicals: All the acids used in the dissolution process contain 
small amounts of Rb and Sr, especially perchloric acid (even Aristar grade 
contains up to 0.3 ppb Sr). Laboratory water also contains a small but 
measurable blank which may become important where large volumes are used. 

3. Handling: An indeterminable component of the total blank i s delved 
during handling of the sample in the many phases of preparation. 

A) MINIMISING THE BLANK 

To avoid the necessity of having to make a blank correction to the final 
data (even if i t were possible to estimate the blank composition), 
i t is desirable to minimise the possibility of contamination at each stage 
of sample preparation. 

1. Atmospheric contamination can be maintained at a very low level 
i f the labs are kept clean and the ventilation system used correctly. 
2. All water used for analysis and acid dilution i s d i s t i l l ed and 
de-ionised. Acids are all of Analar grade or equivalent, this being 
acceptable for all but very precise measurements. 
3 . Handling blanks will also be minimised if laboratory equipment is 
kept very clean. The following procedure should be followed: 

a) Rinse f irst in hot tap water; 
b) rinse in cold de-ionised water; 
c) heat for H-hour in 50% HNO,; 
d) rinse twice in de-ionised water; 
e) dry at 105°C for 1 hour; 
f) store under cover. 



B) BLANK MEASUREMENT 
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Sample contamination may be monitored by assessing the proportion 
of the total blank produced by the acid, the de-ionised water, the atmos-
Dhere and during handling, either separately or all together. The latter 
three are difficult to assess owing to their small contribution to the 
total (see Stille, 1981) and other factors. The total blank and 
especially the acid blank may be measured in the following way: 

1. Weigh out about 2g NBS988 spike solution. 
2. Add approx. lOx the usual volume of acid used to dissolve rocks. 

(80ml HF + 10ml HC10 4 + 20 ml HN0 3) and weigh. 
3. Evaporate, load onto columns and collect as usual. 
4. Load the blank and run as an isotope dilution analysis with 

spike weight = 2g 
sample weight = HOg. 

The concentration of Sr in the acid together with contributions 
from all other sources will then be given. Blank is usually quoted as ng Sr 
per sample so is proportional to the amount of acid used in the dissolution 
process. The results of two blank determinations carried out in Nov 1982 
are shown in table 8 below. 

Table 8: Blank determination at INS (14-21/11/82) 
Sr PPM ng 3r (11 ml Acid) 

Blank 1. .000679 + 34 7.5 
Blank 2. .000660 + 130 7.3 

C) SIGNIFICANCE OF BLANK 

The measured blank at INS seems to be a bit on the high side, a 
fact which is not reflected in the analyses:NBS 987 analyses (see Appendix 
II A) and good reproducibility both suggest that the blank is negligible. 

g An acid blank of 10 ng would contribute an error of 10/(0.05x10 ) x 100% = 
2 x 10" 5%. 
This might alter precision of the 87/86 ratio by up to 5 in the fifth place. 
Acid blanks can be further reduced by redistillation using a water bath 
and a heat lamp (see Fig. 9). 
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APPENDIX I : ACID SPECIFICATIONS 

Acids used in the Rb-Sr sample preparations include: 

40% HF Analar (BDH, England). 
70% HC104 Baker analysed (Baker, USA). 
69% HN03 Analar (BOH, Australia). 
35.4% HC1 Analar (BDH, England). 
88% H3P04 Analar (BDH, England). 
99.5% H3B£L Univar (Ajax Chemicals, Australia). 

Dilutions are as follows: 

1. 
2. 
3. 
4. 
5. 
6. 

Volume (ml acid/L solution) 100 MU Normal 
basisity % assay 

1. 2.5M HC1; V » 100 36.46 
3TT -

2.5 
OB" x HHr- x ^?jr - 218.2 ml 

alityl 
SG J 

2. 2J>M HC1; V = 175 ml. 

3. 6H HC1; V = 523.7 ml (approx. 50%). 

4. 0.1M H3P04; V = ^ x | ^ x ° ^ = 6.36 ml 

distilled 
acid 

Fig. 9: Proposed apparatus for 
re-distillation of acids. 



APPENDIX II: STANDARD SPECIFICATIONS 

A) NBS 987 SrCQ 3 

The material is found to be slightly hygroscopic, absorbing 0.02% moisture 
at 90% relative humidity. I t can be dried to an anhydrous state by 
heating for one hour at 110°C Assay (wgt % SrC04) = 99.98 + 0 . 2 . 

Impurities: Li 4 ppm Na 6 ppm K <1 ppm 
Mg <2 ppm Ca 5 ppm Ba <15 ppm 
Al <1 ppm Si <1 ppm Fe <3 ppm 

Ratios 

"Sr/«Sr -
8 V A r = 

Atom fraction 

8.3752 
0.1194 
0.05655 
0.71014 + 11 

84, 
86̂  
87 
88 

Sr = 
Sr -
Sr = 
Sr = 

0.005576 
0.098601 
0.070020 
0.825803 

Atomic weight = 87.6167 

87 86 The Sr/ Sr ratio was measured independently four times, the total 
range being the error (individual precision is much better). The oft used 
Eimer & Amend SrCO^ standard was analysed concurrently and gave 0.70794. 
Table 9 presents a summary of NBS 987 analyses made by the author over 
the period of one year. The average value of 0.71026 +_ 3 compares very 
favourably with a mean literature value of 0.71021 +_ 6 (2E) taken from 
12 publications between 1973 and 1982. 

Table 9: NBS 987 Analyses (19/8/81-10/12/82) 

Date x ( 8 7Sr/ 8 6Sr) 2 e (95% confi
dence limit 

Scans 

21.8.81 .71020 8 46 
24.8.81 .71025 7 365 
3.9.81 .71030 3 278 
29.3.82 .71034 11 158 
26.7.82 .71029 6 180 
24.8.82 .71020 6 119 
3.11.82 .71026 5 108 
25.11.82 .71028 7 140 
10.12.82 .71025 8 113 
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B) NBS 984 RbCl 

This material is also somewhat hygroscopic, absorbing 0.6X moisture in a 
75% relative humidity at room temperature. I t can be dried to i ts original 
weight by dessication over freshly exposed P 2 0 5 or Mg (C10 4 ) 2 for 24 hours. 
Assay (wgt % RbCl) * 99.90 +0.02 . 

Impurities: Li < 0.02 ppm Na 2.3 ppm K 420 ppm 
Mg <10 ppm Ca <10 ppm Cs 24 ppm 
Si <10 ppm Br < 0.003% I <0.001% 

Insoluble matter = 0.0001% LOI at 500°C (20 hours) = 0.010%. 

Ratios Atom fraction 
8 5 Rb/ 8 7 Rb = 2 . 5 9 3 8 5Rb 0.72168 

+ 0.002 8 7Rb 0.27832 

Atomic weight = 85.5567 

The problem of mass fractionation in mass spectrometers is amply i l lus 
trated by the author's attempt to analyse NBS 984 (Fig.10). The mean value 
of 8 5 Rb/ 8 7 Rb of 2.613 +.0.001 is somewhat higher than that quoted above 
but is the result of one determination only (14/10/81). 

Fig.10: Mass fractionation effects on RbCl standard 
NBS 984. Each bar is the mean of 10 scans. 
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^ 120 
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C) USGS ROCK STANDARDS 
Six international rock standards are available and are used periodically to 
gauge interlab variability. Th e ntajor, minor and trace element compo
sitions of these rocks are listed in Table 10. 

Table 10: Major, Minor and trace element 
chemistry of six USGS standard rocks 

6-2 GSP-1 AGU-1 BCR-1 DTS-1 PCC-1 
Granite Granodiorite Andesite Basalt Dunite Peridotite 

Oxide/% (Cioni e t al . , 1971) 
SiO? 
A1 9 0, 
FetO, 
FeO J 

69.22 67.30 59.11 54.46 40.40 41.80 SiO? 
A1 9 0, 
FetO, 
FeO J 

15.27 14.98 16.81 13.57 0.48 0.98 
SiO? 
A1 9 0, 
FetO, 
FeO J 

1.23 1.84 4.51 3.51 1.16 2.91 

SiO? 
A1 9 0, 
FetO, 
FeO J 1.39 2.24 1.97 8.59 6.83 4.81 
MgO 0.77 0.93 1.51 3.49 49.99 43.10 
MnO 0.04 0.04 0.10 0.19 0.12 0.12 
CaO 1.98 2.03 4.98 6.94 0.17 0.53 
10,0 
NLO 
TiO-
P 20c 
H^O-

4.37 5.65 2.91 1.69 0.01 0.02 10,0 
NLO 
TiO-
P 20c 
H^O-

4.13 2.71 4.35 3.32 0.02 0.05 
10,0 
NLO 
TiO-
P 20c 
H^O-

0.43 0.72 1.08 2.20 0.02 0.02 

10,0 
NLO 
TiO-
P 20c 
H^O-

0.16 0.32 0.51 0.39 <0.02 <0.02 

10,0 
NLO 
TiO-
P 20c 
H^O- 0.10 0.08 0.85 0.62 0.01 0.27 

Elemen t/ppm (average from Flanagan, 1969) 
Rb 174 263 75 52 0.3 0.4 
Sr 500 252 696 366 0.3 0.3 
Ba 1947 1377 1270 775 6 7 
Cr 10 13 13 16 4000 2910 
Cu 11 35 64 22 8 10 
La 98 214 35 28 <50 0.1 
Li 33 33 13 15 3 <3 
Nb 15 28 20 24 <20 <20 
Ni 7 12 18 14 2430 2560 
Pb 29 53 33 17 9 7 
V 37 52 127 414 17 31 
Y 12 34 23 42 <20 <20 
Ir 322 544 228 183 <20 <20 

Of prime importance to the Rb-Sr laboratory is the isotopic composition and 
Rb and Sr contents of these rocks. Table 11 presents a summary of the data so 
far collected by the author on the above rocks and a comparison with some 
recent data. 
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Table 11: Comparative Data for six USGS standard rocks. 

Rock Type 
87/86 

This work -
Pankhurst 
& O'nions 
(1973) 

This work 
Sr PPM 

Pankhurst 
- & O'nions (1973) 

G2 Granite .70980 + 5 .70988 + 8 476.4 476.3 
GSP-1 Granodiorite .76856 + 9 .76887 + 7 235.8 233.1 
AGU-1 Andesite .70405 + 8 .70409 + 7 658.1 662.0 
BCR-1 Basalt .70502 + 9 .70511 + 7 331.7 332.1 
DTS-1 Dunite .7208 + 90 .7147 + 4 0.64 0.31 
PCC-1 Peridotite .7106 + 68 .7109 + 8 0.59 0.36 

NBS.987 .71026 + 3 .71039 + 4 - -
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APPENDIX III: SPIKE SPECIFICATIONS 
A) NBS 988 : 8 4 S r SPIKE SOLUTION 
This standard reference material comes as a solution sealed in pure quality 
ampoules, each containing 10 g of the solution (0.5M HNOJ. 
The concentration of NBS 988 was determined originally by the comparison 

84 of 10 x Sr aliquots from five different ampoules with a series of NBS 987 
solutions. 
The isotopic composition, as compared to data produced at INS, i s : 

Measured ratios (NBS) Measured ratios (INS) Atom fractions 

^Sr/^Sr = 0.000589 0.000562 + 5 
8 7Sr/ 8 4Sr = 0.000098 0.000067 + 4 
8 8Sr/ 8 4Sr = 0.000386 0.000533 + 5 

86 = 
87 = 
88 = 

0.00059 
0.00010 
0.00039 

84 = 0.99892 
Atomic weight = 83.9165 

STRONTIUM CONCENTRATION: 

Average : 1.1907 j^ 0.0005 ymoles/g solution 
99.92 +0.04 yg/g (ppm) 

For the purposes of the Rb-Sr lab. at INS, a weakened spike solution has 
been prepared and subsequently calibrated against NBS 987. Three solutions 
of the latter were carefully prepared in differing concentrations to 
provide the best measure of the spike concentration. A summary of the 
calibration results is presented in Table 11. 

Table 11: 

Solution Chemist 

Spike calibration data for .NBS 988 
(all concentrations given in ppm) 

8 7 S r / 8 6 S r of Sr(sample).R 

NBS 937 S r < s P i k e > 
Concentration 
NBS987 solution 

84 Sr in NBS988 

1 

2 

3 

E.Duckworth 52.194 +0.110 

C.Adams 

I.Graham 

69.225 + 0.110 

25.710 + 0.100 

0.71024+0.00016 17.797+0.014 2.141+0.006 
(SPCAL3) 

0.71019+0.00009 35.348+0.024 2.145+0.005 . 
(SPCAL7) 

0.71032+0.00008 14.647+0.005 2.142+0.009 
(SPCAL8) 

A value for the spike concentration, C s 2.141 +_ 0.002 ppm has been derived 
from seven separate calibrations and i s inserted in the isotope 
dilution recalculation subroutine of the Rb-Sr program where: 
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CNBS987 x Hei9htNBS987 (soln) 
s p i k e Weight spike (soln) x R 

B) ORNL 190101 8 7 R b SPIKE SOLUTION 

This material is slightly radioactive with a half-life of 5 x 10 y. 
87Rb/Total Rb (soln) = 0.98. 

The isotope composition of the spike as measured at INS is: 

8 5 Rb 
rpfz- = 0.02032 ± 2 (Run 1) 
8 7Rb 

= 0.02035 ± 1 (Run 2) 
Two spike solutions have been made up for Rb dilution analysis. Once again 
the calibration precision suffers from the inability to counteract mass 
fractionation effects in the mass spectrometer (see Appendix 2B). Table 
12 details three attempts to calibrate the solutions. 

Table 12: Spike calibration data for ORNL 190101 
(all concentrations given in ppm) 

Solution 
(Spike) 

Concentration 
NBS 984 

Rb (NBS 984) 
Rb (Spike) s R 8 7Rb (Spike) 

1 69.942 ± .100 2.4410 ± 15 24.653 ± .007 
1 69.942 1.4593 ± 3 24.975 i .002 
2 69.942 4.75 ± 7 12.99 ± .02 

From the above analyses i t seems obvious that more determinations will 
need to be carried out before an acceptable calibration of either of the 
spike solutions is possible. 



APPENDIX 4: LABORATORY MATERIALS (Parts List) 

The following is a complete? l i s t of materials required to ensure the 
smooth running of the Rb-Sr laboratory. Current suppliers and the most 
up-to-date prices are listed to ensure that users are able to quickly and 
efficiently re-order when stocks are low. 

A) CHEMICALS AND STANDARDS 

i ) Resins: AG 50W-X12 200-400 mesh hydrogen form ($36 in 1973; $110 
in 1981). 

AG 50W-X8 200-400 mesh hydrogen form ($35 in 1974; $110 
in 1981). 
Manufacturer: Biorad Laboratories (California) 
N.Z. Agent: Selby Wilton (Wellington) 

i i ) Acids*: AnalaR HC10. 60-62% 
Aristar HCIO. 60-62% (Sr <1 ppm) 
AnalaR HCIO^ 71-73% 
AnalaR HF 40% 
Aristar HF 42-43% 
AnalaR HF 48% 
AnalaR HC1 31-32.5% 
AnalaR HC1 35.4% 
Aristar HC1 34-37% 
AnalaR HNO- 69-71% 
Aristar HNO, 69-71% (Sr <0.5 ppm) 
AnalaR HN0,,,95% (fuming) 
AnalaR H 3P0 4 88% 
AnalaR H3B03 99.5% 

Manufacturer: British Drug Houses (BDH) Poole, England. 
N.Z. Agent:. BDH (NZ), Palmerston North 

•Some other brands of acid are acceptable i f they comply with the purity 
specifications of AnalaR* ' . These include: 

Ajax Chemicals, Sydney, Australia 

J.T. Baker Chemical Co., Phillipsburg, USA. 
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i i i ) Standards and Spikes: 
NBS 987 (SrCO-) ($44 for lg in 1974) 
NBS 984 (RbClf ($47 for lg in 1974) 
NBS 988 ( 8 4 Sr spike) ($300 for 0.002 g in 1974) 

Manufacturer: National Bureau of Standards, Office of Standard 
Reference Materials, Washington, USA. 

N.Z. Agent: None. 

ORNL 190101 ( 8 7Rb spike) ($40 for 20 mg in 1975) 
Manjfacturer: Oak Ridge National Laboratory, Tennessee, USA. 
N.Z. Agent: None. 

US6S Rock Standards 62, GSP-1, AGV-1, BCR-1, PCC-1, DTS-1 
Manufacturer: U.S. Geological Survey. 
N.Z. Agent: None. 

iv) Radioisotopes: 
Sfsr (carrier free) No. 5053E ($332 for 500 uCi in 1982) 
??Rb (aqueous soln) ($116 for 1 mCi in 1982) 
*'Ca (aqueous soln) ($143.50 for 50 uCi in 1982) 

Manufacturer: Radiochemical Centre, Amersham, England. 
N.Z. Agent: Amersham (NZ), Auckland. 

B) LABWARE 
i) Teflon, F.E.P. 

Griffin low-form beaker 50 ml (1500-0050) ($100 for case of 6 in 1982) 
Griffin low-form beaker 100ml (1500-0100) ($104 for case of 6 in 1981; 

$27.32 for 6 in 1973) 
Chromatography column 300 mm (3656-1130) ($186 for case of 4 in 1982) 
Chromatography column 500 mm (3656-1150) ($223 for case of 4 in 1982) 
Narrow mouth bottle 125 ml (1600-0004) ($150 for case of 6 in 1982) 
Narrow mouth bottle 250 ml (1600-0008) ($140 for case of 4 in 1982) 
Narrow mouth bottle 500 ml (1600-0016) ($195 for case of 4 in 1982) 
Manufacturer: Nalge Company, Rochester, USA. 
N.Z. Agent: Watson Victor Ltd, Wellington. 

i i ) Polypropylene-Polyethylene: 
Wide mouth bottle 30 ml (2104-0001) ($60 for case of 72 in 1982) 
Wide mouth bottle 60 ml (2104-0002) ($ for case of 72 in 1974) 
Wide mouth unitary wash bottle 250 ml (2402-0250) ($20 for case of 4 in 1982) 
Wide mouth unitary wash bottle 500 ml (2402-0500) ($24 for case of 4 in 1982) 
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i i ) Contd . . . 
Unitary dropping bottle 125 ml (2410-0125) ($5 in 1974) 
Drop dispenser bottle 30 ml (2411-0030) (1974) 
Rectangular aspirator carboy with spigot 9L (2320-0020) ($60 each in 1982) 
Rectangular aspirator carboy with spigot 20L (2320-0050) ($20 each in 1977) 
Graduated cylinder 10 ml (3662-0010) 
Graduated cylinder 50 «1 (3662-0050) 
Graduated cylinder 100 nl (3662-0100) 
Graduated cylinder 500 ml (3662-0500) 
Graduated cylinder 1000 ml (3662-1000) 
Graduated cylinder 2000 ml (3662-2000) 
Precise volume dispenser 2 ml (3700-0002) 
Dessicator 150 ran (5315-0150) 
Dessicator 250 ran (5309-0250) 
Manufacturer: Nalge Company, Rochester, USA. 
N.Z. Agent: Watson Victor Ltd, Wellington. 

i i i ) Glassware: 
10 ml Pyrex beakers with pouring l ip 
30 ml Pyrex beakers with pouring l ip 

100 ml Pyrex beakers with pouring l ip 
500 ml Pyrex beakers with pouring l ip 

5 L Pyrex beakers with pouring l ip 
100 ml Pyrex flask with plastic stopper 
250 ml Pyrex flask with plastic stopper 
500 ml Pyrex flask with plastic stopper 
Manufacturer: 
N.Z. Agent: Chemistry Division Stores(DSIR) 

iv) Acid Digestion Bombs: 
Dissolution bomb (4745) 
Teflon cup and cover (A238 AC) 
Manufacturer; Parr Instrument Co., Illinois 
N.Z. Agent: None. 

v) Filament Beads: 
Triple filament seals (013488) 

$25 i 
$3 
$3.10 in 1974) 
$5 
$7 

$6 
$18 

n 1978) 
n 1974) 

in 1974) 
in 1974) 

$15 in 1974) 
in 1971) 
n 1978) 

$20 in 1974) 

($126 in 1974) 
($28 in 1974) 
USA. 

Triple filament seals (013497) 
Triple filament seals (013494) 
Manufacturer: Cathodeon Ltd, Cambridge, England. 
N.Z. Agent: None. 

($12 box of 25 in 1975) 
($50 M • » » 1982) 
($60 box of 25 in 1982) 
($25 box of 25 in 1977) 
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vi) Tantalum Ribbon: 0.77 mm wide, 0.03 mm thick (high purity) 
(10 m 9 $20 in 1975) 

Manufacturer: Goodfellows Metals, Surrey, England. 
or: Elfax Trading Co. Ltd, NSW, Australia. 

N.Z. Agent: None. 
vii) Micropipettes: 

(4618) 10ml capacity ($11.50 pkt of 100 in 1972) 
(4618) 20ml capacity ($11.50 pkt of 100 in 1972) 
Manufacturer: Clay Adams 
N.Z. Agent: Watson Victor Ltd, Wellington 

viii) Forceps: 
Spencer Wells forceps 5" straight (101550) 
Spencer Wells forceps 6" straight (101551) 
Spencer Wells forceps 5" curved (101570) 
Manufacturer: Medic DOS Ltd, Wellington. 
N.Z. Agent: As above. 

Sundry items 
nylon gloves (NG10) ($20 for pack of 10 in 1982) 
Manufacturer: Vacuum Generators, UK. 
N.Z. Agent: Advanced Electronics, Auckland 
Unglazed porcelain mortar and pestle (Wedgewood pattern) (249 0040/02) 
Manufacturer: Baird & Tatlock 
N.Z. Agent: Watson Victor Ltd, Wellington. 
Polypropylene tray (8" x 10" x 2^") ($4 in 1980) 
Polypropylene tray (12" x 15" x 2 V ) ($4 in 1980) 
Manufacturer: Parry Photographic Supplies, Wellington. 
N.Z. Agent: As above. 
Parafilm 4" 
Manufacturer: American Can Co., Greenwich, UK. 
N.Z. Agent: Selby Wilton, Lower Hutt 

C) LAB INSTRUMENTS 
1. Hotplates: 

Hotplate No. (060) 30 x 45 cm, 2000W, 38°C ($103 in 1973) 
Manufacturer: Contherm, Lower Hutt 
N.Z. Agent: As above. 
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Hotplates (Ctd...) 
HH21 hotplate (teflon covered) ($70 in 1981) 
HH21 hotplate (aluminium top) ($93.17 in 1982) 
HH20 hotplate (round top) ($84.70 in 1982) 
Manufacturer: Chi Item Scientific Equipment, Auckland. 
N.Z. Agent: Smith Biolab. 
Balances: 
Mettler top loading balance (P1210) ($460 in 1974) 
Mettler precision balance (H51) ($872 in 1975) 
Manufacturer: Mettler 
N.Z. Agent: Watson Victor Ltd, Wellington. 
El gastat: 
De-ionising column (B125) ($155 in 1974) 
Mixed bed ion exchange resin cartridge C408 ($33 in 1981) 
Manufacturer: Elga Products Ltd, Buckinghamshire, UK. 
N.Z. Agent: Selby Wilton, Lower Hutt. 
Ultrasonics: 
Mettler range (type M4.6), cower type ME1025 ($280 in 1980) 
Manufacturer: Shuco Scientific Ltd, London, UK. 
N.Z. Agent: 
(8845-03) 1 quart capacity 220-240V, 50-60 Hz ($375 in 1982) 
Manufacturer: Ultrasoncs Cole-Palmer Industrial Co., Chicago, USA. 
N.Z. Agent: Smith Biolab. 
Orthodontic Welder: 
(Model 1071) 220V, 50 Hz ($545 in 1977) 
Manufacturer: Unitex 
N.Z. Agent: Dentist Supplies Ltd, Wellington. 
Schott: 
Light source (KL150B) ($440 in 1981) 
Single fibre optic (KL1511B) ($95 in 1981) 
Lamp (LL1501B) ($30 in 1981) 
Focussing lens (KL1517B) ($30 in 1981) 
Manufacturer: Schott 
N.Z. Agent: Kempthorne Medical Supplies, Wellington. 
Sundry: Drying oven (model 0VC/AC) ($310 in 1974) 

Vacuum cleaner (Hoover 407) ($60 in 1977) 
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