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LASS U-Pb METHODOLOGY 

U-Pb zircon ages and trace element geochemistry were obtained by in situ laser ablation

split stream mass spectrometry at the University of California-Santa Barbra following the 

methods of Kylander-Clark et al. 2013. Zircon with magmatic textures were selected using 

cathodoluminescence images and ablated with 20 µm spots. The resulting analyte was split into a 

multi-collector ICP-MS for U-Pb isotopic analysis while simultaneously measuring trace 

elements using a quadrupole ICP-MS. Whole rock major and trace element geochemistry was 

generated by XRF and ICP-MS respectively at Washington State University. 

We intentionally refrain from calculating weighted means or other statistical treatment to 

obtain singular U-Pb zircon dates for individual hand samples. Such treatment of requires 

arbitrary filtering of datasets which span ~600 k.y. in order to produce an accepted MSWD of 

~1. This may produce a singular age but it would not be geologically meaningful for a plutonic 

hand sample. Although we show distinct chemical populations for coeval samples of the Huemul 

pluton, within the precision of the LA technique we are unable to accurately filter our dates by 

time on the hand sample scale (see arguments laid out in section 6.1 of Samperton et al., 2015). 

We note that at least two obvious Risco Bayo antecrysts are present in Huemul Afs granite 

samples RB1515 and HU1503. 

MODELING SETUP AND PARITION COEFFICENTS 

Model setup for mafic fractional crystallization curves in Figures 2A, B, and C use the 

same starting composition and Kds for Rb. Theoretical mafic parent similar to ones used in this 

region of the Andes (Costa and Singer, 2002).  

Starting Composition: 

Rb 49 ppm 

Ba 300 ppm 
Zr     90    ppm 

  Th   5.5    ppm 
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Partition coefficients from Rollinson, 1993; Bacon & Druitt, 1988 

 

Silicic models on Figure 2B, C use the same starting composition. Bracketing fractional 

crystallization models in Figure 2C are made with end member partition coefficients. 

Fractionating mineral assemblage resembles that in the Huemul qtz monzonites.  Melt evolution 

determined by the Rayleigh fractionation (Eq.1) and bulk cumulate evolution (Eq.2) equations: 
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Where 𝑪𝑳 is the trace element concentration in the liquid, 𝑪𝟎 is the initial trace element 

concentration in the starting magma, 𝑪𝑹 is the trace element concentration in the total residual 

solid, F is the fraction of melt remaining, and D is the bulk partition coefficient. Equations from 

Albarede, 1995.  

 

Starting Composition:    

   Rb 182 ppm 

   Ba 652 ppm 

 

 
 

Partition coefficients from Rollinson, 1993; Bacon & Druitt, 1988; Mahood & Hildreth, 1983; 

Bachmann et al., 2005.  

 

Crystallization models in Figure 2B  use the same starting composition as Figure 2C but  

account for zircon saturation (Boehnke et al., 2013). We are unable to model Zr evolution using 

Kds as in 2C because partitioning will not approximate a Henry’s Law relationship due Zr being 

a stochiometric constituent of zircon. Instead we compare a crystallization model without zircon 

present (thus Zr is incompatible) to the minimum Zr evolution required to saturated zircon. This 

is done following the methods of Keller et al. 2017 using the zircon saturation equation of 



Boehnke et al. 2013 with calculated temperature and major element (M parameter) evolution 

generated from alphaMELTS (Smith and Asimow, 2005) using the same starting composition. 

We take the minimum of these two models as our Zr evolution liquid curve which now accounts 

for zircon saturation without any assumptions of crystal fraction or partitioning. Once zircon 

saturates we then assume any Zr not in the melt is in the solids to measure the bulk cumulate 

evolution.  A check of our melt and cumulate curves is performed to ensure mass balance is 

maintained (Table DR3). 

 

Eu mass balance calculations were performed on the Huemul domains following mixing 

equation 3: 

 

                                                              (Eq.3) 

 

Where C Afs, and C QM are average whole rock concentrations of either Sm, Eu, or Gd in the Afs 

granite and qtz monzonite domains respectively. XAfs is the modelled fraction of Afs granite melt 

extracted from a mush with starting composition equal to Huemul granite. Mass balances for 

each element are calculated separately using equation 3 and then used in the calculation of the Eu 

anomaly (Eu/Eu*). In this way the Eu/Eu* of the granite domain can be compared to the Eu/Eu* 

obtained via mass balance (Table DR4).  Rare earth element plots in Figure 2D are normalized to 

chondrite of Sun and McDonough, 1989. 

 

 

GEOLOGIC DOMAINS 

 Throughout the manuscript, we rely on designation of distinct magmatic domains which 

have been established through a combination of geologic mapping of lithologies, bulk rock 

geochemistry, U-Pb zircon age ranges, and zircon trace element geochemistry. These group 

names, which in detail contain some lithologic variation typical of granitoids (Fig. DR3), are 

used for convenience and encompass more observations than solely rock type.  
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Figure Captions: 

Figure DR1: Photos of field relationships, magmatic contacts, and miarolitic cavities in the RBH 

pluton. 

Tables DR1-DR4



Figure DR2: Map of RBH pluton with added cross section lines A-A’ (no vertical exaggeration) 

and B-B’’’ (vertical exaggeration of ~2). Solid lines are sharp contacts; dashed lines are 

gradational contacts; dotted lines are inferred.  

Figure DR3: QAP ternary of rocks from the Risco Bayo-Huemul pluton. Normalized to 100 modal 

% of quartz (Q), alkali feldspar (A), and plagioclase (P). Fields represent [1] alkali feldspar 

granite; [2] syenogranite; [3] monzogranite; [4] granodiorite; [5] tonalite; [6] quartz alkali 

feldspar syenite; [7] quartz syenite; [8] quartz monzonite; [9] quartz monzodiorite, quartz 

monzograbbro; [10] quartz diorite, quartz gabbro, quartz anorthosite; [11] diorite, gabbro.  

Fields from Streckeisen, 1976. 

Figure DR4: Harker diagrams of Risco Bayo-Huemul plutonic complex. A notable compositional 

gap is present within the Huemul pluton between ~70 and 75 wt.% SiO2 in most elements.  

Figure DR5: Full thin section xpl/ppl images (~27 x 46 mm, n=4) and enlarged xpl 

photomicrographs (n=7) of porphyritic qtz monzonites from the Huemul pluton. The textural 

features we suggest might be cumulative include: concentration of mostly interlocking 

euhedral feldspars with intestinal finer-grained aggregates of anhedral quartz and kspar; 

different zoning patterns of adjacent feldspars; coarse grained concentrations of plagioclase; 

and synneusis textures (Vance, 1969). 

Figure DR6: Example cathodoluminescence images of RBH zircon analyzed by LASS.  

 

 



Roof exposure of the Huemul pluton in contact with 
hornfels wallrock (MV) and Tatara-San Pedro lavas (TSP). 
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Example Risco Bayo magmatic contact between the �ne 
grained diorite (fgd) and granodiorite (gd) domains.  

fgd

gd

fgd

Example Risco Bayo magmatic contact between the 
�ne grained diorite (fgd) and gabbro (g) domains.  

Magmatic contact between Risco Bayo porphyritic 
diorite (pd) and Huemul qtz monzonites (qm). 
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Figure DR1

Portion of the ~2000 m2 zone of 
miarolitic cavities in Huemul Afs 
granite domain showing. Cavitiy 
abundance estimated at ~10 vol.%

Hand sample of Huemul Afs granite from the miarolitic cavity 
outcrop (left). Enlargement of individual cavity (right) in�lled with 
euhedral tourmaline (T), kspar (K). and quartz.
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Figure DR3
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Figure DR4
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Figure DR5
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Figure DR6
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