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40Ar/39Ar ages from sericitic alteration in central Gawler gold prospects: timing constraints on gold mineralisation? ��Geoff Fraser ��– this talk follows logically from the previous couple, in that I’m going to present age constraints for several of the gold prospects that others have described. �
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A simpler title might be “Is all the gold in the Central Gawler Gold province the same age”. That is the question that this study set out to address. 
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As we’ve been hearing throughout this session, there is a lot of interest in the concept of a Central Gawler Gold Province, that is essentially defined by drawing a boundary around several gold prospects on the southwestern side of the Gawler Range Volcanics as shown by the gold stars here. Drawing a boundary like this is only really useful as an exploration tool if these prospects are somehow genetically related, with the implication that there is likely to be undiscovered gold between the known prospects. One test of this idea is whether or not the prospects are all the same age? If they are, the idea that they are genetically related is supported, and the prospectivity of the region is enhanced. If not, then we may have to reconsider how useful the concept of a gold province really is. 
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So that’s why we’re interested in the age of the gold prospects, and what I’m going to present today are 40Ar/39Ar results from the alteration systems of five prospects, from NW to SE. Tarcoola, Tunkillia, Nuckulla Hill, Barns and Weednanna. It is worth noting that before this, the only direct age constraint on any of the alteration mineralogy in any of the Central Gawler prospects was a single K/Ar age on sericite from Tunkillia, which gave an age of 1609 ± 12 Ma. 
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I’ll start by looking at Tarcoola, where Anthony Budd has been doing a PhD. This work has been very much in collaboration with Anthony, and relies on his observations of the rock relationships and alteration history. One of those critical relationships is his observation of diorite dykes cross-cutting host Paxton Suite granites, with Au-bearing veins themselves cross-cut by gold-bearing veins. Clearly, then, at least some of the gold mineralisation must post-date dyke intrusion. 
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If we look at these dykes in thin section you can see relatively coarse euhedral hornblende that we interpret to be of igneous origin. We have separated this hornblende and analysed it by 40Ar/39Ar step heating. 
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And this is the result. As is pretty common in hornblendes there is some excess argon in the early part of the gas release, but then we get a pretty well-behaved, flat age spectrum with a “plateau” age of 1582 ± 5 Ma. Evidence of chilled margins on these dykes indicates that the dykes cooled rapidly after intrusion, and we therefore interpret this hornblende age as the time of dyke intrusion. Given that Au-bearing veins cross-cut the dykes, the age of 1582 ± 5 Ma is therefore a maximum age constraint on gold mineralisation. 
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Let’s now look at the next prospect to the south, Tunkillia. This is situated in the Yarlbrinda Shear Zone and hosted in Tunkillia Suite granites dated at ~1680 Ma. Here you can see the sheared granite host. The other thing to note here is the style of alteration. K-feldspar is dusty looking but essentially intact, whereas plagioclase is entirely replaced by mats of fine-grained sericite. 
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Another example here, with essentially unaltered K-feldspar on the left, adjacent to entirely sericitised plagioclase. 
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In crossed-polars you can see the complete replacement of the plagioclase. This sericitic alteration has proved relatively easy to separate because we’ve found that when we crush this rock, rather than breaking up into tiny, individual laths, the sericite hangs together as intergrowths the size of the pre-existing plagioclase grains. 
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Here are the results of four step-heating experiments of sericite from Tunkillia. We see good consistency in age between samples with ages between 1567 ± 8 Ma and 1583 ± 9 Ma. I should point out that in all the age spectra I present from now on I have plotted this grey bar that represents the range of U-Pb ages measured on Gawler Range Volcanics and Hiltaba Suite magmas. That range is between about 1570 and 1590 Ma. I have plotted this just for reference, so you can clearly see how the argon ages from the gold prospects compare. 
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Remember I said earlier that there was one previous K/Ar sericite age from Tunkillia of 1609 ± 12 Ma. That measurement was made by David Phillips who was working for PRISE in Canberra at the time, and he worked on a sample for Gary Ferris. I was able to get hold of the remnants of the mineral separate that he used for that measurement, and I have reanalysed it by the 40Ar/39Ar method and got 1578 ± 8 Ma. So we now have five 40Ar/39Ar sericite ages between 1567 ± 8 and 1583 ± 9 Ma. The consistency of these ages suggests that they are geologically meaningful. There is no known magmatism of this age locally at Tunkillia so it is unlikely that the ages have been thermally reset, so we interpret these ages as the time of sericitic alteration. As at Tarcoola, sericitic alteration at Tunkillia is spatially associated with gold mineralisation, suggesting the alteration and mineralisation were coeval. The age data therefore suggest that mineralisation at Tunkillia was indistinguishable in age from mineralisation at Tarcoola, and took place at ~1580 Ma, at the same time as regional GRV and Hiltaba magmatism. 
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We’ll now go further south along the Yarlbrinda Shear Zone to the Nuckulla Hill prospect, again hosted in Tunkillia Suite granites. Here we found coarse muscovite apparently grown during deformation of the host granites. 
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This muscovite yields good quality data with a ‘plateau’ age of 1635 ± 8 Ma. Although we only have one analysis of this data muscovite, and it would be nice to be able to reproduce this age, this data suggests a period of movement on the Yarlbrinda Shear Zone that significantly pre-dates the ages of alteration and mineralisation at Tarcoola and Tunkillia. However, we do not know the relationship between this phase of deformation and the gold mineralisation at Nuckulla Hill. 
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I have tried to get a more direct age for mineralisation at Nuckulla Hill by looking at sericitic alteration in the granite host. However, this has not been as successful as at Tarcoola or Tunkillia. Here you can see sericitic alteration. 
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But when you look closely the sericite is apparently overprinted by extensive chlorite alteration, and it is virtually impossible to separate the two. 
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The 40Ar/39Ar results show a very poorly behaved age spectrum, in which ages generally decrease and no plateau age can be calculated. You’ll notice that I’ve also plotted apparent K/Ca under the age spectrum and here you can see fairly wild fluctuations in K/Ca throughout the experiment, which suggests there is a problem with the impurity of the mineral separate. I therefore don’t feel confident to put any geological interpretation on this data, and I think we’ll need to do more work at Nuckulla Hill before we can say anything about the timing of gold mineralisation. 
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So let’s move on and look at the Barns prospect, about 150 km SE of Nuckulla Hill. Gold mineralisation here is again hosted in granites. Some of this host granite has recently dated by Olli Holm, and gives a U-Pb zircon age of ~1690 Ma. The alteration here looks very like that at Tunkillia, with relatively intact K-feldspars and sericitically altered plagioclase. 
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Here you can see the distinct sericitic relic plagioclase grains, that make separation of the sericite relatively easy. 
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Three samples of sericite from Barns that overlap within uncertainty, and range between 1568 ± 8 Ma and 1580 ± 10 Ma. Sericitic alteration forms an envelope around the mineralised zone which contains veins of quartz and sulphides. Apparently many of the veins are vuggy, suggesting mineralisation at shallow crustal levels. If mineralisation occurred at shallow levels, it is hard to argue for pervasive resetting of the argon ages, so the simplest interpretation of these age data is that they represent the time of sericitic alteration and by association, also the time of gold mineralisation. The alteration and mineralisation at Barns therefore appears to have occurred at the same time as at Tarcoola and Tunkillia. 
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Finally I’ve had a go at Weednanna. Here there seems to be a greater variety of host rocks than at most of the other prospects, although in many cases it is very difficult to pick what the hosts originally were due to the extensive alteration. This prospect needs more work to try to sort out the alteration history, and the relationship between alteration and mineralisation. Without this information, it is very difficult to do useful geochronology. Some of the host rock is very biotite rich, and overprinted in patches by extensive chlorite alteration. 
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Biotite from this rock yields a discordant age spectrum, so we cant define a ‘plateau’ age. As you can see most of the gas yields apparent ages significantly older than the GRV or Hiltaba magmatism, and older than the alteration ages from other prospects. I’m not particularly confident of the reliability of this result, or of its geological meaning, but it would be consistent with a relatively early phase of biotite alteration at Weednanna. Even if this is true, we don’t know the relationship of this stage of alteration to gold mineralisation. 
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We also see sericitic alteration at Weednanna, where plagioclase is partially altered, but as at Nuckulla Hill it is very difficult to separate the sericite from chlorite, although we’ve had a go at it. 
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Overprinting sericitic alteration is a stage of coarse muscovite, chlorite and sulphide alteration. This coarse, euhedral muscovite is easy to separate and we’ve been able to date that. 
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So, to sum up what we’ve found. 1. 40Ar/39Ar dating of sericitic alteration yields consistent and we think geologically meaningful results where good quality, pure mineral separates can be obtained. 2. The consistency of sericite ages from Tarcoola, Tunkillia and Barns suggests an episode of alteration at ~1580 ± 10 Ma. 3. This alteration event is spatially associated with gold mineralisation and is probably the same age, and it also broadly coeval with regional GRV and Hiltaba magmatism, even though not all the deposits are necessarily associated with Hiltaba age magmatism at the prospect-scale. 4. At Weednanna and Nuckulla Hill the results are less clear. Particularly at Weednanna I think we need a better petrological understanding of the alteration and mineralisation history before trying any more geochronology. 
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When we look at the argon data as a whole from the Central Gawler gold prospects, it is clear that we have a lot of ages between 1570 and 1590 Ma. Everyone working in the Gawler Craton knows that this is the time of the GRV and Hiltaba magmatism, and it is obviously very tempting to make a direct link. I just want to raise a caution here about directly comparing argon data and U-Pb data. When we compare data obtained by different methods there are additional sources of uncertainty that are not quoted when comparing data obtained from the same method. For example, the plateau ages that I have quoted today, such as this age of 1583 ± 9 Ma from Tunkillia include uncertainties in the measured isotope ratios, and also uncertainties in the irradiation parameter. This is the appropriate level of uncertainty for comparing one of my argon dates with another one. However, the argon ages are calculated relative to a standard of assumed age, and so if we want to compare my ages with argon ages that were calculated against the age of a different standard, we must include the uncertainty in the standard ages. This blows the errors out to about ± 15 Ma at the two sigma level. Note that U-Pb SHRIMP ages are also calculated relative to a standard, so strictly ought to include the uncertainty on the age of the standard, but that is rarely included in the calculation. And then there is also the issue of the uncertainty in the value of the K/Ar decay constants relative to the U-Pb system. If we include those, the errors blow out to about ± 30 Ma at two sigma. That is why I have made a point of saying that the argon ages are broadly contemporaneous with Hiltaba magmatism, but haven’t tried to say whether mineralisation took place at say 1580 Ma versus 1590 Ma. We just don’t have that sort of age resolution. 
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To conclude, let’s go back to our original question. Are all the central Gawler gold prospects the same age? I’d say that for Tarcoola, Tunkillia and Barns, and answer is yes. At Nuckulla Hill and Weednanna it is possible they are also the same age, but I’d say we don’t have a good enough understanding of the prospects, or good enough quality geochron data. So the answer is maybe, and maybe not. But if I was an explorer I’d say the new data put the idea of a Central Gawler Gold Province on a firmer footing. Thank-you. 
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