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Why do we care?



The Drought Continues…



And Continues



Field Locations Discussed Today

• East River near Crested Butte CO
• Site underlain by the Cretaceous 

Mancos Shale
• Alpine to montane

• Lubrecht site near Missoula
• Cap Wallace underlain by the pre-

Cambrian Garnet Range (silt stone) 
and Bonner (quartize)

• N Fk. Elk Creek underlain by the 
Cretaceous granite.

• Sub-alpine to montane



Typical Borehole logs 



Typical Subsurface Architecture

• Typical structure from 
drilling logs in Montana 
and Colorado

• Weathering grades from 
soil to fractured bedrock

• Approximately three 
layers 
– Soil
– Saprolite
– Bedrock



Active Bedrock Groundwater Systems 

• Bedrock Groundwater Responds Rapidly to 
Snowmelt

• Single Recharge Event in the Spring
• Decline for the rest of the year, even in the 

heavy monsoon period in Colorado.



Looking into the Black Box. What is age and 
Provenance of Mountain Aquifer Water?



Noble Gas Recharge Conditions are Variable Along the 
Hillslope
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Groundwater Ages
Crested Butte Lubrecht

• Definitely a significant old water 
component

• Groundwater Ages between 10’s to 
1000’s of years

• In general, increase downslope, but 
trend is more complicated when not a 
single hillslope.

• Mixing of ages is apparent.



Mean Ages Increase Moving Downslope

Binary Mixing Model
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Conclusions
• Mountain blocks host active aquifer 

systems
• Water table fluctuates between deep 

bedrock through saprolite into soil
– Seasonally
– Depends on landscape position

• Recharge location on hillslopes is 
generally high on the hillslope, ~2/3 of 
total ridge elevation

• Bedrock groundwater has long 
residence times

– Residence time >100 years indicated by 
multiple tracers

– Mixing of younger and older reservoirs 
and matrix diffusion can explain our long 
residence times

– Fraction of older water increases the 
farther downslope we go

• Better constraints on residence time 
will help us understand the volume 
and depth of active groundwater 
circulation



Thanks!



Lubrecht Drilling



Recharge Conditions Inferred from Dissolved Noble Gases

Measured Dissolved Noble Gases
Ne, Ar, Kr, Xe

f (Temperature, Elevation, Excess-
air)

High Elevation
Low Temperature

Low Topography Systems: 
Recharge elevation has low 
uncertainty

Mountain Systems: 
Recharge elevation is uncertain and 
co-varies with recharge temperatures

Low Elevation
High 
Temperature

Atmospheric 
Equilibrium
f (T, P, EA)



Inferred Groundwater Ages Depend on the Uncertain 
Groundwater Recharge Conditions

Environmental Tracer 
Observations

3H, CFC-12, SF6,4He

Bedrock
Groundwater

Mean Age

Function of: 
• Recharge temperatures 
• Recharge pressures
• Excess air conditions



Potential Processes Controlling Long Residence Time Fraction

Left: EPM-EPM RTD bi-variate 
tracer-tracer concentration plots 
generated using 15000 Monte Carlo 
samples of tau1, f1, eta1, tau2, and 
eta2.

Figure 13: Fracture Diffusion RTD bi-
variate tracer-tracer concentration plots 
generated using 10000 Monte Carlo 
samples of tau_adv, D, bbar, and phi_im.



Inference of Dissolved Noble Gas Recharge Parameter 
Uncertainties with Markov-chain Monte Carlo 

Noble Gas Recharge Parameter UncertaintiesGoals
Infer noble gas recharge parameters using:

(1)Temperature-elevation lapse rates
(2)MCMC uncertainty analysis
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