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Introduction: Hibonite (CaAl12O19) from Mada-

gascar (the principal source) is commonly used [e.g., 

1] as a standard for SIMS analysis of magnesium iso-

topes in hibonite from calcium-aluminum-rich inclu-

sions (CAIs), but there are two potential problems with 

this standard. First, Madagascar hibonite not only is 

heterogeneous but also contains significant FeO and 

wt. % levels of rare earth elements (REE) and thorium. 

Second, there is concern that the relative sensitivity 

factor (RSF; = 27Al/24Mg [SIMS] / 27Al/24Mg [EPMA]) for 

aluminum and magnesium may be different in the ter-

restrial vs. meteoritic hibonites due to their differing 

compositions. For the highest-precision analyses pos-

sible, elimination of any systematic error due to the use 

of incorrect RSFs is required. We therefore synthe-

sized three compositions of pure hibonite, encompass-

ing the range of natural meteoritic hibonite composi-

tions, to accurately determine their RSFs and com-

pared them with RSFs determined previously for Mad-

agascar hibonite. 

Synthesis procedure: Meteoritic hibonites differ 

from pure CaAl12O19 mainly in containing significant 

Ti and Mg, which together form a coupled substitution 

for Al in the hibonite structure. The three compositions 

we prepared all lie on the join CaAl12O19 (Hib) – 

CaMgTiAl10O19 (MTH) and are designated as MTH15, 

MTH30, and MTH50. Samples were synthesized from 

dried Alfa Puratronic CaCO3, MgO, Al2O3, and TiO2. 

Each oxide mix was ground in an automatic alumina 

mortar 4½ - 6 hours under ethanol, dried in air, and 

decarbonated at 800 ֯ C for 65 hours. Decarbonated 

powder of an oxide mix (~1 gram) was poured into a 

13 mm stainless steel pellet die (standard for making 

KBr pellets). The die was then placed in a hydraulic 

press, hooked up to a vacuum, and this assembly 

pressed until an internal pressure of ~2 tons was 

achieved. This was maintained for ~5 minutes. The 

pressure was then released, the pellet removed and 

then placed in a Pt cage, suspended using Pt wire, and 

inserted into the hot spot of a Deltech VT-31 1 atm gas 

mixing furnace at 1000 oC in air. The temperature was 

then increased to 1603 oC at 500 oC /hour and held for 

685 hours, followed by a quench through the bottom of 

the furnace into deionized H2O. 

Analytical Techniques: The 27Al/24Mg ratios of 

the synthetic and Madagascar hibonites were measured 

using Cameca IMS-1280 ion microprobes (SIMS) at 

the Universities of Hawai’i and Wisconsin. At Hawai’i 

the operating conditions were the same as those de-

scribed in [2], using a standard duoplasmatron source. 

At Wisconsin, a RF plasma ion source was used to 

generate a 16O- primary beam having 60 pA intensity, 

which was focused to a 3 µm diameter spot. The sec-

ondary 24Mg+ and 27Al+ ions were detected using an 

electron multiplier and a Faraday cup, respectively, by 

magnetic field switching. Accurate aiming at the very 

fine-grained synthetic hibonite was achieved by a FIB-

marking method [3]. Electron microprobe (EPMA) 

analyses of the natural and synthetic hibonite chemis-

try were carried out at the Universities of Chicago, 

Hawai’i, and Wisconsin, and also at the Smithsonian 

Institution. All analyses were made via wavelength 

dispersive techniques using natural and synthetic min-

eral standards. Particularly at Wisconsin and the 

Smithsonian, care was taken to peak-center magnesium 

and aluminum independently in standards and un-

knowns, in order to correct for peak position shifts due 

to crystallographic site coordination differences. REE 

analyses in Madagascar Hibonite were made only at 

Wisconsin. 

Results: The synthesized samples consist of 

somewhat porous aggregates of fine-grained (≤ 20 m) 

crystalline hibonite (e.g. MTH15 is illustrated in Fig. 

1). Sparse crystals of grossite (Gr; CaAl4O7) represent 

the only other phase present. Back-scattered electron 

(BSE) imaging of the Wisconsin sample of Madagas-

car hibonite shows significant compositional zoning 

(Fig. 2) which EPMA analysis shows to be due mostly 

to variations in REE and thorium, from < 1 wt. % total 

REE + Th (as oxides) up to nearly 5%. The REE con-

tents are inversely related to calcium, indicating that 

the REE substitute into the calcium crystallographic 

site. Al2O3, MgO and FeO remain relatively constant 

independent of REE variations, but TiO2 is higher in 

REE-poor regions. The Hawai’i sample of Madagascar 

hibonite is different. It shows little compositional zon-

ing, and it differs from the Wisconsin sample in having 

low REE, higher MgO and lower Al2O3. For the syn-

thetic hibonite, crystals in all three compositions show 

some compositional zoning, but in general conform 

closely to the ideal compositions (Fig. 3).  
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Figure 4 compares the 27Al/24Mg compositions of 

the synthetic samples and the Madagascar hibonite as 

measured by SIMS against those measured by EPMA 

(calculated by assuming that 24Mg = 0.79 × total Mg). 

Only averages for each composition are shown, for 

simplicity. The horizontal error bars are not EPMA 

analytical uncertainties but rather are 2 standard devia-

tions (population) for each composition, giving an in-

dication of the range in compositions within each sam-

ple (zoning). All data are colinear along a line having 

slope 0.792±0.017 where the slope is the RSF. The fact 

that the Madagascar hibonite samples are co-linear 

with the synthetic samples indicates that the former is 

in fact a suitable standard for SIMS relative sensitivity 

factors, provided that all in-house samples of Mada-

gascar hibonite be carefully characterized by EPMA. 

We recommend that such EPMA analyses of Mada-

gascar hibonite include analyses of REE (especially La 

and Ce) and Th, as otherwise the ZAF coefficients of 

the major elements will be incorrect. Finally, we stress 

that the RSF factor we determined, using 2 Cameca 

IMS-1280 ion probes, may not match those determined 

in other labs as operating conditions may differ and the 

instruments themselves may not be identical. 
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Figure 1. BSE image of synthetic hibonite MTH30. 

 

 
Figure 2. BSE image of the Madagascar hibonite sam-

ple studied at the University of Wisconsin. 

 
Figure 3. The synthetic hibonite samples show the ex-

pected coupled substitution relationship for hibonite. 

 

 
Figure 4. Madagascar and all synthetic hibonite are 

consistent with a single value for the RSF. 
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