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Supplementary materials 

1. Gravity data and Euler deconvolution technique
We present in this section part of the geophysical data used for the study. Gravity data for the area determined by the coordinates 34º-37ºS and 67º30’-72ºW was obtained from the database of the Instituto Geofísico Sismológico “Ing. Fernando Volponi”, of the University of San Juan (Argentina). Bouguer anomaly was analyzed with the techniques of Analytic Signal (Nabighian, 1972) and Euler Deconvolution (Roy et al., 2000; Mushayandebvup et al., 2004) in order to locate contacts corresponding to gravity contrasts and estimate their depth (Fig. S1). 
Analytic signal allows the detection of discontinuities in the subsurface through the analysis of the derivatives of the gravity field in different directions (two horizontal components and one vertical). In the study area, this technique was useful to determine first-order contacts between areas of basement and sedimentary basins (Fig. S1). The analytic signal map shows the boundaries of Neuquén basin deposition and the basement of the San Rafael block. Euler Deconvolution is based on the application of Euler’s homogeneity equation. in a mobile window for a fixed width and parameter termed structural index. The structural index is associated with the geometry of the generating source, and is represented by a varying number from 0.5 - 2 (Roy et al., 2000). For the particular case of this study, the best results were obtained with a structural index of 0.5 (Barbosa et al., 1999; Roy et al., 2000; Cooper, 2006). Window width was adapted to the structural dimensions of the target. In this study, we used a window width of 10 km over a 1 x 1 km grid, considering a 10% margin of error. For each position of the mobile window, a linear system of over-estimated equations is used to obtain the position and depth of the sources. Linear features obtained by joining the solution points of the technique can be interpreted as deep geological structures.

Within the study area, Euler Deconvolution only detected one important linear feature, interpreted as the sub-surface continuation of the Santa Elena lineament observed on the surface (Figs. S1 and 4). 
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Figure S1. Map of Analytic Signal of the Bouguer Anomaly. The black box marks the map of Figure 4. Color points mark the solutions of Euler deconvolution technique according to depth. Dashed line marks the approximate location of the Andean orogenic front.
2. On the uncertainties in shortening obtained from the cross-section

We have used the software AreaErrorProp (Judge and Allmendinger, 2011) to estimate the error on shortening obtained from the balanced cross-section. Different sources of error include uncertainties in depth to detachment, shape of the deformed wedge, stratigraphic thickness of units, eroded hanging wall cutoffs, and deformation by minor structures not accounted for in the section (Allmendinger and Judge, 2013). The software calculates error using area balancing and uncertainties assigned by the user to vertices of a polygon enveloping the deformed section. According to these authors, the principal source of error corresponds to the initial shape and thickness of the orogenic wedge (Allmendinger and Judge, 2013). In thin-skinned FTBs, the cases analyzed by Judge and Allmendinger (2011) and Allmendinger and Judge (2013), this corresponds to the stratigraphic thickness involved in the deformation. Since our case study is a thick-skinned FTB, it would correspond to the depth to the basal detachment of the orogenic wedge, located within the basement. 
The errors that we obtained are therefore correlated with the uncertainty assigned to the detachment depth. We used 51 vertices to define the enveloping polygon, and assigned horizontal and vertical uncertainties between 0.1 and 0.5 km depending on the distance to the surface. Depth to detachment was 10 km in the eastern end of the section and 11 km in the western end, and we varied the uncertainty assigned to these values. With 10 ± 0.1 km and 11 ± 0.1 km, the shortening and Gaussian error obtained are 26.2 ± 3.2 km. Increasing uncertainty to 10 ± 2 km and 11 ± 2 km yielded  26.2 ± 18.6 km.  Therefore, uncertainty on shortening depends directly on uncertainty in depth to detachment. We have used the best constrains available for this value, derived from structural cross-sections constructed along the Malargüe FTB (Giambiagi et al., 2008, 2009a) and from geophysical modeling (Farías et al., 2010). We consider that uncertainty associated with this parameter is low, and therefore the error should be closer to the ± 3 km value.
3. Sensitivity of shortening calculation by crustal balancing to magmatic additions
The calculation of bulk shortening presented in section 9.2 assumes that crustal area is conserved and tectonic shortening is the only process that contributes to crustal thickening. This neglects the role of other possible contributions to thickening, including magmatic additions, and the removal of crustal material by erosion. 

While it is widely acknowledged that crustal thickening in the Andes was achieved mainly through tectonic shortening, magmatic additions may provide a secondary contribution (Schmitz, 1994; Haschke et al., 2002). Different calculations carried out for the Central Andes have given variable results, with estimated magmatic additions ranging from 1.5% (Francis and Hawkesworth, 1994) to 20% (Schmitz, 1994). Some researchers have proposed a model in which processes of crustal thickening in the Central Andes vary spatially with tectonic shortening in the eastern part and magmatic additions in the western part (Kono et al., 1989; Sempere and Jacay, 2008).

We performed a calculation to estimate how shortening would change if magmatic additions (or any process contributing to thickening other than tectonic shortening) were taken into account (table S1 and Fig. S2). If magmatic additions contributed to 20% of the crustal shortening (Schmitz, 1995), the highest estimate we found for the Central Andes (21ºS), a region with more magmatic activity than the Southern Central Andes where we carried out our study, an average initial crustal thickness (T0) of 37 or 38 km is needed to obtain values comparable to those from cross-sections. These values of T0 are still too high to permit the Cretaceous marine ingressions, and still require a block of thicker crust (~40 km) to the west of the study area when stretching in the Neuquén basin is considered. In order to obtain a shortening of 50 km, similar to cross-section estimates, with T0=35 km, magmatic additions have to account for 60% of the crustal thickening. 
Therefore, we consider that realistic values of magmatic additions (up to 20%) do not make a significant difference in the shortening estimates. 
The material removed by erosion is harder to estimate. Erosion of Neuquén basin strata can locally reach 2-3 km, but Late Cretaceous units which correspond to the latest deposits in the basin are preserved in other places. The thickness of Cenozoic deposition, including pre- and syn-orogenic strata, is unknown. Fission track studies are underway and may provide some stronger constraints on exhumation amounts. In spite of this, compared to total crustal area (Fig. 18), the eroded volume was probably insignificant. Furthermore, if the volume of eroded material is added to present crustal thickness, the calculated shortenings would be higher, so the conclusions of 9.2 would remain the same.  

	 T0
	No magmatic additions
	1.5% magmatic additions 

(Francis and Hawkeworth, 1994)
	10% magmatic additions
	20% magmatic additions (Schmitz, 1994)

	35
	123.6
	121.8
	111.24
	98.88

	36
	95.2
	93.7
	85.7
	76.2

	37
	70.1
	69
	63
	56.1

	38
	51.1
	50.3
	46
	40.9

	39
	37.4
	36.8
	33.7
	29.9

	40
	27.9
	27.5
	25
	22.3

	41
	20.3
	20
	18.3
	16.24

	42
	14.3
	14.1
	12.9
	11.44


Table S1. Bulk crustal shortening calculated considering different estimates of magmatic contributions to crustal thickening.
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Figure S2. Plot of Initial Crustal Thickness vs. Crustal Shortening.
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