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Loch Vale

•Mostly bare rock and talus
•Pockets of alpine meadow

Alpine/Subalpine

Presenter
Presentation Notes
Loch Vale is a 694 ha granitic, alpine/subalpine  basin in Rocky Mountain National Park, about 100 km northwest of Denver, Colorado, USA.  The basin is in wilderness and is accessed via a 5 km hiking/skiing trail.  Basin elevation ranges from 3100 to 4000 m, and mean annual air temperatures are near freezing.  Forest occurs in the lower part of the basin, but areas above 3300 m are mostly unvegetated.  50% of the basin is exposed bedrock, and talus covers 20% of the land area.  
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Photo of talus cones

Presenter
Presentation Notes
The western boundary of the basin is the Continental Divide.  For this reason, it is assumed that there is not a large regional aquifer.Talus deposits occur at the base of cliffs, and they make up the largest volume of surficial deposits.
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Hydrogeology map

Objectives
Map occurrence of 
groundwater 
reservoirs

Quantify groundwater 
contributions to 
surface waters

Determine the age 
(residence time) of 
groundwater

Presenter
Presentation Notes
Note occurrence of various groundwater reservoirs.Bedrock, wetlands, till, colluvium, rock glaciers, and talus.Note dots, which represent locations of seismic surveys.
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Seismic Surveys

Presenter
Presentation Notes
Seismic surveys were performed to determine the depth of surficial deposits.We did survey transects on several types of deposits, including glacial till, talus, and rock glaciers.Depth of till was typically 1 - 2 m.Talus was 2 to 25 m.On the rock glaciers, what we measured was the depth to ice; that is the thickness of the active layer.  It typically was about 2 m below the surface.  We estimated the volume of the rock glaciers by projecting the bedrock surface from surrounding areas underneath the rock glacier.
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Water Volumes/ 
StorageCapacity
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Groundwater contributions to stream flow:
Tracer Experiment

KCl Input
Solution

Pump

DataLogger
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Tracer Experiment Results
Cl concentrations responded 
quickly to tracer injection

Discharge at each sampling 
location calculated based on 
changes in Cl concentrations

Differences in discharge along 
Reach 2 due solely to 
groundwater inputs

Results indicate 40% 
increase in discharge 
due to groundwater 
inputs

Presenter
Presentation Notes
There were no surface water inflows, so we infer that the water source was groundwater. Followed the KCL tracer test up with a Rwt tracer test in 2003 and got similar results.We installed a stream gage at the mid-elevation site to track seasonal GW inflows.	Results indicated that GW contributions increased from 10% to 70% of total flow over the summer/fall.
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Age Dating
Multi-tracer approach

Tritium
• Nuke testing signal 

(peak in 1963)
35S

• cosmogenic
• 87 day half life

CFCs
• Increasing signal from 

1950’s until 1990s
SF6
36Cl/Cl
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Tritium
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horizontal line represents 3H in summer precip.

Presenter
Presentation Notes
Tritium input function is complex, so we can’t calculate a water age.We can say that most of the water is young, but there appears to be an “older” component.
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Presenter
Presentation Notes
It is commonly assumed that sulfur moves fairly conservatively through the watershed because soils are not well developed.Under this assumption, the % new sulfate value represents a minimum for the young water component.Trouble is, we know the assumption is not strictly correct based on 18O-SO4 data, which indicates that some sulfur is cycled (probably through biota).
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CFCs in atmosphere
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Presenter
Presentation Notes
CFC concentrations increased strongly between 1950 and 1990, then leveled off.SF6 has continued to increase.
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CFC Results from 2005
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Presenter
Presentation Notes
Of the 6 springs that were sampled, 4 had apparent water ages of about 15 years.This is much older than expected based on the high porosity of surficial material.This scenario assumes piston flow, which probably is too simplistic.
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Water is Surprisingly Old
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Potential Permafrost Areas
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Conclusions
Talus provides 
substantial storage 
capacity, although it is 
seldom filled

Rock glaciers hold about 
as much water as snow 
glaciers

Groundwater ages are 
older than expected given 
high porosity of surficial 
material

Melting permafrost may 
explain the surprisingly 
“old” water ages
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