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Objectives of this study

* Develop a geochemical map of drainages in the Grand
Canyon based upon geology and water chemistry.

* Characterize the temporal and spatial variation of water
chemistry in Colorado River.

« Compare discriminatory power of otolith chemical and
Isotopic signatures.

* Develop a predictive model of otolith microchemical
variation.



ldeal characteristics of chemical tag

* Predictable spatial patterns

* High spatial variability among sites/regions
 Low temporal variability

 No metabolic interferences or fractionations

» Easily recovered and measured



Elemental ratios (Sr/Ca) and
Strontium isotopes (3/Sr/%°Sr)

- Geologically-derived signature

87Sr/86Sr =f (bedrock age and composition)

stream water

- No biological fractionation
87Sr/[80Sr = 875r/86Sr

stream water resident organisms



Analytical Methods

 Water and fish** sampled at two times in 2002.

« Samples digested and prepared for isotope and elemental
analysis in class-100 clean laboratory.

e Elemental ratios analyzed in solution with Finnegan MAT
Element Il ICP-MS.

« Sr isotopes analyzed with Finnegan MAT 262 multi-collector
thermal ionization mass spectrometer.

e Analytical precision: 8Sr/8Sr = 0.710243 £ 0.00001

standard —
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87Sr/88Sr otolith
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Summary & Conclusions

Significant spatial differences in both isotopic and elemental
signatures exist.

Chemical signatures appear to be stable over time and reflect
differences in geologic features.

Sr isotopes provide some advantages as a population marker in
freshwater systems with geologic variability.

Combining chemical tracers provides the best resolution for
discriminating populations.

Fish in the LCR have mixed signatures stressing the importance of
time resolved analysis.
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EXTRA SLIDES



Sr sighatures of movers

Flood Brook Utley Brook White River
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Objectives

 Characterize the spatial and temporal variability of water
chemistry in the Colorado Basin.

* Quantify the effect of water chemistry on Sr isotopic and
elemental ratios in resident fish tissues.

« Compare the incorporation of elemental ratios with Sr
Isotopes.

« Assess the ability for Sr isotope ratios in concert with
elemental ratios to distinguish among source streams.
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Homing of marine fish
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Sr variability across 29 sites
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Vermont Geology

‘:I Lower Devonian calcareous schist and limestone
|:| Ordovician quartzite and schist

D Middle Cambrian carbonaceous phyllite

D Lower Cambrian schist and quartzite

I:I Lower Cambrian quartz schist and gneiss

[:l Lower Cambrian biotite schist

‘:I Precambrian quartz-muscovite and biotite schist

I:I Precambrian biotitic gneiss
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A bottom-up approach to using
geochemical tracers in otoliths

* Begin with an understanding of the processes for
geochemical variability across a landscape.

* Incorporate an understanding of the physiology of the
organism.

e Develop analytical methods that most effectively recover time
specific geochemical tracers.

» Establish controls when possible.

 Move toward a predictive model of microchemical variation.
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Summary of results

Significant differences in both isotopic and elemental
signatures exist for water.

Chemical signatures are extremely stable over time
(however, only near baseflow conditions sampled).

Differences reflect differences in geologic features
(e.g. Walhalla plateau).

Chemical composition of the Colorado River stays
constant throughout the entire canyon.

Of the tributaries in the canyon, the LCR looks most
similar to the Colorado River, however, there are
distinct upstream and downstream signatures in the
LCR that are distinguishable from the Colorado.

Fish in the LCR have mixed signhatures stressing the
Importance of time resolved analysis.
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Conclusions

e Sr isotopes provide clear advantages as a population
marker in freshwater systems with geologic variability.

« Combinations of multiple isotopes and elemental
concentrations may provide the best resolution for
discriminating populations.

 More work needs to be done on understanding factors
that influence elemental fractionations.
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