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Introduction: Understanding the Hadean 

(>4 Ga) Earth requires knowledge of its crust. 

The composition of the crust and volatiles mi-

grating through it directly influences the 

makeup of the atmosphere, the composition of 

seawater, and nutrient availability. Despite its 

importance, there is little known and less 

agreed upon regarding the nature of the Hade-

an crust. In part, this is because our only direct 

geologic record of the Hadean comes from zir-

cons, a robust zirconium silicate that is well 

suited for U-Pb geochronology. While Hadean 

zircons have been extensively studied for eve-

rything from oxygen isotopes to mineral inclu-

sions to hafnium isotopes to their trace element 

distributions, interpretation of these data re-

mains controversial [1,2].  

One path forward to addressing these con-

troversies would be to study how rubidium and 

strontium vary in the early crust. Understand-

ing the Rb/Sr ratio of the source for the Hade-

an zircons may provide valuable insights into 

the source SiO2 content and permit selection 

between several competing models for the Ha-

dean. For example, if the Hadean zircons 

formed in intermediate magmas or from melt-

ing a mafic crust then the associated Rb/Sr ra-

tio of the source magmas should be low [1,2]. 

Alternatively, if the Hadean zircons formed in 

felsic magmas, then the Rb/Sr ratio should be 

high [1,2]. 

Currently, there is only one study of Rb/Sr 

ratios of Archean igneous rocks, which pro-

posed that the Archean crust had generally low 

Rb/Sr ratios [3]. These authors argue that the 

strong correlation between Rb/Sr ratio and 

SiO2 content in modern igneous rocks extends 

into the Archean, and therefore, the low Rb/Sr 

ratios in the Archean suggest a dominantly 

mafic crust. However, the Rb/Sr system is eas-

ily disturbed by aqueous alteration [4], and 

therefore, it is unlikely that Archean rocks will 

accurately preserve their original Rb/Sr ratios.  

In order to avoid the difficulty of ascertain-

ing Rb/Sr ratios from whole rock samples, we 

will analyze the strontium isotopic composi-

tions of apatites included in Archean zircons. 

Apatite is a calcium phosphate mineral that 

includes significant strontium while excluding 

rubidium. Therefore, the 
87

Sr/
86

Sr ratio in apa-

tite provides a record of the time-integrated 

Rb/Sr ratio, while requiring only a minimal 

correction due to the ingrowth of 
87

Sr from the 

decay of 
87

Rb following crystallization.  

While apatite inclusions in zircon could 

provide an important record of 
87

Sr/
86

Sr ratios 

for the Archean and Hadean, this record has 

not previously been exploited due to their 

small (<10 μm in diameter) size. We used res-

onance ionization mass spectrometry (RIMS) 

to analyze strontium isotopes in apatite inclu-

sions in zircons. 

Methods: RIMS is a technique in which at-

oms are liberated from the sample surface and 

then photoionized using lasers before being 

introduced into a time-of-flight mass spec-

trometer [5]. The advantages to this technique 

are that it is element-specific and has very high 

sensitivity. Specifically, we used the Chicago 

Instrument for Laser Ionization (CHILI) [5] 

which has a 351 nm desorption laser with ~0.8 

μm spatial resolution for sample removal and 

has achieved precisions of ~2‰, as determined 

in this study. Therefore, CHILI is in the unique 

position to analyze strontium isotopes in apa-

tite inclusions in zircons and unlock an im-
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portant, previously inaccessible geochemical 

record.  
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 Figure 1. Shown are the results from prelimi-

nary analyses of two standard apatites. The meas-

urements of Durango were used to correct the 

Madagascar apatite analyses. Because we use Du-

rango as our primary standard, the Durango re-

sults cluster around the true value of 0.7063 [6]. 

The longest analysis took ~60 minutes, i.e., is the 

sum of 3.6 million individual desorption laser 

shots. Longer analysis times would result in small-

er statistical uncertainties as the error is currently 

dominated by counting statistics. Uncertainties are 
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Preliminary Results and Discussion: Our 

analyses show that precisions of 2‰ are readi-

ly attainable on our two standards with CHILI 

(Fig. 1). When using Durango apatite as a 

standard for Madagascar apatite, our measured 
87

Sr/
86

Sr ratio is 0.7123±0.0015 (1σ), which 

agrees well with the true value of 0.7118 [6]. 

We also analyzed apatite inclusions in one zir-

con from a phanerozoic granite from San 

Jacinto Mountains, CA and our results 

(0.711±0.004 at 1σ) agree well with the whole 

rock 
87

Sr/
86

Sr ratio (~0.707) [7].  

While our precision is significantly 

worse than typical strontium isotope analyses 

(e.g., by using TIMS), it is sufficient for the 

geologic questions we are interested in. For 

example, a reservoir that has ~70 wt% SiO2 

with an initial 
87

Sr/
86

Sr ratio of 0.699 will 

evolve to a 
87

Sr/
86

Sr ratio of 0.703 after 200 

Myr [3]. This difference would be resolvable 

(at the 2σ level) with our current uncertainties. 

From hafnium isotope studies of Hadean zir-

cons, reservoirs can evolve for periods of 200–

500 Myr [1,2], which would further increase 

the differences in 
87

Sr/
86

Sr ratios between 

mafic and felsic reservoirs.  

Outlook: Our next step is to investigate ap-

atite inclusions in 3.6–3.8 Ga zircons from 

Nuvvuagittuq, Canada. These results will place 

some of the tightest constraints on Rb/Sr ratios 

in the Archean crust and serve as a stepping 

stone to our ultimate goal of analyzing apatite 

inclusions in Hadean zircons from the Jack 

Hills, Western Australia. Finally, our approach 

is not restricted to terrestrial samples and will 

also be applied to martian apatites [e.g., 8] to 

study the Rb/Sr ratios of the crust of Mars. 
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