Detailed responses to the editor and reviewers:

________________________________________________________________________

Comments from the editor: 

"The reviewers, Tim Reston and Isabelle Contrucci, have both made a series of pertinent comments that should be addressed in your revised version. Both authors question the partially serpentinised mantle interpretation - I think your interpretation is a reasonable one, but you need to argue it more carefully. Prof. Reston suggests that the paper could be shortened a little - the text is a bit wordy, but the diagrams are all necessary. He also asks that you show data unobscured by lines of predicted traveltime - I agree on this point, and I think you should devise a way to show the fit between model predictions and data that still allows the data to be seen clearly. Dr Contrucci raises some issues about the provenance of the salt. A have a couple of additional comments of my own:
>>> Response:

1) About the interpretation of the partially serpentinised mantle, see reviewer1 comments 4 and 6, and reviewer2 comments 4, and 6-9. 
2) Some elements haves been removed the original manuscript, but additional argument has been added based on the reviewers’ comments and suggestions. The length of the manuscript remains almost similar after revision. 
3) The unobscured data are added for data figures, see reviewer1 comment 1.

4) The provenance of the salt, see reviewer2 comment 10.

1. It is not clear how the location of the sharp COB beneath OBS14 has been determined. OBS14 is not shown, but OBS15 nearby has fairly similar arrivals in both directions, and the velocity structure appears to change little across this boundary. On p5-6 you mention Keen et al.'s determination of the COB as being at the limit of the salt, but your COB is further seaward than theirs. Towards the end of the manuscript there are some arguments based on the reflection data - if the location is based on these data, the arguments need to be made much earlier in the paper. 
>>> Response:

 1) OBS 14 is shown in Fig. 6, as a replacement of OBS-15.

 2) The arguments based on the reflection data are now included in section 5.2.1. (Page 14)


2. My personal view is that Zelt's "resolution" parameter is mis-named - Fig. 10 does not show resolution, but rather the validity of the model parameterization. Where the model is over-parameterised, the "resolution" is low. I suggest that you modify slightly the way you describe this figure, show the locations of velocity nodes in the top panel of Figure 10, and include some text on p10 describing the node spacings and how they were chosen. Although it is commonly done, it is actually meaningless to interpolate the "resolution" values onto a grid - they are valid at the node locations. I do not insist on this, but you might therefore consider presenting the "resolution" data in a different way.
>>> Response:

1) Velocity nodes are shown in the velocity panel of Fig. 9 (originally Fig. 10).

2) "Resolution" is rephrased as “validity of the model parameterization”, see section 4.2. (Page 11); also see the caption of Fig. 9.


--------------------------------------------
Reviewer 1 Comments:

1 Please also show the data without the modelled traveltimes superimposed. It is not possible to judge the quality of the picks / modelled traveltime fit. This is a particular issue for figures 5, 6, 7 and 8 where the fine structure of the COT is determined.
>>> Response: The data without the travel times are shown for Figs 3-7 and A-1 to A-8.


2 Layer 3 on line 2 is rather fast - any comment? Would imply rather high degrees of partial melting and or massive fractionation which may be tricky in crust so thin. Also
gradient of layer 3 is very high - I have a problem with this interpretation.
>>> Response:

1) Layer 3 is reinterpreted as an “HVLC” layer. See Page 17 (section 5.2.3).
2) The gradient is attributed to serpentinization. See the last paragraph on page 17. 

3 In contrast Layer 3 on line 1 is very slow (not really commented on). These differences between the two profiles are very interesting and raise a lot of questions. I question whether the interpretation of these very different velocity structures in terms of the same oceanic layers can be justified. I do not necessarily have another interpretation however.
>>> Response: The reason for the difference between Lines1 and 2 is not resolved by the available data, although we suggest that this relates to a reduction in magmatism toward the northeast. Verification of this would require additional data correlating the two profiles.


4 You identify PSM beneath oceanic crust on line 2 (but not line 1). This is an interesting contrast. Have others identified such thick PSM beneath oceanic crust? Might the temperature of the new igneous crust possibly prevent serpentinisation beneath?
Or might you need to have episodic intrusion, coupled with deeply penetrating faults? If so this might imply that much of layer 3 might be PSM. Comment? 
>>> Response: 

1) A similar PSM layer beneath oceanic crust is observed along Flemish Cap line 1 (Funck et al. 2003). This is referenced in the manuscript. See the first paragraph in page 19.

2) Serpentinization of PSM layer is due to deeply penetrating faults. See the last paragraph in page 18. Intermittent intrusion might occur, but most of the melt may largely be trapped in the upper mantle due to incomplete separation. 
3) Part of HVLC (originally layer 3) is interpreted to be partial serpentinization. See section 5.2.3, page 17-18.



5 Is there any s-wave data to help constrain interpretation?  Layer 3 and PSM beneath oceanic crust are perhaps problems s-waves could address.
>>> Response: no S-waves have been observed on the vertical or horizontal geophone data.



6 Could PSM be a mix of mafic intrusions and unserpentinised mantle?
>>> Response: This is an interesting hypothesis which we believe is possible, however, seismic refraction and thermal models do not favor such an interpretation. See the last paragraph of section 5.2.4 in page 20.


7 The contrast between Lines 1 and 2 is I think the most interesting aspect of the paper. I would suggest that Figure 15 be in colour. It is far more important to discuss these difference than show the misfit figure in colour.
>>> Response: Fig.14 (originally Fig.15) is now in color.


6 Minor comments:
OBS locations by GPS? No, the surface positions of the deployments were located by GPS, not the seafloor locations.  Rephrase. Any OBS relocation carried out?
>>> Response: The seafloor locations are relocated by the RMS misfit of direct water arrivals. See the last paragraph at page 6. 



7 OBS positions projected onto great circle shooting track – does this mean that OBS not located on same great circle? Were OBS positions based on rectilinear assumption and shooting track then shortest path (great circle) between start and end points?


>>> Response: The seafloor locations of OBS are not exactly along the great circle and therefore need to project to the great circle. This is rephrased to avoid the confusion. See the last paragraph in page 6.

8 Error analysis - based on misfit of traveltime or of slope. If the former then the error analysis is not that useful. Far more important is the misfit of slope as this is misfit of velocity.
>>> Response: The method we used is to fit the traveltime picks, not the slope. However, if a phase is clearly identified and can be reasonably identified over a long distance, the slope of the arrivals should be fit as well.  See page 11.


9 Gravity misfit at 150-200 km is rather large - but not explained.
>>> Response: An alternative model for the misfit is added. See section 4.3 in page 12 and Fig. 10.



10 p. 13: Normal fault unrelated to crustal thinning. No – the normal faults you show have extended and thinned the crust somewhat, but perhaps only related to minor crustal thinning beneath the shelf. Please rephrase this. 


>>> Response: The text is slightly modified. See the first of paragraph 5.1 in page 13.

11 Figures 18: is it Line NS 1-3 or 1-2? The two figures do not agree.
>>> Response: Errors are corrected in Fig 17 (originally Fig.18).



--------------------------------------------
Reviewer 2 Comments:

1. Page 6, at the end of the "Geological setting" paragraph: "The continent-ocean boundary is generally considered to be seaward of the salt front ". You have to mention that others authors consider that along profile 89-1 the salt is not autochthon but allochthon (Sahabi et al., 2004). Those authors suggest that the salt moves from his original place during upper-jurrasic time, in response to the uplift (Avalon Uplift), which affect this area (Wade, 1981; Wade et McLean, 1990).
>>> Response: The allochthonous salt is mentioned in section 2 “Geological setting”. See the last two lines of page 5.


2. Page 7, typographic error at the end of the paragraph "Methodology": "define the seaward end of the model,.".
>>> Response: error is corrected.

3. Page 10, in the paragraph 4.1 "Velocity model": what is the Argo formation?
>>> Response: Argo formation is mentioned in the middle of “Geological setting” in Page 5.

4. Page 11, at the end of the paragraph 4.1 "Velocity model": "This layer is interpreted as a partially serpentinized mantle (PSM) layer". I think it's too early to make this assumption at this point of the paper, without any discussion. We know that P wave velocity alone cannot allow distinguishing between under-platting materiel and serpentinized mantle.
>>> Response: it is rephrased. See the last paragraph in page 10.


5. Page 13, paragraph 5.1 "The rifted continental crust": "The composite profile of MCS 88-1 and 88-1A converted from travel time to depth using the velocity model shows that the velocity structure is consistent with the reflectivity". Usually, vertical velocity from MCS are different from horizontal velocity from OBS. Bartolome et al. (2005) show that you can expect 10% of difference between the horizontal and the vertical velocities. That means that you would have had corrected your OBS velocity model of 10% to obtain a consistence between the velocity structure and the reflectivity.
>>> Response:  Results from Bartolome et al. (2005) indicate that the difference between the horizontal and the vertical velocities mainly occurs in the sediments and in the top of crust. The velocities in sediments and in the top of crust for this model, however, are constrained by and thereby consistent with sonic well data. See page 7, in the section “Methodology”. We would like to stick with the original statement.

6. Page 14, at the end of paragraph 5.1 "The rifted continental crust": "The absence of an underplated layer, as well the lack of SDR sequences, implies that the central Nova Scotia margin is non-volcanic". Please don't say at this point of the paper that the margin is non-volcanic. That is an important issue of this paper, and a discussion is needed as you say in the next sentence.
>>> Response: This sentence is removed. See the end of the first paragraph in page 14.


7. Page 15, paragraph 5.2.1 "Serpentinized upper mantle". I think that you have to change the title of this paragraph and put for exemple : nature of the anomalous velocity layer.
>>> Response: We believe that this change could confuse the readers. Instead, we change the title to “PSM layer” because this layer is labeled as PSM layer in section 3.3. This is consistent with the fact that our phase nomenclature is connected to subsequent interpretation. See page 18.

8. Page 15, paragraph 5.2.1 "Serpentinized upper mantle": "The lower layer of the transition zone between ~280 km and 480 km has velocities of 7.6-7.95 km/s and is interpreted to be partially serpentinized upper mantle". I suggest not beginning the discussion by this sentence, which supposes that you have already chosen your interpretation. I think that your argumentation to explain why you have serpentinized mantle is correct, but you don't talk about the Triassic volcanism observed onland on the Novia Scotia area and also on the Moroccan margin (Marzoli et al. 1999). A map with the extension of the volcanism and the location of your profile might be relevant to support your "serpentinized mantle" interpretation. As well as a comparison with the Moroccan margin and the S1 magnetic anomaly (Contrucci et al. 2004, Sahabi et al. 2004). What is the duration of the rifting? It is also an important argument to decide in which thermal regime the formation of the margin occurs to have clues on serpentinization or not (Minshull et al., 2001; Bown & White, 1995; White and McKenzie 1989). Others hypothesis can be discuss to explain the presence of anomalous velocity layer such as
high-pressure granulite/eclogite lower crustal rocks (see Gernigon et al. (2004) and
http://www.mantleplumes.org/). See also the discussion on the interpretation of the anomalous velocity layer on the Angola passive margin in Contrucci et al. (2004b).
>>> Response: 
1) The topic sentence is rephrased. See the first paragraph of section 5.2.4 in page 18.

2) Although a map of Triassic volcanism onland is not inserted,  it is discussed in the text. See the end of first paragraph of page 20.
3) The duration of the rifting is mentioned in “Geological setting” (page 5)

4) The thermal regime is consistent with Pérez-Gussinyé & Reston (2001), which is mentioned in section 5.2.4. 

5) A hypothesis of mix of mafic intrusion and unserpentinized mantle is discussed. See second paragraph in page 20.


9. Page 16, paragraph 5.2.1 "Serpentinized upper mantle": "There are no reflections at the base of the serpentinized layer in the MCS section". In that case, why do you see a Pn1 and a Pn on the OBSs?
>>> Response: Pn1 and Pn are identified as different phases because of their different phase velocity and amplitude; see for example, Fig. 7. There are no reflections at the base of the serpentinized layer in the MCS section because of minor velocity contrast between these layers.  

10. Page 24, paragraph "Comparison with regional magnetic anomaly" : "The ECMA along most of the margin up to MCS line 89-1 is roughly coincident with the distribution of the autochthonous salt". Can you take into account and/or discuss the new limit of the salt proposed by Sahabi et al. (2004), who propose that the salt is allochthonous along MCS line 89-1. 
>>> Response: The salt in this paragraph and in Fig. 17 (originally Fig. 18) is autochthonous, based on the recent results of Shimeld (2004), instead of allochthonous salt. The salt limit is similar to the result proposed by Sahabi et al. 2004.

11. Page 24, at the end of the paragraph "Comparison with regional magnetic anomaly". Can you suggest some hypothesis to explain why the ECMA have different origins along the margin, like stretched continental crust, serpentinized mantle or on the futher south SDRs? I know that is a hard work to do.
>>> Response: A detailed modeling of the ECMA is beyond the scope of the paper.  

Remarks concerning the figures: 1. Figures 3 to 7: can you put some velocities on the ray
tracing figures. "Serpentinized mantle" can be replaced by "anomalous velocity layer".
>>> Response: The velocities are added. See Figs 3-7, and appendix figures.

2. Figure 9: can you show the location of the ECMA along the magnetic profile?
>>> Response: The ECMA location is marked. See Fig. 8 (originally Fig. 9).

3. Figure 12: can you show the location of the ECMA along the MCS line?
>>> Response: The ECMA on line 88-1A occurs to the west of section shown in this figure.

4. Figure 15: can you show the location of the ECMA along the velocity profiles?
>>> Response: The ECMA location is marked for line 2, but not for line 1 because the ECMA disappears south of line 1.


5. Figure 9: can you show the location of the ECMA along the magnetic profiles and put a location map of the profiles?
>>> Response: The ECMA is located at 0 km. See caption of Fig.16.

