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Whereas Pb-Pb dating potentially offers the most precise 
ages for old meteorites and their components, this method has 
been commonly compromised by terrestrial contamination, 
uncertainty in the initial Pb isotopic composition and 
analytical uncertainties related to poorly-constrained 
instrumental mass fractionation using a thermal ionization 
mass spectrometer (TIMS). With the latter issue addressed by 
the use of a 202Pb/205Pb double spike, we have experimented 
with step-leaching procedures of differentiated meteorites and 
chondrules in an attempt to first effectively remove terrestrial 
contamination and then to generate Pb fractions of sufficient 
size and spread in Pb-Pb space to adequately define 
meaningful isochrons. Samples are abraded, rinsed in an 
ultrasonicator, lightly crushed in the clean laboratory and then 
repeatedly pre-cleaned using distilled ethanol, water and 
acetone. Subsequent steps of weak HCl and HBr acids 
combined with ultrasonic agitation and modest heating 
effectively removes terrestrial contamination in most samples 
we analyzed. Subsequent exposure to warm 4M HNO3 
typically isolates the least-radiogenic component of the 
leaching series. Leaching with HCl of increasing molarity with 
longer and higher temperature heating steps returns more 
radiogenic Pb fractions. The most radiogenic Pb fraction 
typically corresponds to the first warm 1M HF step with 
subsequent steps in stronger HF yielding progressively less 
radiogenic signatures. Importantly, the Pb extracted in the 
dissolution of the final residues with 28M HF + 14M HNO3 
typically plots slightly below the isochron defined by previous 
leach steps, corresponding to a slightly younger 207Pb/206Pb 
model age than the inferred actual age. The wide range of total 
Pb contents (20 - >2000 pg) in leach fractions returned by this 
method requires analyses by TIMS using a high-efficiency Pb 
emitter and diligent monitoring of laboratory Pb blank, 
including running parallel Pb blank analyses for every leach 
fraction. ICP-MS analyses of major elements in aliquots of 
each leachate indicates that different combinations of minerals 
are breaking down throughout the sequence. As expected, U 
and Pb are highly and variably fractionated during the 
leaching step such that no U/Pb age information is recovered. 
Using this procedure we have revisited the ages of chondrules 
from CB chondrite Gujba and CV chondrite Allende and 
several differentiated meteorites including SAH-99555.  
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Hydrothermal circulation through the upper oceanic crust 

at mid-ocean ridge axes leads to major chemical fluxes largely 
between the sheeted dike complex and seawater. Metamorphic 
mineral assemblages, fluid inclusions and geothermometry in 
the sheeted dike complex requires temperatures of fluid-rock 
reaction of ~250°C to ≥500°C throughout the sheeted dike 
complex. However, models of recharge to the hydrothermal 
system suggest large fluxes of cold water into the crust, most 
likely in the near axis region. If correct, this recharge flux 
should cool the sheeted dike complex rapidly raising the 
question of when the hydrothermal metamorphism of the 
sheeted dike complex occurs.  

To better understand the thermal evolution in the sheeted 
dike complex Coogan et al. (2005) developed a 
geospeedometer applicable to this region. The partitioning of 
lithium between plagioclase and clinopyroxene is strongly 
temperature dependent and lithium diffusion in both phases is 
very rapid. During subsolidus cooling of a dike lithium 
diffuses out of plagioclase into adjacent clinopyroxene and the 
closure temperature for this exchange is dependent on the 
cooling rate of the dike. Thus, the measured distribution of 
lithium between these phases can be used to determine the 
cooling rate (Coogan et al., 2005). 

Applying this approach to ODP Hole 504B reveals very 
rapid cooling rates in at least the upper half of the sheeted dike 
complex. This is consistent with the sheeted dike complex 
being cooled efficiently by down-welling fluid. This suggests 
that the hydrothermal metamorphism of the sheeted dike 
complex may occur either: (i) during the cooling of an 
individual dike; (ii) during thermal rebound after hydrothermal 
recharge ceases in the off-axis; or (iii) during upflow of 
hydrothermal fluids. The first model appears to be inconsistent 
with the consistency of vent fluid compositions and 
experimentally determined reaction rates. The second model 
appears to be inconsistent with: (a) the inhomogeneity of 
alteration, (b) the requirement for fluid flow during alteration 
based on isotope tracers, and (c) thermal modelling of this 
process. 

Current data seem to require that the hyrothermal 
metamorphism of the sheeted dike complex occurs largely 
during hydrothermal upflow. As fluids heated by an 
underlying magma chamber migrate upwards they reheat the 
surrounding rocks and react with them producing the typical 
greenschist facies assemblage observed within the crust. 
Temporal changes in the location of upflow can lead to the 
prograde metamorphism of the entire sheeted dike complex. 
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