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GEOCHEMICAL CLIMOFUNCTIONS REVEAL A WARM TEMPERATE,
HUMID, CLIMATE IN NORTHEAST OREGON TOWARDS THE END
OF THE MIDDLE MIOCENE CLIMATIC OPTIMUM

RICARDO LOPEZ-MALDONADO, University of Idaho

Research Advisors: Karen Harpp, Dennis Geist

INTRODUCTION

A paleosol in Cricket Flat (CFP), outside of

Elgin, Oregon, developed within the later cooling
stage during a relatively short interval between
approximately 14.7 Ma and 14.5 Ma (Bailey, 1990;
Ferns et al., 2010). The goal of this study is to
determine geochemical climofunctions of the CFP.

The Columbia River Basalt Group (CRBG) is the
largest volcanic unit within the Cenozoic. CRBG
eruptions finished in northeast Oregon by ~14.7 Ma
(Brueseke et al., 2007). The Powder River Volcanic
Field (PRVF), a relatively small and isolated province,
began erupting at ~14.5 Ma (Bailey, 1990).

This study focuses on a soil developed near the
boundary between CRBG and the PRVF in northeast
Oregon. The field site location of the CFP is presented
in Bader and Nicolaysen, Fig. 2 (v. 26).

METHODS

The CFP is located 5 miles east of Elgin, OR on OR-82,
and field study was carried out in the summer of 2012.
Paleosol and parent rock samples were collected from
6 horizons exposed in a road cut. The paleosols overlie
an ignimbrite known as the Dooley Creek/Dinner
Creek tuff and underlie ~14.5 Ma diktytaxitic olivine
basalt of the PRVF (Bailey, 1990; Ferns et al., 2013).
Radiometric ages indicate the ash-flow tuff erupted
about 14.7 to 14.8 Ma, coeval with the CRBG (Bailey;,
1990; Ferns et al., 2013).

Samples were taken from each textural unit (Fig. 1)
and were processed and crushed at Whitman College.
Major and trace element ratios of samples were
obtained by fusing lithium tetraborate and analyzed
using X-ray fluorescence spectroscopy (XRF) at the
GeoAnalytical Laboratory at the Washington State
University
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Figure 1. Stratigraphic column of the Cricket Flats paleosol.
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RESULTS

Site Description (See also Fig. 1)
Diktytaxitic olivine basalt, Tpb

The olivine basalt is at least 3 m thick, dark gray on
weathered surfaces and light bluish-gray on fresh
surfaces. The lava is massive with vesicles (~15% and
5 mm in diameter) in the lower part. In the middle
of the lava (starting 8 cm above the lower contact)

the vesicles decrease in abundance and size (~5% and
5 mm-15 mm in diameter). Vesicularity decreases
towards the top. In addition, the vesicles change from
slightly circular to near tabular. The lower contact is
abrupt and planar.

A horizon

The A horizon is 6 cm thick, non-reactive to 5% HCL,
light yellowish-pink on weathered surfaces and light
yellowish-orange on fresh surfaces. It has a blocky
structure and a clay-sized matrix embedded with root
trace fossils (~3%). The root traces are black, ranging
in length from 1 to 10 mm, and have dendritic shape.
The lower contact is abrupt and planar.

Ac horizon

The Ac horizon is 14 cm thick, non-reactive to 5%
HCL, light brownish-pink on weathered surfaces and
light pink in fresh material. It has a massive structure
and a very fine sand-silt matrix, embedded with coarse
nodules (~5%). The nodules exhibit a concentric
structure in cross-section with a dark red crust and
light blue gray core. The lower contact is sharp and

wavy.
Bt horizon

The Bt horizon is 32 cm thick, non-reactive to 5%
HCL, light red on weathered surfaces and dark
brownish-orange when fresh. It is remarkably
prismatic with micro desiccation cracks and nodules
equivalent to those in the overlying unit (~3% and 5
mm in diameter). The lower contact is gradational and

wavy.

B2 horizon

The B2 horizonis 8 cm thick, non-reactive to 5% HCL,
and dark orange. It has a granular structure, and a silty
matrix embedded with spherical black perlite (1mm in
diameter). The lower contact is gradational and wavy.

BC horizon

The BC horizon is 98 cm thick, non-reactive to 5%
HCL, and orange-red. It has a platy structure (5 mm-
10 mm thick), and a silt- sized matrix embedded with
heterogenous sub-rounded and moderately poorly
sorted pumice and perlite clasts (~25 mm in diameter).
Pumice increases up section from 1%-5%, but the
clasts decrease in diameter to ~5 mm. The lower
contact is gradational and wavy.

R horizon

The R horizon is at least 4 m thick, non-reactive to
5% HCL, and gray. It is massive and made up of
very poorly sorted sand-sized glass, but larger more
abundant clasts (15% pumice clasts, 1 mm-40 mm in
diameter; 2% perlite, 1 mm-5 mm in diameter).

Soil Type Identification

Based on the absence of features such as a spodic
horizon, evidence of permafrost, organic matter not
directly overlying cindery or pumiceous material,
and other relevant features, the CFP was probably
comparable to an andisol in the modern taxonomic
system of the U.S. Department of Agriculture (Soil
Survey Staff, 1999). Andisols form on volcanic
material and have undergone weathering of primary
silicates in the parent material.

Geochemical Climofunctions

Paleotemperature and paleoprecipitation
characteristics present during pedogenesis were
determined by chemical weathering indices of the Bt
horizon (Sheldon, 2009). Before using composition to
evaluate climatic conditions, it is essential to establish
that the paleosol is genetically related to the underlying
rock; I have used Ti and Al, elements that are immobile
during normal chemical weathering.
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The CFP has low Ti/Al similar to the felsic parent
material for most of its profile except for a sharp spike
at 20 cm depth, in the Ac horizon (Fig. 2). The low
Ti/Al values indicate most of the CFP are from the
ignimbrite. My interpretation is that the spike in Ti/
Al represents the input of mafic material. The return
to rhyolitic Ti/Al above Ac suggests renewed aeolian
input of material equivalent to the ignimbrite. An
alternate interpretation is that the CFP is genetically
related throughout the profile and the high-Ti zone,
which is right above a clay-rich zone, is indicative of
probably being seasonally permeable; hence, being
affected by hydrolysis.

The relationship between mean annual precipitation
(MAP) and the chemical index of alteration without
K (CIA-K) is the most robust model estimated from
paleosols (Sheldon, 2002) and can be solved by the
following equation:

MAP (mm/yr) = 221.12exp®*17(CA0

where CIA-K is defined as [A1,O,/(100)*(ALO, + CaO
+ Na,O)] using molecular percentages from whole-
rock XRF analysis (Maynard, 1992). The standard
error on the above MAP estimation equation is +181
mm/yr, and R* = 0.72 for the empirical fit (Sheldon et
al., 2002). Estimating mean annual temperature (MAT)
during pedogenesis can be evaluated using elemental
geochemical data as follows:

MAT (°C) =46.9C + 4

where C is “clayeyness” and defined as the ratio Al/

Si (Ruxton, 1968). The standard error for this model
is £0.6 °C and R? = 0.96 (Sheldon, 2006). All essential
geochemical climofunction estimates derived from the
above equations are included in Figure 2.

Isocon Diagram

In humid-climate regimes, mobile elements are leached
during pedogenesis, whereas immobile elements are
unaffected. The gains and losses of material from the
original rock necessary to produce the altered rock

can be determined with an isocon diagram (Grant,
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Figure 2. Provenance indicator showing an anomaly at 20 cm
depth. CIA-K and clayeyness visually display relative amounts of
feldspar alteration and clay accumulation.

1986). We graphically identify immobile and mobile
components by solving:

C,=(M/M,) C,

where C, is altered concentration; C_ is unaltered
concentration; M, is altered mass; and M, is
unaltered mass. On a plot of C, vs. C | the immobile
components form a straight line through the origin
with slope = M _/ M,. My isocon diagram shows
how some elements were leached more than others.
I believe that we have input of basaltic PRVF ash
because Ti/Al are equivalent to PRVF basalt, as
indicated by geochemical data in Ferguson (v. 26).

DISCUSSION

Development and Regional Climate

The transition between the CRBG and the PRVF was
punctuated by a period of quiescence lasting up to
about two hundred thousands years, as suggested by
the pedogenesis of the CFP.

The CFP is heavily concentrated in clay at 25cm
depth, probably illuviated from the A horizon (Fig. 2).
Abundant clay indicates heavy precipitation, where
hydrolysis breaks down feldspar and mafic minerals
(Retallack, 2007). The absence of carbonates and the
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CONCLUSION

HORIZON Ac ISOCON (20 cm)

20

I discussed two interpretations: 1) The CFP formed
by weathering of parent material from two distinct
origins, one rhyolitic and the other basaltic; and 2) the
CFP is genetically related throughout the profile and
the high-Ti zone was probably seasonally permeable;
hence, being affected by hydrolysis. It is preserved
between an underlying CRBG-age ignimbrite
volcaniclastic unit and an overlying PRVF olivine
basalt. The CFP was used to reconstruct regional
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DOGLEY M IGNBIERITE ORIGINAL GONGENTRATION (WT %) paleoclimate conditions. Geochemical results from the
CFP Bt horizon indicate a lower MAT relative to the
Figure 3. Isocon diagram of the Ac horizon with a 1:1 line. MMCO. This is consistent with studies of terrestrial

and marine proxies, which indicate global cooling. A
presence of Mn-Fe nodules indicate relatively high higher MAP relative to the MMCO could be attributed

MAP (800 to 1500 mm yr) (Stiles et al,, 2001). The cooling climate patterns or to an increase in elevation
above correlation is quantitatively supported with an east of the CFP area.
MAP value of 1177.26 mm/yr using CIA-k as a proxy
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