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New Wells

Local Motivation
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Gallatin Valley, Montana

=

* Representative intermountain

basin

* Irrigated and dryland
agriculture, urbanization

',/ + Population of 120,000 (doubled
since 1998)

GIS, Esti, HERE, Garmin; FAO, NOAA,USGS, Bureau. of
Land-Management, EPANPS’
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Research Objectives

How does Gallatin Valley hydrogeologic system
exacerbate or attenuate nutrient contamination?

1. Further understanding of contaminant introduction
and transport

2. Characterize groundwater and surface water
geochemical evolution within Gallatin Valley
hydrologic system

3. Locate and quantify inputs from Archaean and
Tertiary bedrock aquifers
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 Mountains comprised of volcanic,
sedimentary, and metamorphic
rocks

» Valley-fill sediments,
Quaternary/Holocene
(unconsolidated), and Tertiary
(semi-consolidated to
consolidated)
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Figure 18.—Diagram showing alternative hypotheses for the formation of the Belgrade trough.
A. By downwarping of the Tertiary strata northward toward the Central Park fault. B. By
down dropping of block between the Central Park fault and a fault south of Belgrade.

Hackett et al., 1960



* Focused recharge along mountain front from losing streams

» Large groundwater discharge zone in lower valley
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 Elevated “He at mountain front and in G.W. discharge zone

* Mountain-block recharge and upwelling of older and bedrock influenced waters
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« Seemingly ancient bedrock well contains modern tritium

« Tritium increases and decreases downgradient
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+ Water isotopes appear to become less and then more negative

* G.W. is slightly more negative than S.W. generally

* Deep bedrock is distinct



Water Isotopes and Noble Gases

* Older water present at mountain front and in
groundwater discharge zone

« Older waters in groundwater discharge zone have
distinct recharge conditions

Do these variable ages and recharge conditions have
any bearing on nutrients or major ion composition?
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« Groundwater concentrations are high

» Surface water increases downgradient
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» Spring creeks are highest nitrate surface
waters

* Two bedrock wells contain low, but
detectable nitrate
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* High chloride groundwaters found in  Surface waters generally increase
urban and septic sites downgradient

* No discernable relationship between
groundwater nitrate and chloride
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 Distinct geochemical signals from bedrock and human-influenced aquifers

+ SO, and Cl increase downgradient in S.W.



Major lons & Nutrients

 Inflows of older waters to alluvial aquifer do not
meaningfully attenuate nitrate or alter major ions

« Chloride concentrations associated with younger
waters

« Groundwater discharge zone increases S.W. nitrate
concentrations

e Surface water geochemical evolution towards chloride,
anthropogenic or geogenic?
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