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Short Abstract 

Field observational data indicate that some aquatic geochemical components, such as 
sulfate and calcium, exhibit distinct characteristics under snowmelt and baseflow conditions. 
Subsurface geologic structure and mineral composition may have a strong influence on C-Q 
relationships and geochemical responses with different water infiltration and groundwater level 
scenarios. In this study, a high-resolution reactive transport model (RTM) is developed to 
quantify the surface and subsurface interactions of hydrology and geochemical processes, 
including calcium dissolution and pyrite oxidation, in Copper Creek, Colorado.  
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Abstract 
Introduction 

The winter snowpack and the following snowmelt are important for water resources and 
chemical weathering reactions in the subsurface domain. Concentration-discharge (C-Q) 
relationships have been widely used in previous literatures to study the hydrogeochemistry 
affected by hydrological processes, including precipitation, snow and snowmelt.  

In this study, riverine concentration-discharge (C-Q) dynamics is simulated using a 
watershed-scale hydrologic flow and RTM applied in the Copper Creek sub-catchment, East 
River, Colorado. This study aims to understand the roles of mineral distributions, especially 
calcite and pyrite, present within the shallow Critical Zone under differing base-flow and 
snowmelt regimes. 
 
Conceptual Model 
 Winnick et al. (2017) have presented a C-Q analysis from the Pump House station within 
the East River, Colorado and proposed a conceptual model to explain the major cations, anions, 
organic carbon signals controlled by snowmelt. The conceptual model is based on pyrite 
oxidation and generation of sulfuric acid in the deep shale bedrock and carbonic acid dissolution 
of calcite in the shallower layers. During baseflow condition, water infiltrates within the deeper 
pyrite-bearing layers and preferentially releases sulfate as the major anion. During snowmelt 
period, rising water table limits the incursion of oxygenated groundwater to the pyrite oxidation 
front, with the result that calcite dissolution by carbonic acid dominates the C-Q signal. In this 
study, we use a mechanistic hydrologically-driven reactive transport model to determine 
whether the Winnick et al hypothesis is reasonable, and if so, under what set of conditions. 
 
Methods and Data 
 The Advanced Terrestrial Simulator (ATS) is an integrated hydrological model for solving 
surface and subsurface flow, thermal and solute transport, and chemical reaction processes. 



ATS is used in this study to evaluate various scenarios relating to water flow and mineral 
zonation (calcite and pyrite) within the subsurface to determine whether the Winnick et al (2017) 
model is reasonable. 

The ATS model runs with a high-resolution 50-meter surface mesh generated from 
USGS DEM (Digital Elevation Model) dataset by Cubit and LaGriT. The terrain following 
computational domain has 10 vertical discretization layers down to 100 meters deep below 
ground surface. 

The Copper Creek sub-catchment is evaluated in this study as a representative of the 
East River watershed, Colorado, with high sulfate and calcium concentrations measured at the 
RMBL site. Daily stream discharge and weekly major aquatic geochemical measurements 
(Cations: Ca, K, Mg & Na; Anions: Cl, NO3, SO4) are available since the beginning of WY 2016 
(Oct 2015). The C-Q measurements clearly show that the increasing stream discharge due to 
snowmelt during summer seasons significantly dilutes Mg, Ca and SO4. However, K, Na, Cl and 
NO3 are relatively constant without a strong dependence on stream discharge or snowmelt.  

Most of the hydrological parameters for the study, such as the manning coefficient, 
permeability and porosity, are determined based on the high-resolution ParFlow model in the 
East River watershed (Pribulick, 2016). The NLDAS-2 (National Land Data Assimilation System) 
forcing data are used as the meteorological inputs for the RTM. 
 
Preliminary Results 

River discharge and major aquatic geochemical components of Copper Creek are 
simulated using the ATS-CrunchFlow reactive transport model and are compared with the 
stream discharge and geochemical data. The major hydrological parameters have been 
calibrated by comparing the simulated and observed discharge. Then, the simulated C-Q 
relationship is compared to the field measurements to validate the conceptual model in Winnick 
et al. (2017). The model uncertainties will be evaluated with the C-Q outputs from various 
scenarios of geological structure and mineral composition. 

The impacts of potential early snowmelt and extended drought conditions with different 
warming scenarios can be simulated by the hydrology RTM as well. The hydrogeochemistry 
responses in a headwater catchment are quantitatively estimated in this study under a changing 
global climate.  
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