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Figure 10. MJ-649 sample. (A) histogram showing a unimodal normal distribution for 206Pb/238U ages (bar diagram on 
the top right corner); (B) concordia diagram: age of 594 ± 7.1 (common Pb corrected using measured 204Pb); (C) Tera-
Wasserburg diagram (without common Pb correction); (D) the same as diagram B, but including the common 206Pb 
representation (color scale to the right of the diagram).

Figure 11. TL images with the position of analysis (spots) of titanites from OM-629 sample.

and 12E show U-Pb data (with common Pb correction) plot-
ted in a concordia diagram. The age of 616.6 ± 2.6 Ma was 
obtained in this diagram, which is very close to 206Pb/238U 
age (616.7 ± 5.0 Ma). In Figure 12D, U-Pb data (without 

common Pb correction) is shown in the Tera-Wasserburg 
diagram. It is observed that 207Pb/206Pb, 238U/206Pb data are 
aligned along a straight line that intercepts the concordia 
curve at 627 ± 12 Ma. The differences between the titanite 
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Figure 12. OM-629 sample. (A) histogram showing a unimodal normal (Gaussian) distribution (206Pb/238U age); (B) bar 
diagram: weighted average of 206Pb/238U ages (616.7 ± 5.0 Ma); (C and E) concordia diagram: common Pb corrected using 
measured 204Pb and age of 616.6 ± 2.6 Ma (MSWD = 0.065); (D) Tera-Wasserburg diagram: age of 627 ± 12 Ma (without 
common Pb correction). Color scale (on the right of figures D and E) represents the concentration of common Pb.

ages obtained by SHRIMP (616.6 Ma) and by TIMS (605 ± 
5 Ma) (Harara, 2001; Harara et al., 2002) techniques may 
be associated in part with the Khan standard, which is not 
always homogeneous and concordant (Heaman, 2009).

DISCUSSION AND CONCLUSION

This article presents the first U-Pb data obtained for titanite 
using the SHRIMP technique at the GEOLAB-IGc-USP. 
Initially, Khan titanites were carefully analyzed to investigate 
if they could be used as a standard. In this experiment, the 
BLR-1 titanite standard (1047 Ma) was used as a reference 
(Aleinikoff et al., 2007). The BLR-1 standard had lower 
concentrations of common Pb and yielded more homo-
geneous 206Pb/238U ages and the concordant level for this 
standard is better than the Khan standard. The analytical 
data for the Khan titanite presented an average concentra-
tion of common Pb of about 2% (0.6 to 4.0% of common 
206Pb). SHRIMP 206Pb/238U and 207Pb/206Pb ages obtained for 

the selected titanite crystals (Khan) were very close (519 ± 
5 Ma) with the ones mentioned in the literature (Heaman, 
2009; Simonetti et al., 2006). According to Heaman (2009), 
some Khan titanite crystals are not completely homogeneous 
and are discordant, and for that reason, the crystals should 
be selected and analyzed carefully.

Titanites from granitic rocks of the South-Southeast of 
Brazil (Rio Piên granitic suite) were analyzed using the 
Khan titanite as a standard. The concentrations of common 
Pb in titanites from these granitic rocks were relatively high 
when compared to the ones in zircons from the same rocks. 
The high concentration of 204Pb causes inaccuracy in the 
207Pb/206Pb and 235U/207Pb ratios, mainly in younger samples 
(Phanerozoic). In these cases, tests showed that the num-
ber of analyses (spots) should be greater than 25. In zircons 
from these samples, with a relatively low concentration of 
common Pb, the same level of accuracy would be obtained 
with 12 analyses (spots). In these granitic rocks, SHRIMP 
U-Pb ages of titanites are very close to TIMS and SHRIMP 
U-Pb ages of zircon. 
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According to the specialized literature, temperatures of 
Pb diffusion/retention in titanites are lower than the ones 
observed in zircons. The values are not exact because they 
are affected by many factors, such as crystal size, shape 
and composition, as well as fluids in the environment, 
pressure involved in the process, and local cooling rate. 
In the case of titanites, these temperatures were measured 
by several authors, reaching up to 650ºC (Mezger, 1990; 
Mezger et al., 1991; Tucker et al., 1987), between 630 and 
600ºC (Cherniack, 1993) and even between 800 and 710ºC 
(Zhang  and Scharer, 1996). The granitic rocks examined 
in this study have a calc-alkaline nature and were possibly 
formed in a magmatic arc environment and, therefore, with 
a relatively high geothermal gradient. The ages obtained for 
titanite and zircon are very close, suggesting that isotherm 
crossing occurred relatively close in geological time. The 
presence of inclusions of zircon in titanites with similar ages 
was observed in the granitic rock MJ-649, supporting the 
hypothesis that these minerals were formed in a relatively 
short geological period of time.
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