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ABSTRACT

In the Palouse Basin of eastern Washington and northem Idaho, ground
water is the principal municipal-water resource. Reliance on ground water
continues to increase in the region, yet recharge mechanisms and rates are
poorly understood in thick loess deposits that blanket the Basin. The main
objective of this study was to assess the ability of soil/paleosol sequences in
loessial hillslopes to accommodate deep percolation using environmental tracers.
Pattems between vadose zone stratigraphy and CI tracer profiles were
established in heterogeneous regolith. Characterization of deep strata revealed
sequences of extremely dense paleosol fragipans interstratified with less-dense
eluvial horizons. Abrupt changes in [CI] reflect boundaries between stratigraphic
units that display contrasting physical and morphological properties. Results
illustrate that CI” depth profiles can be used as indicators of deep stratigraphy
across various landscape positions. To assess regional recharge rates and
mechanisms, environmental tracer distributions were measured in three
catchments reflecting a regional climosequence. Tracer profiles and stratigraphy
illustrate three major hydrostratigraphic units: 1) uplands with homogeneous
regolith and short pore-water residence times; 2) uplands with heterogeneous
regolith and long pore-water residence times; and 3) valleys with heterogeneous
regolith that display dynamic hydraulic processes. Regional relationships
between deep regolith and surface soils were established in order to use the Soil

Survey Geographic database to estimate spatial extent of hydrostratigraphic



iv

units. Results indicate that recharge is less than 3 mm yr! in 33% of the loess-
covered Basin where precipitation is greatest, and regolith is heterogeneous.
Recharge is 10 mm yr' in 37% of the Basin where loessial regolith is
homogeneous. Hydraulically dynamic valley positions constitute 10% of the study
area. Hydrometric measurements and natural tracers were used to assess
hydrologic processes active in vadose zones, near-surface perched water tables,
and streams of valley positions. Deep tensiometer readings and secondary Mn
distributions indicate that ground-water recharge occurs as bypass flow. Indirect
evidence from §'°0 signatures of water samples suggests that near-surface
perched water tables are a major source of stream flow. Representative CI”
profiles of valley soilscapes reflect differences in pore-water residence time that

are govemned by regional patterns of soil development.
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CHAPTER 1
INTRODUCTION

Justification

Like many communities in the western U.S.A., the cities of Moscow, ID and
Pullman, WA are struggling to maintain a sustainable water resource. Ground
water is the sole municipal water supply for the region, and as a result,
potentiometric surfaces of pumping wells have decreased approximately 0.45 m
per year over the last century in response to increased demand by the growing
communities (Barker, 1979). To date, mechanisms of ground water recharge
remain unclear; however, many believe that infiltration of precipitation through
thick loess deposits is the most likely avenue. Loess deposits of the region have
traditionally been treated as a single homogeneous unit for purposes of
modeling. Loess blankets over 75% of the Palouse Basin (Williams and Allman
1969), and therefore understanding the ability of the loessial regolith to
accommodate deep percolation is an important component to the assessment of
water resource sustainability for the region. |

Overview

A major role of pedology in science today is working within multiple scales of
investigation to extrapolate information from individual sampling points within a
soil profile to regional scale. This involves the recognition of the soil continuum
within a region into discrete bodies that coexist on a landscape. This project

entails an added level of complexity that involves the linkage of hydraulic



characteristics of surface soils to that of deep regolith, which traditionally is
ignored for purposes of soil inventory.

The goal of this dissertation was to obtain a basin-wide understanding of
hydrologic processes operating in loessial hillslopes of the Palouse Basin.
Several time-tested tools and techniques were implemented to analyze of near-
surface and vadose zone hydrologic processes. These tools and techniques
included environmental tracers, spatial databases, stratigraphic observations,
and hydrometric measurements. The unique aspect of this study is the
interpretation and scaling of recharge mechanisms based on a pedologic
analysis of soil/paleosol stratigraphic relationships to obtain a regional
understanding of deep regolith hydrology.

The conceptual framework of this project is organized around the hypothesis
that the permeability of loessial regolith is controlled by the degree of pedogenic
alteration, which is in turn, governed by a Basin-wide climatic gradient. More
specifically, we hypothesize that regional patterns in the degree of anisotropy
and heterogeneity of deep regolith result from differences in soil development.
The Palouse Basin is a perfect natural laboratory to test this hypothesis because
several of the soil-forming factors including time, topography, parent material,
and organisms are similar across the Basin. Therefore, pedogenic differences
among contemporary soils result primarily from the strong climatic gradient
(Busacca, 1989).

A second major source of variation across the Basin is the rate of loess

deposition, which is related to distance from the sediment source. The westem



Basin is proximal to the loess source, and as a result, deposition rates are high
(Busacca and McDonald, 1994). Rapid rates of landscape aggradation
counteract the rate of pedogenesis. In contrast, the eastern Basin is more distal
to the loess source, and therefore loess deposition rates are much lower, which
allows for greater superposition and overprinting of soil forming intervails (Kemp
et al., 1998). As a result, deep regolith can be conceptualized as a single soil
profile extending several meters to bedrock and as a discrete body with a spatial
extent defined by the climatic gradient and loess deposition rate.

The foundation of this research is based upon a fundamental understanding
of the depositional and pedogenic environment inherent to eastern Palouse
loess. The linkage of hydrologic processes to the morphologic character of
regolith provides a means of scaling the results Basin-wide.

Organization of the Dissertation

This dissertation is organized in journal style format consisting of three
chapters: 1) Chioride distributions as indicators of vadose zone stratigraphy in
Palouse loess deposits; 2) Paleosols as deep regolith: implications for ground
water recharge across a loessial climosequence; and 3) Hydrologic processes in
valley soilscapes of the eastern Palouse Basin.
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CHAPTER 2
CHLORIDE DISTRIBUTIONS AS INDICATORS OF VADOSE ZONE
STRATIGRAPHY IN PALOUSE LOESS DEPOSITS
Abstract
Chloride is often used as a conservative tracer to estimate groundwater

recharge rates in arid and semiarid regions. Relationships between CI” depth
profiles and vadose zone stratigraphy have revealed new information on the
behavior of this dissolved constituent in pore waters of heterogeneous materials.
We measured pore-water CI" in loess deposits of the eastern Palouse region in
northern Idaho, where multiple sequences of buried soils extend to ~20 m depth.
Three cores were collected to bedrock at summit, side slope, and valley
positions. Pore-water CI distribution, ciay content, soil strength, and secondary
Mngy:Feq ratios were measured to identify relationships between natural tracer
migration and vadose zone stratigraphy. Characterization of deep strata revealed
complex sequences of extremely dense paleosol fragipans interstratified with
less dense leached horizons. Abrupt changes in [CI] reflect boundaries between
these stratigraphic units that display contrasting physical and morphological
properties. Results illustrate that loess stratigraphy influences vadose-zone water
movement in the Palouse. In addition, CI" depth profiles can be used as
indicators of deep stratigraphy across various landscape positions.
Introduction

Loess-derived soils in the eastern Palouse region of Washington and northern

Idaho contain fragipans and horizons with fragic character that restrict vertical






