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METHODS 
Sites identified within the K-feldspar overgrowths to be sampled for TEM work were 
selected by backscattered electron imaging of carbon coated polished thin sections (Fig. 
2B). Following sputter coating with ~ 40 nm of gold, electron-transparent (i.e., 100 nm 
thick) foils were cut from the overgrowths with a FEI 200TEM FIB instrument using 30 kV 
Ga+ ions. The ion milling process is described in detail by Heaney et al. (2001) and Lee et 
al. (2003). Following extraction from the thin section using an ex-situ micromanipulator, the 
foils were placed on a holey carbon film and imaged using a FEI T20 TEM operated at 200 
kV. With respect to the method presented by Mark et al. (2005) the preparation of TEM 
foils using the FIB technique is the major advancement. With a high degree of precision and 
accuracy we can sample any section of a K-feldspar overgrowth. 
 
Doubly polished fluid inclusion wafers, 100 µm thick, were prepared from core samples and 
characterized (homogenization [Th] and final ice melting [Tm] temperatures determined) 
using a calibrated (associated error, ± 1 °C) Linkam TH-600 fluid inclusion stage with a 
heating rate of 10 °C min–1. All fluid inclusions showed consistent sizes, shapes, vapor 
bubble sizes, and vapor-liquid ratios. Inclusions that showed stretching were excluded from 
the study. Tm measurements were determined using a heating rate of 1 °C min–1. Salinities 
were estimated using the methods of Bodnar (1993). 
 
Prior to irradiation, a 100 µm thick doubly polished fluid inclusion wafer was cleaned 
ultrasonically in methanol and deionised water. The sample was cadmium shielded (3 mm) 
and irradiated for 50 hours in the McMaster reactor in Canada. Neutron flux was monitored 
with biotite standard GA1550 (~ 98.8 ± 0.5 Ma; McDougall & Roksandic, 1974; Renne et 
al., 1998; Spell & McDougall, 2003); resulting in a J value of 0.01175 ± 0.000006 was used. 
A New Wave Research UP-213 nm pulsed Nd-YAG laser with a 12 µm spot size (rastered 
over the surface to obtain sufficient gas for precise isotope measurements) was used for Ar 
extraction. Extracted gases were cleaned using three SAES AP10 getters, two operated at 
450 °C and one at room temperature. A MAP 215-50 noble gas mass spectrometer analysed 
Ar isotope compositions. The data were corrected for blanks, mass spectrometer 
discrimination, 37Ar decay and reactor induced interferences. Quoted Ar-Ar errors are 2 
and include a 0.5 % error assigned to the J value. Reactor induced correction factors used 
were: (39Ar/37Ar)Ca = 0.00065, (36Ar/37Ar)Ca = 0.000264, (40Ar/39Ar)K = 0.0085. Mark et al. 
(2006) provides details concerning the integration of fluid inclusion and age data. The decay 
constants as outline by Steiger and Jager (1977) were used. We use the timescale of 
Gradstein et al. (2004). 
 
Thermal history data was input into a finite element diffusion model DIFFARG (Wheeler, 
1996) which works with MATLAB® software. The programme allows modelling of Ar 
diffusion with respect to a precise thermal history. Effective diffusion domain size was 
inputted for a series of geometrical shapes of different sizes (determined using TEM 
imaging). Their response to the thermal history over time was tested. DIFFARG is a forward 
modelling programme and hence, 0 Ma corresponds to the age of K-feldspar authigenesis. 
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Table DR1: Primary aqueous 2-phase (liquid and vapour) fluid inclusion micro-
thermometric data from authigenic K-feldspar overgrowths. 

 
 
 



 
Table DR2: 40Ar/39Ar data from authigenic K-feldspar overgrowths (volts) from well 
204/28-1 sampled at a depth of 1919.1 m. All errors are quoted as 2σ. 

 

 
 

 
 
Table DR3: Integrated TXt data from 18 K-feldspar overgrowths that were targeted for fluid 
inclusion microthermometry and 40Ar-39Ar analysis. 
 

 



 

 
 
Figure DR1: DIFFARG model output showing temperature-time (T-t) history, a diffusion 
profile through a K-feldspar spherical crystal and the sample bulk age. (A) Using an 
authigenic K-feldspar overgrowth thickness (30 µm) as the effective diffusion dimension 
shows that no significant radiogenic 40Ar has been lost. (B) Using a subgrain size (0.5 µm) 
as the effective diffusion dimension shows that a small amount of radiogenic 40Ar has been 
lost as the 40Ar/39Ar age has been reset by ~0.5 Ma. 


