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DRA 17. SULFUR ISOTOPE STUDIES 

A. Campbell, V. Lueth, G. Graff, March 12, 2008, Revised November 7, 2008 (reviewed by N. 
Dunbar) 

Geochemical insights from stable isotope study of sulfates and sulfides at Questa     

1. STATEMENT OF THE PROBLEM  
Can stable isotope compositions of sulfide and sulfate minerals document the weathering 
processes in the alteration scars and mine rock piles at Questa?  More specifically, can stable 
isotopes be used to help differentiate between sulfate minerals that were formed by hydrothermal 
processes and those formed in the weathering environment?  

2. PREVIOUS WORK 
• Campbell and Lueth (2008) 
• There is a vast amount of work on stable isotopes in ore sulfides and sulfates.  Stable 

isotopes have been the focus of many recent studies of the weathering environment.  These 
references are cited in the Campbell and Lueth (2008). 

 
3. TECHNICAL APPROACH 

Samples of pyrite and sulfates (gypsum and jarosite) were collected to develop an 
understanding of the stable isotopic composition of sulfides and sulfates in the study area.  
Sulfide and sulfate minerals were selectively sampled from rock piles, alteration scars, and 
known hydrothermal mineralization for comparison purposes. Analytical procedures are in 
SOP 25. 
 

4. CONCEPTUAL MODEL(S) 
In this project we have separated chemical weathering processes into sulfide and silicate 
systems.  The sulfide system is related to sulfide oxidation by water and atmospheric oxygen.  
Overall this reaction produces gypsum, jarosite and iron oxides from the oxidation of pyrite 
and the subsequent reaction with calcite or clay minerals.  These reactions are relatively fast 
and evidence for them can be seen in the rock piles and scars (Campbell and Lueth, 2008).   
In these low temperature reactions, the sulfur isotopic composition of sulfates is inherited 
from the precursor pyrite (Field, 1966).  The oxygen isotope composition of the sulfates is a 
variable function of the water composition and that of atmospheric oxygen, depending on the 
environment. 
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5. STATUS OF COMPONENT INVESTIGATION 
The stable isotope data has been collected and discussed in Campbell and Lueth (2008) (see 
Fig. 1).  Since that time, additional samples have been collected and analyzed for the boulder 
study and alteration scar characterization. The new data has been integrated into the 
interpretation.  This project is completed. 
 

 

FIGURE 1. Sulfur and oxygen isotope values of sulfates, sulfides and groundwaters from 
the Questa area. Data from this study, Campbell and Lueth (2008), Naus et al. (2005) and 
Nordstrom et al. (2005).   

 
6. UNCERTAINTY AND RELIABILITY ANALYSIS 

• Assumptions  
  We assume that once a sulfate molecule forms, it will retain it’s isotopic 

composition.   We use this assumption to explain why some gypsum in the piles 
have delicate textures that we interpret as forming in the piles but also exhibit stable 
isotopic signatures of older supergene gypsum.  We believe these samples are 
supergene gypsum that has dissolved in the pile and has recrystallized.  

 
• Technical and data uncertainties: 

The lack of complete separation between the isotopic populations of old and new 
gypsum leads to some uncertainty as to the origin of certain gypsums in the piles.   
The wide range of δ18O values of modern gypsums and aqueous sulfate is more likely 



DRA-17 

Questa Weathering Study p 3 of 4 November 7, 2008 

to be due to the variable sources for oxygen (water vs. atmoshpheric) during the 
oxidation process rather than analytical error. 
 

7. CONCLUSION OF THE COMPONENT 
• Stable isotope results reveal clear isotopic signatures for magmatic and supergene 

sulfates (Figure 1).  This is due to the different temperatures of formation.  The magmatic 
sulfates and sulfides form at high temperature and thus form in equilibrium with each 
other.   This leads to sulfate having a heavier δ34S value than the sulfide.  In the 
supergene environment (either scar formation or weathering), the low temperature of 
pyrite oxidation does not allow for equilibrium and thus the sulfate inherits the δ34S value 
of the precursor pyrite. 

• Gypsum displays the most varied crystal morphologies that are also relatively unique to 
each environment of formation (Figure 2 of Campbell and Lueth, 2008). In the ore body, 
gypsum occurs as anhedral, opaque to translucent, grains often confined to veins. 
Gypsum in the alteration scars also occur in veins or later fracture fills but consists of 
very large, clear, often twinned crystals occasionally with abundant rock fragment 
inclusions. In highly weathered zones within the scars, euhedral gypsum crystals can be 
found scattered about the surface. Gypsum from the rock piles occurs in grains 
characteristic of both the ore body and alteration scar environments but most 
significantly, in a third morphology unique to the piles. These unique gypsum crystals are 
small, euhedral, water-clear crystals that are found loose in the rock pile material or 
adhering to the surface of rock fragments. Efflorescent crusts of very delicate needles of 
gypsum are also found on the surface of the rock piles. 

• The ore pyrite has δ34S values of -1.2 to 2.7‰ as expected for magmatic hydrothermal 
mineralization.  In contrast, sulfide sulfur isotope values vary significantly between and 
within some alteration scars (Figure 1; red bar). The most isotopically negative pyrite 
samples analyzed came from pyrite disseminated in the rhyolite tuff stratigraphically high 
in the Hanson scar. Pyrite from Goat Hill is more like the ore body with a δ34S value of –
0.2 suggesting was closer to the source of mineralization than the scars with the most 
negative δ34S values. Within the Hanson scar, pyrite δ34S values vary from –13.6 ‰ near 
the top to – 2.3 ‰ at the base. Ludington et al. (2004) determined alteration scar erosion 
levels that suggest Straight, Hanson, and Hottentott represent the erosionally highest 
scars. Sulfur isotope values appear related to position in the mineralizing system with 
more negative values distal to the source of mineralization. 

• Differentiating between ancient supergene and modern (in the pile) weathering is a bit 
more problematic but may be possible.  Based on Ar/Ar dated jarosite from scars, ancient 
supergene jarosite has a heavier δ18O value (-1 to +4‰) than the sulfate in modern 
ground water (-8 to -3‰).  Some of the gypsums analyzed in this study fall into each of 
those categories but the majority fall in between.  The variation of δ18O in the sulfate can 
be controlled by varying water composition (climate) or by environment of oxidation 
(vadose vs. saturated).   

• The samples of gypsum run for the boulder study (pink squares in Figure 1) show both 
δ34S and  δ18O isotopic signatures consistent with a magmatic origin as anhydrite rather 
than from the weathering oxidation of pyrite. 
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