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Strain localization mechanisms (or lack thereof) in a ~ 10 km wide, syn- to post-magmatic mylonite zone in the Famatinian arc
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Summary

Numerous mechanisms have been proposed to localize strain in crustal rocks (e.g. grain size reduction). In 
contrast, mechanisms also exist that could act against strain localization, leading to unusually wide shear 
zones, (e.g. reaction hardening, expulsion of water). Several of these processes may be active in a single 
shear zone, as a function of temperature, composition and time. In hot orogens (e.g. the South American 
Cordillera), the presence of large amounts of magmatism influences crustal rheology and strain localization 
processes, which can lead to wide shear zones such as the Cuesta de Randolfo mylonite zone (CRMZ) 
studied here. We use structural mapping, microscopy, U-Pb geochronology and MELTS modeling to under-
stand the structural evolution of the CRMZ and the influence of magmatism on shear zone development in 
the Famatinian orogeny, Argentina.  
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~490 to 455 Ma2,3 subduction along 
Gondwana margin led to:
-Famatinian arc (red box) → I- & S-type 
calc-alkaline intrusive and extrusive 
rocks, emplaced at all crustal levels.
-High-T metamorphism (red box).
-Syn-magmatic crustal shortening → 
ductile shear zones in mid- to deep-crust.

-Field evidence & geochronology 
indicates that shear zones start to develop 
during magmatism and continued until the 
end of the Silurian/Early Devonian. 

-Late Devonian/Early Carboniferous 
magmatism (orange box) crosscuts the 
ductile shear zones and marks the end of 
Famatinian deformation (green box).

Figure 2: Geologic map of the Sierras 
Pampeanas, NW Argentina, exposing 
rocks of the Famatinian orogeny. 

 - The orientation of solid-state foliation 
and lineation are indicated for major 
shear zones. 

 - Note the division of Famatinian arc 
rocks into two magmatic belts: S-type 
granitoids in the east and I-type granit-
oids in the west. 

Figure 3: SiO2 versus aluminium saturation index (ASI) plot 
of whole rock geochemical data from the Famatinian arc3.
 
 - Arc rocks comprise both metalumnious (dominantly in the 
S-type igneous belt) and peralumnious (dominantly in the 
I-type igneous belt) compositions. 

 - All the rocks from the CRMZ are peraluminous.
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Figure 4: Geologic map of the 
CRMZ. 

 - The CRMZ is divided into three 
compositionally, structurally and 
temporally distinct zones: the eastern 
domain, the western domain and the 
fault zone separating them. 
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Figure 5: Stereoplots of foliation 
data from the different domains in 
the CRMZ.
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Figure 6: Cross section A-B through the central part of the 
CRMZ. Shown are foliation traces and sense of shear as 
determined in the field. Numbers indicate the emplacement 
order inferred from U-Pb zircon ages and field relations 
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Figure 7: Dike of the two mica, tourmaline-bearing 
granite (pink unit) intrudes the older biotite-pla-
gioclase granite (blue unit). Strongly localized, ul-
tramylonite zones are associated with dikes and 
veins originating from the younger two mica granite. 

Figure 8: Mylonitic fault zone, placing the eastern 
domain (deeper section) on top of the western 
domain (shallower section).    
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Figure 9: Tourmaline pockets in the two mica gran-
ite (pink unit). This unit is rich in tourmaline and thus 
boron, which can significantly lower its solidus tem-
perature4,5. 

Figure 10: The east domain is dominated by the oldest intrusive unit consisting of biotite- and 
plagioclase-rich granite (blue unit) and dikes of the two-mica, kfeldspar-rich granite (pink unit). 
Microstructures show evidence for intense plag sericitization, minor kfs BLG recrystallization, 
qtz SGR and brittle fracturing of kfs.  

Figure 12: The west domain consist of two major units: the two mica, epidote- and garnet-bearing 
and tourmaline-rich granite (pink unit) and a biotite-poor but kfeldspar-rich granite (orange unit). 
Microtextures show evidence for submagmatic deformation, BLG recrystllization of kfs, plag SGR 
and qtz SGR and BLG recrystallization. 
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Stage 1: Emplacement of two mica granite; strain taken up by melt in W domain, 
and is distributed across the entire W domain. Bt-plag granite in E domain is below 
its solidus, behaves rigidly, and takes up little/no strain.

Stage 2: Protracted cooling of two mica granite; strain taken up by melt and possi-
bly feldspar SGR in the W domain, and remains distributed across entire domain.
 

Stage 3: Strain taken up by qtz SGR and minor feldspar BLG in both domains. 
Strain distributed across W domain but localized in E domain, where dikes of two 
mica granite intruding the bt-plag granite form weak zones that localize strain. The 
release of fluids from these dikes causes seritization in bt-plag granite, and rheo-
logical contrasts across contacts provide loci for localization.  

Stage 4: Strain taken up by qtz BLG and micaceous shear bands (sericitized plag) 
along the fault zone (major contact between the two different granites), and along 
earlier-formed narrow shear zones in the E domain. Strain highly localized. 
Figure 16: Plot showing age (Ma) versus Temperature (°C) of the two mica granite. 
Constructed using rhyolite-MELTS modeling5 with sample B7 as a starting composition 
(two mica granite) and a 2D conductive cooling model6 combined with zircon saturation 
temperature calculations8 and U-Pb age to convert to absolute ages.
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Figure 1: Plot showing the temporal evolution of the Famatinian orogeny(modified after 1). 

host
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Stage 3: subsolidus shortening, 
distributed in two-mica granite, 
localized in bt-plag granite. 
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Figure 11: The fault zone is characterized by the contact between the two-mica, kfeldspar-rich 
granite (pink unit) and the biotite- and plagioclase-rich granite (blue unit) comprising a mylonite 
zone. Microtextures show Kfs BLG recrystallization and intense qtz SGR and BLG recrystalliza-
tion as well as kfs brittle fracturing.    
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Figure 13: Plot showing the temperature range of microstructure 
formation for the biotite- and plagioclase-rich granite (blue unit). 
Estimates of temperature range are from 9,10.

Figure 14: Plot showing the temperature range of microstructure 
formation for the fault zone. Estimates of temperature range are 
from 9,10.

Figure 15: Plot showing the temperature range of microstructure 
formation for the two-mica, kfeldspar-rich granite (pink unit). Esti-
mates of temperature range are from 9,10.

- Strain localization (or the lack thereof) in the CRMZ 
is a function of (a) the temporal emplacement of intru-
sive units and (b) their composition:

a) The presence of melt causes strain localization into 
the youngest unit (two-mica granite), although strain 
remains distributed across this unit. 

b) In the bt-plag granite, fluid-induced sericitization 
leads to localized reaction weakening. This, together 
with rheological contrasts at contacts, leads to the for-
mation of narrow high-strain zones.  
 

Stage 4: localized strain along
fault zone & ultramylonites in 
bt-plag granite. 
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