Mc Gill Questions:
1. What types of things can trigger volcanic eruptions? How can fractional crystallization trigger an eruption? Once erupted, what might drive the recharge events? Finally, how might we predict these events?
1) Tectonic events, i.e. external forces opening a conduit.

2) Pressure buildup within magma reservoir, such that internal pressure exceeds external pressure:

(a) magma recharge

(b) fractional crystallization of anhydrous minerals, resulting in volatile exsolution

(c) assimilation of carbonates (cf. Merapi, linked to 1 above).

Recharge depends on availability of magma from depth. Magma rises due to density differences.
Prediction of tectonic events still very difficult, although progress is being made.

Shallow magma reservoirs can be monitored, using tilt-meters, microgravity meters, GPS and laser ranging for ground shifts, volcano seismographs.
Deep seated magma is more difficult to monitor. Insights to its existence may be gained from geochemical monitoring of volcanic gases (e.g. 3He/4He, SO2 versus H2S).
2. The Lithos paper (Arc Dacite Genesis) talks about the precaldera processes (fractional crystallization, fractional crystallization with  assimilation of small amounts of crustal material, and limited magma mixing (If I understand it correctely...))as being different from post caldera processes (mainly magma mixing). What causes this shift in differentiation processes?
Not sure, but recent decrease in magma flux rate could be an explanation in the light of the work of Zellmer (2008).
The postcaldera dacites are more primitive than the precaldera rocks (see figure 5). What could be the cause of this (in terms of the above mentioned processes?)

Also note the lower Y in Fig. 4d, and the stronger MREE depletion. Both point to amphibole involvement. PCD’s may have had more residual amphibole during partial melting at depth.
3.  What other lines of evidence exist that point to the possible remobilization of 'old' magma?
I presume by “other” you mean other than U-series. For example, Ar-Ar dating of crystals versus groundmass shows that old crystals are common in porphyritic andesites of the 1996 Montserrat lava dome (Harford et al., 2002).
Also crystal size distribution studies may show that there is more than one crystal population, but unfortunately does not give an absolute age unless crystal growth rates can be exactly determined.

ASU Questions:

1)  You mentioned that the thermal energy required to melt a basalt would be quite high, but that a hydrothermally altered basalt would have a lower melting temperature.  Would you be able to learn anything from the δ18O signatures of the melt?  Would they be depleted relative to melts of similar compositions that were not derived from melting pre-hydrothermally altered rock?  I know that δ18O of magmas is not readily affected by magma-water interaction due to the slow effusion rates, but wasn’t sure about the effect of a hydrothermal altered material.
Yes, hydrothermally altered mafic rocks will have low δ18O, so this may give insights. Hydrothermal alteration may also lead to enrichment of SiO2 and alkalies. However, any geochemical study will have to be supported by quantitative analysis of the data. For example, if assimilation is involved during petrogenesis, what is the δ18O signature of the assimilant, how much of it accounts for the δ18O of the magma, and how much is derived from the hydrothermally altered source.
2) Have you seen any correlation of magma flux to convergence rates and/or arc geometries?  We discussed on Wednesday that a dome could transition into lava flow if extrusion rates were increased.  Is it possible to assess this given your dataset?
Walker (1973) discussed the length of lava flows as a function of extrusion rate for mafic melts (basalts and basaltic andesites). So domes may form by very slowly effusing mafic melts. Presumably flows may also form by very rapidly effusing aphyric rhyolitic melts. I would argue that porphyritic intermediate compositions always erupt as domes. Most studies are not sufficiently detailed due to difficulties in measuring effusion rates precisely enough, so data are very limited.
3) Similar to the previous question, shouldn’t we expect to see variable U-series results for lava domes, which could reflect faster or slower effusion rates rather than long residence times?  That is, if a short-residence-time magma erupted slowly and created a lava dome, wouldn’t the U-series data reflect younger ages?  Has this been recognized?   
Yes, the reasoning is correct. Again, there are not sufficient data. Geochemists usually work with powders and do not care too much about eruptive style…

4)  Is there any link between highly alkaline rocks and convergence rates, arc geometry, or crustal thickness?  i.e. does there seem to be preferentially metasomatized regions within different arc settings?

I do not think there has been any research on this, comparing arcs on a global basis. However, I guess one must distinguish primary alkalinity (related to the source) from secondary alkalinity (related to metasomatism).
Looking at the latter, one should check areas with evidence for hydrothermal activity, e.g. NZL.

5) Cosmogenic beryllium 10 (10Be) is fluid mobile, incompatible, and has a half-life of 1.51 million years. Can you see a role in using 10Be to determine residence times of basaltic and andesitic rocks above fast subduction zones? 

Interesting thought. 10Be concentration depends on the amount of sediment addition and on sediment transfer time (Tera et al., 1986, Morris and Tera, 1989). In principle, within an individual arc, where subduction velocity is well constrained, and if it can be assumed that along arc sediment addition to the source is constant (e.g. through other geochemical tracers indicative of the sediment contribution, such as Ce/Ce*), it may be possible to use 10Be to broadly distinguish crustal magma transfer times. This has not yet been attempted.
UNAM Questions:
1) In Zellmer (2008), it says that crustal thickness is not a first order parameter, but in Zellmer et al. (2005) it says that assimilation is needed to produce more viscous (felsic) magmas.  So what other factors can contribute to the production of more viscous (felsic) magmas?  Rhology of the crust?   Tectonic regime (extension – compression).

Straub et al. (2008) argues that andesites and potentially even dacites may sometimes be produced in the mantle. However, if we preclude this mechanism, i.e. if there is evidence for crustal assimilation, I guess any factors that enhance that assimilation will contribute to the production of more felsic magmas.
a) Stresses may hinder efficient magma transport to the surface, resulting in more assimilation (compression; edifice loading cf. Pinel & Jaupard, 2004; earlier intrusions, cf. Roman et al., 2004).

b) Rheology or rigidity of crustal lithologies may also play a role in hindering magma transport (cf. Kavanagh et al., 2006).
2) What condition (size and/or form of the crystals, zoning etc.) do we need to take into account before applying geospeedometry?  How precise is this technique?
Euhedral crystals are easiest to deal with. However, the most recent computer programs (Dan Morgan, Univ. Leeds) allow modelling of complex crystal growth processes, which may provide more detailed insights into the crystallization history of the system, but arguably does not change the first-order results.

The technique is usually limited by our knowledge of the diffusion coefficient (uncertainty factor of ~2, particularly for anisotropic diffusion). It is also limited by sampling density and analytical errors. And finally by uncertainty in temperatures (100 deg C ~ 1 order of magnitude difference in time for many systems. So the order of magnitude of an estimate should be correct, I would be careful when better confidence is quoted.
3) How is the surface heat transfer measured?  Does the subduction angle affect the rate of surface heat transfer?
In practice, surface heat flux can be measured though temperature variations from caves, mines, deep (>300m) boreholes, applying known thermal conductivity values of the rocks. However, due to short wavelength variations, particularly in volcanically active areas, Zellmer (2008) uses the model of Shapiro and Ritzwoller (2004) that constrains average surface heat flux on basis of seismic velocities in crust and upper mantle. I have not found any correlation with subduction angle, and would not necessarily expect one, as it seems that surface heat flux is dominated by advected heat of upper crustal intrusions, rather than subcrustal processes.
Buffalo Questions : 

1) The convergence rate of magma is associated with slab melting, which in turn is correlated with a greater heat flux.  Most of the volcanoes used in the first order observations paper followed similar trends on both the heat flux chart as well as the convergence rate, but the Mexican volcanoes did not.  This particular volcanic belt showed a high correlation with regard to convergence rate, but not heat flux.  Does this have something to do with the geometry of the region (slab window and whatnot)?
It may have to do with a slab window in that region, which would result in a hotter wedge that would increase the total heat flux. In Western Mexico, there is significant crustal extension related to the opening of the Gulf of California, and this may have had a strong effect on surface heat flux.
2)  If the only volcanoes included in the study are effusive, how applicable is the data in a more  holistic volcanic situation?  

Can these viscosity correlations be generalized to all volcanoes?  

Why or why not?
This is hard to say. Water content has a large effect on viscosity, so explosive eruptions from undegassed magmas fall in a different category. However, to quote John Eichelberger: “I'm tending to think it's crystallinity that controls explosiveness as well. If the magma is highly crystalline, it is therefore highly viscous and so when you get a fragmentation surface propogating downward into the conduit it can't respond by drawing magma in from the reservoir. It's self-extinguishing rather than self-sustaining (i.e., plinian).” So that would indicate that large explosive eruptions should be more common at arcs with greater magma throughput, i.e. greater convergence rate. This should be tested. However, since Plinian eruptions are not so common, the statistics may be problematic…
SFU QUESTIONS:

1) What is a Regular Arc? On what is based the definition of it? (Zellmer, 2008)

Zellmer (2008) defines all arcs as regular that do not show irregularities in the downgoing slab or unusual deformation within the overriding crust. This is basically justified through Fig. 1 of this study, which shows that for irregular arcs, surface heat flux and lava viscosity do not correlate.
2) Do you think that the oceanic arcs are similar at the continental arc for the relation between lava dome proportion, surface heat flux and plate convergence rate?  (Zellmer, 2008)

Lava dome proportion and plate convergence rate: yes – see Fig. 3 of Zellmer (2008).
Lava dome proportion and surface heat flux: no. Oceanic arcs are too narrow to be resolved by the Shapiro and Ritzwoller surface heat flux model. Also, back-arc spreading may elevate heat flux in the back-arc. Oceans on average have higher heat flux than continents. Because heat flux resolution is not sufficient, oceanic arcs have not been plotted in Fig. 1.

Due to the specific characteristic (thinner crust ,  back arc,…) of the oceanic arc, how should change the relation between the three main parameter (between lava dome proportion, surface heat flux and plate convergence rate)?

Crustal thickness may have a second-order control. Lava domes are rare on most oceanic arcs with thin crust (Fig. 2), but these arcs also have high convergence rates (Fig. 3) so in is not clear how much of a role crustal thickness plays. Note that ANT, SAN and HAL all have roughly the same relatively high crustal thickness, but dome proportion seems to be controlled by convergence rate. Back-arc spreading will likely result in higher heatflow at some oceanic arcs (although this is not testable with current heat flux resolution), but crustal rifting in continental arcs (e.g. AEG) does not seem to have a big effect, although can have an impact when it is extreme (e.g. NZL).
MTU QUESTIONS:

1) How does the process (magma production and transfer through the crust) change over time, for a crust with high vs. low magma production rate (especially in the upper crust)? Does it reach“steady state equilibrium”? In this context how does a slower (longer residence time in the crust) vs. faster magma transfer affect the crust (e. g. the geotherm) over time? And how does the idea of maturation of the crust play into this?

Interesting questions that are very hard to answer. One has to collect data on the evolution of subduction zones through time (i.e. over tens of millions of years). My current insights are based on the Holocene eruption database, and therefore cannot provide answers.

With regard to steady state, I think that the available dataset from the last 10 ka points to steady state, so I think on this time frame steady state is achieved. On much longer time scales, one may speculate that non-steady state processes (e.g. as lower crustal delamination of dense cumulates) may play a role.
With regard to crustal evolution / maturation, see below.
2) In which case would you expect to have more magma being intruded into the crust? Would arcs with a higher magma production rate have a lower proportion of intruded vs. erupted material compared with arcs with a low magma production rate? How would this impact crustal structure evolution (also related to the first question)?

Yes, higher magma production rates would have lower proportion of ultimately intruded vs. erupted material, at least in regular arcs. On average, lavas erupted at arcs with lower magma production rates would be older – if one can exclude assimilation of ancient crust.

With regard to maturation, it depends on what you mean by it. If you mean the age of the crust, then this is not necessary linked to the current subduction zone, but may be much older (10^8 years and above). If you mean the average differentiation of the intrusive bodies originating within the current subduction system, then I would speculate that greater melt production rates would inhibit freezing and therefore lead to magmatic bodies that less ephemeral, thereby providing more time for differentiation and more energy for partial melting of ancient crust.
3)Can U-Th and Ra-Th isochrons be obtained from the same mineral (grain)? In that case, would they have to agree?

Mineral separates: yes. Individual grains: no, because for analysis of individual grains high concentrations of U/Th/Ra are required. Can be done for U/Th in zircons, allanites and apatites, although the latter are ususally too small. Ra on single crystal is not yet possible, I think.

Age agreement depends on crystal growth history. If crystals grow rapidly with respect to Ra/Th system, and do not have old cores, then age agreement would be expected. If growth is prolonged or old cores are present, age agreement is not expected. Age difference can then be used to make interesting inferences about crystal growth histories (e.g. Turner et al., 2003).
4) In the context of the crustal hot zone model, if magma remobilizes part of the melt (+ crystals) that have been residing there, you would expect  to get older ages for those. Would you expect in general to get older ages for the phases that crystallize from more mafic melts (e. g. olivine)?

Crystal ages usually are derived from mineral isochrons. If good isochrons are obtained, one can be confident about the age. It is hard to determine absolute ages of an individual mineral phase with confidence, as these would be based on 2-point isochrons, which may be unreliable due to processes such as prolonged crystal growth, mixing of old cores with young rims, etc.
However, zircons crystallized from rhyolites may give very old ages due to their good preservation potential and hence crystal recycling. So no, mafic melts would necessarily not give the oldest ages.

