EHaz Questions for Luca Ferrari 24 April 2008
McGill:
1. Is there a good age progression in the mafic pulse (from W to E)? And why is a slab detachment model favored as opposed to a plume model?
The age progression is pretty clear. See the graph below taken from Ferrari, 2004.  It shows that the mafic pulse last ~3-4 Ma and is migrating to the east at different rate.
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2. Is there a relationship between slab detachment (11Ma) and slab tear – are they the same thing?

Yes they are. The detachment is the process of breaking off the slab, which I proposed occur in central Mexico as a propagating tear. The slab first broke off at the site of the future Gulf of California following the end of subduction off Baja California. Although it is often illustrated in 2D it is intrinsically a 3D process and I proposed that the detachment propagated to the east and produced a migrating pulse of mafic volcanism.
3. What is the reason for the abrupt change for flat to steep subduction in the Cocos plate?  Why is the Cocos plate more difficult to subduct than the Rivera plate?

There is no evidence that the Cocos slab beneath the central Mexico is more buoyant than to the east or than the Rivera slab. This is intriguing and there is no simple solution. Recent numerical models by Manea and Gurnis (2007, EPSL) suggest that the presence of a low viscosity wedge led to a decoupling of the subducting plate from the upper plate and the increase in slab dip (see first slide). The LVW is related to the dehydration of the slab so a period of high convergence rate may have produced an increase in fluids released from the subducting plate. Another possibility is that North America actively overrode the Cocos plate in the early Miocene (i.e. Cocos do not retreat at the same velocity of the advancing NOAM), when the Chortis block moved to the east and the present Acapulco trench was formed. 
ASU:

1. The lack of evidence for regional uplift is presented as part of the argument against the plume model for the TMVB. However, if hot (buoyant) asthenosphere is flowing through a detached slab opening as depicted on slide 41, one might also expect uplift to occur above the hot asthenospheric flow. How is a lack of regional uplift reconciled with the detached slab model?
The impact of a plume head should produce a large domal uplift with an elevation of 2-3 km. See for example the case of the East African Rift (slide 2). This is not observed in western Mexico (see slide 3), when the plume is proposed to have impacted. The uplift induced by the slab detachment is more subtle and numerical models (slide 4) suggest that it cannot be detected in a region with a long and complex history of plate convergence. However, in the north-eastern part of the TMVB there are indication of an uplift in late Miocene times (slide 5 and 6) such as the outcrop of Precambrian and Paelozoic rocks in the Sierra Mare Oriental laramide fold thrust belt just to the north of the TMVB. In addition, in the coast of Veracruz 15-11 Ma subvolcanic rocks are exhumed and covered by 7-5 Ma mafic volcanism.
2. Why does the TMVB have such an irregular width?
This is mainly the effect of the irregular position of the volcanic front (slide 7), which, in turn, I think are related to the structure of the crust as well as the structure of the subducting plates. The Colima volcano is very close to the trench likely because there is a tear between the steeply dipping Rivera plate and the moderately dipping Cocos slab that enhance mantle melting there. The “embayment” to the south of Morelia may be due to the intersection of the Orozco Fracture Zone (OFZ in slide 7) which has the effect of promote an early dehydration of the slab so that when the plate arrives at the mantle wedge can release fewer fluids. There are also several older crustal structures ~orthogonal to the TMVB that may promote magma ascent an increase the width of the arc in the eastern part of the arc (slide 8 and 9)
Buffalo:

1) Why do you believe there is no plio- quaternary extensional faulting seen? (slide 39)

If you look at the figure in slide 10 you see that intra-arc extension took place where the slab dip steeper and seems absent where the slab is flat. This suggests that slab rollback may have induced extension. The role of pre-existing crustal structure is also important, at least in the west the TMVB cover the crustal boundary between the Jalisco block and the SMO and the Tepic-Zacoalco rift mostly reactivate this crustal boundary (Rosas et al, 1996, Geology; Ferrari and Rosas, 2000, GSA Spec. Pap.).  
2) How do we tell the difference between the subduction of a spreading ridge and a slab window?

Ridge are passive features formed at surface where two plate tear apart and the asthenosphere flow up to form new oceanic crust. When a ridge intersects a subduction zone a slab window is created instead, because no oceanic crust can be created in the mantle. 
3) Are there local age trends within any of the monogenic field similar to what has been found in the Springerville field where there is an W-E related plate motion?

In the Michoacan-Guanajuato volcanic field, which is one of the best studied monogenetic volcanic field, there is a migration to the S o SSW. This is not in the direction of the plate motion (WSW) but it is a general tendency observed in the whole arc where the volcanic front tend to migrate toward the trench.
MTU:

1. You mention that there is no seismicity beneath the TMVB, which is compelling evidence for a slab window or lack of a normally subducting slab.  From the tomographic images it is unclear where the detached slab would be today. Do you think it has reached a depth where is would be aseismic?  Would a detached slab initially produce more or less seismicity as it continued to descend into the mantle, and are there any other proposed active detachments where this might be studied?
Not only the detached part of the slab is aseismic (and hence only seen by seismic tomography) but also the leading edge of the subducting slab. This is because the slab is relatively young and hot and has already acquired a T at which no elastic stress can be sustained for long time. The MASE tomography indicates that the break in the slab is at ~500 km of depth. This agrees with my model in which the detachment occurred at this longitude at ~7-6 Ma (slide 11). 
SFU:

1. What trace element signature dominates the mafic volcanic pulse of the Miocene that you associate with the slab tear? What melting mechanism do you envisage and how would you describe the geodynamics of the mantle above the slab tear?
The geochemical signature of the mafic pulse between Tepic and the longitude of Mexico city is akin to subduction volcanism (Ferrari et al., 2000, Tectonophysics). To the east an intraplate signature dominate (Orozco et al., 2007, Lithos). Why? In my model I propose that the detachment promote melting of whatever mantle is present because of an increase in temperature induced by the upwelling sub-slab asthenophere. To the west of  Mexico city the mantle has been affected by a previous episode of subduction that produced the Sierra Madre Occidental in Eocene-early Miocene. To the east the mantle was unaffected by subduction in the past ~200 Ma, so the first melts are intraplate.   
UNAM:

1- What are the hypotheses to explain the gap in the occidental sector of mid-late Miocene?

 I have no simple answer for this. A possibility is that at this stage the slab was too young and/or too inclined so that not enough fluids were able to be released in at the required depth for melting. 
2- Could the absence of faulting systems in the eastern most part of the TMVB indicate minor extension in this area?  What can cause that?

 See answer to similar question by Buffalo
3- Can you give more details on the physical processes that associate the plate rollback with the convergence rate?

For slab rollback to occur the slab need to be decoupled by the upper plate (no suction force). The subducting plate always tends to sink in the mantle because of its negative buoyancy with respect to the asthenosphere. So, in general all slabs tend to retreat. However if the slab retreat at higher velocity that the upper plate migrate toward the trench you need extension (stretching) in the upper plate to keep pace with the retreating slab.If the slab break off it has more freedom to rollback. 
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