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Supplementary Information 

Crustal structure and seismic data.  The crustal models presented in Fig. 2 are 

based on densely spaced, high quality wide-angle seismic datasets analysed by different 

groups but using a similar approach, the traveltime modelling scheme of Zelt and Smith 

(1992).  These analyses for the Alarcon transect and for the western portion of the 

Cabo-PV transect are described in detail in the Ph. D. theses of Sutherland (2006) and 

Paramo (2006), and manuscripts describing the analyses other scientific details of all the 

transects are in preparation.  In particular we note that Sutherland (2006) conducted 

extensive tests using a modified version of the tomographic code described in van 

Avendonk et al. (1998) to rigorously test for structure along the Alarcon transect that is 

strictly required by the data.  The Alarcon model in Figs. 2 and S1 is the smoothest 

model that satisfies the data.  A key feature of this model is the substantial thinning 

beneath the Tamayo Trough.  Increased lower-crustal seismic velocity near the eastern 

continent/ocean transition suggest some magmatic underplating prior to lithospheric 

rupture, and we believe this underplating indicates the arrival of the EPR 

asthernospheric mantle into this segment (Fig. S2).  No such velocity anomalies are 
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indicated beneath the Tamayo trough, which had extended by a similar amount but was 

at that time underlain by what we suggest was depleted continental asthenosphere.  

Another feature of the Alarcon model is a variation in velocity and thickness within the 

ocean-crust portion of the model.  We note that the slower, western side of this ocean-

crust section lies beneath the transect where it runs particularly close to the northern 

boundary of the segment, which is the substantial deep of the southern Pescadero 

segment. 

Examples of wide-angle seismic profiles from the Guaymas transect are shown in 

Fig. S3.  All of the instruments recorded data of comparable quality on this and the 

other transects.  Numerous examples of data and model fits can be found in the theses of 

Sutherland (2006) and Paramo (2006), and manuscripts are in preparation.  The blue 

crosses in Fig. S3 are not traveltime picks for the instruments shown, but are the picks 

of phases observed on other instruments that share reciprocity with the instruments 

shown.  These reciprocity relationships demonstrate the quality of the overall dataset.  

As there were no land shots, the onshore REFTEK instruments have no reciprocal 

phases. 

Domains of rifting style.  Here we provide support for our notion that the Alarcon, 

Pescadero and Faralon segments, which we refer to as the south-central domain, share 

distinct structural characteristics.  In Fig. S5 we plot elevation profiles from along the 

transects shown in Fig. S4.  The profiles are aligned at the spreading-centre axes.  The 

horizontal lines indicate sea level, and the blue ticks at the western margins are set at 

500 m elevation.  We have put the tick of the southern Guaymas profile inboard 

(westward) of the relatively recent volcanoes near the coast.  If we consider the distance 

from the spreading centre to the 500-m point as a proxy for margin width, then the 

south-central segments are on average 100-km wider along the western margin than the 

other southern-gulf segments, with estimated total rift widths of ~200km for the 
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Guaymas segments, > 600 km for the south-central segments, and ~150 km for the 

Cabo-PV segment.  We note that the sediment input to the eastern margin is 

considerable greater than to the western margin, so that bathymetry alone is a poor 

indicator of extensional structures along the eastern margin.  The dashed lines indicated 

the general trend of bathymetry across the western margins.  The dashed lines across the 

south-central segments are drawn with the same slope, and the dashed lines across the 

Carmen and two Guaymas segments are also drawn with a common slope that is distinct 

from that drawn on the south-central segments.  Despite the qualitative nature of this 

figure and the influence of sediments, which results in Guaymas profiles that are 

substantially less steep then the basement along the northern Guaymas segment, the 

south-central segments are distinct in terms of both width and margin slope. 

A key characteristic of the Farallon and Pescadero segments is a deep spreading-

centre axis.  We demonstrate this in Fig. S6, where we plot the depth along the 

spreading-centre axes indicated in Fig. S4.  The narrow graben observed in the Farallon 

and the northern Pescadero segments probably reflects the presence of sediments within 

the rift valleys there, and so some sediments may overlie the basement even within the 

axial graben.  The depth to basement at these axes may thus be greater than the ~3.3 km 

shown in Fig. S6, as it is in the southern Pescadero segment.  These depths suggest that 

considerably less crust is produced at the Farallon and Pescadero spreading centres than 

at the Alarcon rise, where new oceanic crust has the geochemical signature of the EPR 

MORB source (Castillo et al., 2002). 
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Supplemental Figure Captions 

Figure S1.  Crustal seismic models shown with marine magnetic anomalies 

reduced to the pole from shipboard data acquired during the experiment, with 

various interpreted chrons.   

Figure S2.  Alarcon segment crustal section reconstructed to the onset of 

seafloor spreading.  Magmatic underplating is observed near the 

continent/ocean transition but not beneath the Tamayo trough.  This difference 

in magmatic underplating for the same amount of extension suggests that the 

asthenospheric mantle was less fertile during extension beneath the Tamayo 

trough than during extension at breakup, which occurred over EPR 

asthernospheric mantle. 

Figure S3.  Examples of wide-angle seismic profiles from the Guaymas 

transect.  The blue crosses are not traveltime picks for these instruments but 

rather the picks of phases observed on other instruments that share reciprocity 

with the instruments shown.  As there were no land shots, the onshore REFTEK 

instruments have no reciprocal phases. 

Figure S4.  Map of the southern Gulf of California.  White lines indicate tracks 

along which elevation profiles plotted in Fig. S3 were extracted.  From north to 

south these are the northern Guaymas, southern Guaymas, Carmen, Faralon, 

Pescadero (northern), Alarcon and Cabo-PV segments.  The red lines indicate 

tracks along which the axis elevations plotted in Fig. S6 were extracted. 

Figure S5.  Elevation/bathymetry profiles across the spreading segments of 

southern Gulf of California along the tracks indicated in Fig. S4.  Thin horizontal 

lines indicate sealevel, and blue tick marks indicate 500 m elevation.  Profiles 

are aligned at the spreading centres.  The south-central segments, coloured 
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blue, have wider (by >100 km) and less steep western margins than the other 

southern gulf segments.  The bathymetry of the eastern margin is not a good 

indicator of rift-related crustal structure since this margin is heavily sedimented.  

Dashed lines highlight the similar slope shared by the south-central segments 

and that this slope is distinct from the other segments in the southern gulf. 

Figure S6.  Depth along the spreading-centre axes indicated in Fig. S4.  The 

narrow graben observed in the Faralon and the northern Pescadero segments 

probably reflects the presence of sediments within the rift valleys there, and so 

some sediments may overlie the basement even within the axial graben.  The 

depth to basement at these axes may thus be greater than indicated, as it is in 

the southern Pescadero segment.  These depths suggest that considerably less 

crust is produced at the Faralon and Pescadero spreading centres than at the 

Alaracon rise, where new oceanic crust has the geochemical signature of the 

EPR MORB source (Castillo et al., 2002). 

Figure S7.  Multi-channel seismic profile across the rift graben of the northern 

Gauymas rift segment.  Sills intruded into sediments are indicated.  The sills 

disrupt the reflectivity of underlying sediments.  Seismic velocities indicate that 

the intrusion/sediment ratio increases with depth.  A shallow sill beneath the rift 

axis provides the thermal energy to drive hydrothermal circulation within the rift 

valley, where a hydrothermal mound is observed. 
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Figure S2 
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Figure S4 
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Figure S5 
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Figure S6 
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Figure S7 

 


