











Figure 3.1. Map of central Pacific coast of Costa Rica, modified from Sak et al (2004).
Sampling locations for basalt clasts are marked with stars.



sample with a rock hammer. Samples were described as either coarse or fine grained and
sample depth was recorded. Natural outcrops of the terraces are scarce therefore clasts were
collected from recent road cuts in areas of development. At one location Qt2 and Qt3 are
found in the same road cut and samples from both terraces were collected at this location.
Samples collected in this study included the unweathered basalt core and as much rind
material as possible. Samples were wrapped in plastic wrap and masking tape for transport
to the laboratory to prevent loss of rind material.
3.3.1 Bulk Chemical Changes

Bulk chemical composition was measured using a Cameca SX-50 electron
microprobe (EMP) across the core/rind interface of five of the basalt clasts. Profiles 2 to 4
mm in length and perpendicular to the reaction front were analyzed by collecting point data
with a 50 um spot size and 100 um spacing. Eight to ten profiles on each clast were
collected parallel to each other at 100 um spacing and averaged to determine bulk chemical
changes across the weathering front. These profiles were used to determine the reaction front
thickness for each of the samples.

In order to compare concentrations in the weathered material to the parent, the mass
loss or gain of elements (7) is calculated from equation 3.1,

c.,.C

7, = 3.1
' c;,C

L,pYiw

where ¢ is the concentration of an immobile element (i) or the element of interest (j) in the
parent (p) or weathered (W) material (Brimhall and Dietrich, 1987; Anderson et al., 2002).
Negative and positive 7;j values represent depletion and enrichment, respectively, of an
element relative to parent concentrations. 7 values of 0 and -1 represent parent
concentrations and complete loss of an element, respectively. Ti is immobile in the basalt
clasts based on strain calculations (Sak et al., 2004) and is used to calculate values of zr;; for
major elements across the reaction front.
3.3.2 Mineralogical Changes

Mineralogy of the parent basalt and weathering products was identified by X-ray
diffraction (XRD) on samples were taken from the rind, inner and outer rind/core interface

and core of three weathered basalt clasts from terrace Qt2 (CR03-04.1, CR03-03.1, and
CR03-02.1). In addition to the bulk basalt, individual plagioclase grains were also analyzed
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to aid in the interpretation of the XRD patterns from the bulk basalt samples. Samples were
ground by hand using a mortar and pestle to 325 mesh (less than 45 microns in diameter) for
whole rock analyses. Clay fractions were collected from each of the whole rock samples by
centrifugation of a suspension of ground sample in 1% sodium pyrophosphate solution (to
prevent flocculation) at 1000 rpm for 1 minute. An oriented clay mount was prepared by
decanting the < 2 micron size fraction left in solution, dropping it onto a glass slide and
slowly evaporating the liquid. Whole rock and clay separate samples were analyzed using a
Scintag powder diffractometer with copper ka,; radiation. Whole rock samples were
analyzed from 3 to 45 degrees 2-theta with a 0.01 step size and clay separates were analyzed
from 2 to 25 degrees 2-theta with a 0.01 step size.

Scanning electron microscopy (SEM) backscatter images were collected using and
FEI Quanta SEM at the core/rind interface of two basalt clasts (CR03-03.1 and CR03-02.1)
to examine in details the physical changes that occur during weathering of the basalt clasts.
SEM-energy dispersive x-ray spectra (EDS) images were collected for the same areas as the
backscatter images to assess changes in chemistry at the grain scale. The chemical data wsa
collected with 256 passes of the electron beam at 20Kv with a dwell time of 200 seconds per
scan.
3.3.4 Chemistry of reacting fluids

Soil samples were collected in April 2005 from pits 3 meters deep that were dug
using a backhoe within 300 m of clast sample locations at Qtl and Qt3. Terrace Qtl is
dissected and as a result it is difficult to find sample locations on the original terrace surface.
The sampling location for Qtl was on private property that is used to raise cattle. Vegetation
in this area is mostly trees and shrubs. Samples from Qt3 were taken approximately 0.5
miles from the Pacific coast near a new development. The vegetation at Qt3 is less mature
than Qtl and consists of mostly grassland. One kilogram samples were collected at 0, 1, 2
and 3 meters. Samples were stored in whirl-pak bags at 4° C except for transportation from
Costa Rica to PSU. Soil samples were mailed in a large Styrofoam cooler containing 4
frozen blue ice packs. It is presumed that the temperature of the sample was above 4° C for
some duration during transportation, but temperature was not recorded. Upon receipt of
samples at PSU they were kept at 4° C. Soil pore waters were collected from these soil

samples.
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High clay and low water content of the soils prevented direct centrifuging methods
for collection of soil pore water. To obtain samples of the soil pore water, distilled water was
added to the samples until the samples were saturated. The samples were allowed to
equilibrate at 4° C for 6 hours and centrifuged at 4500 rpm for 35 minutes at 5° C. Solutions
were filtered to 0.2 um for analyses of organic acids and anions by ion chromatography (IC)
and cation concentrations by inductively coupled plasma-mass spectrometry (ICP-MS). Soil
pH of the terrace material was determined by measuring the pH of a suspension of sample
and distilled water at a ratio of 1:1 (Brady and Weil, 2004).

3.4 Results
3.4.1 Weathering rind thickness in Qt3

Measured weathering rind thicknesses in terrace Qt3 range from 5 to 32 mm with an
average thickness of 13 mm+1 mm (Table 3.1). The reported uncertainty is equal to the
standard error of the mean of 67 measurements with a standard deviation of 5 mm. The
average rind thickness for terrace Qt3, measured and reported by Sak et al. (2004) using the
same methods and from the same depth is 9 mm, within the range of one standard deviation
of the data from this study. Rind thicknesses in this study were measured from 4 different
road cuts along an ~ 800 m stretch of the same road in Qt3. The averages for each location
range from 1.14 to 1.42 mm indicating that there is variation in rind thickness within the
same regionally extensive terrace due to small changes in parent lithology of the basalt,
micro-climate, or hydrologic flow paths. The sampling location used in this study was
recently exposed by construction activity and previously inaccessible for weathering rind
measurements. We, therefore, have no data for direct comparison between measurements
made by Sak et al. (2004) and those in this study. Weathering rind thicknesses does not vary
systematically with either grain size or depth of sample below the surface within the B
horizon (Figures 3.2 and 3.3, Table 3.1). Average weathering rind thicknesses of the coarse
and fine grained basalts are 13.7 + 0.9 mm and 12.5 + 0.8mm, respectively.

3.4.2 Bulk chemical changes

Averaged electron microprobe profiles across the core/rind interface of 5 samples
(Tables 3.2-3.6) show decreasing concentrations of sodium, calcium, magnesium, potassium,
silicon, and aluminum from the core to the rind over a distance of 0.5 to 2 mm. Data for all

individual electron microprobe profiles collected is located in Appendix A. In contrast, iron
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Figure 3.2. Histogram of weathering rind thickness as a function of grain size. Fine grained
basalts are plotted in solid black and have an average weathering rind thickness of 12.5+0.8
mm. Coarse grained basalts are plotted in hatched bars and have an average weathering rind
thickness of 13.7+0.9 mm.
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Figure 3.3. Weathering rind thicknesses were measured at different depths below the
surface. There is no trend indicating that weathering rind thickness varies systematically
with depth.
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Table 3.1. Weathering rind thickness measurements

Rind thickness in different
texture rocks, mm

Rind thickness as a function

of depth

Coarse

Weathering Rind

Grained  Fine Grained | Depth, m Thickness, mm

1.4 0.8
2 2
1.6 2
1 0.6
1 15
1.4 14
0.7 13
15 2.6
1.2 1.2
15 1.2
0.8 1
0.6 1
1 0.6
2.2 1
0.9 0.5
1.6 1
2 16
15 2.2
2 14
3.2 13
1.8 13
1.3 1.2
15 11
1.4 1.2
0.8 0.8
1.3 1.6
1.2 1.6
0.9 0.5
1.2 1
1.4 1
1 0.9
1.2 2
1 0.8

1.2

1.00
1.33
1.56
1.65
2.03
2.25
2.36
2.39
241
2.46
2.50
2.50
2.52
2.56
2.65
2.66
2.72
2.74
3.10
3.22
3.25
3.49
3.72
3.76
3.79
3.82
4.10
4.57
4.63
4.80

10
15
10
20
13
20
10
10
12
14
12
13
26

5

6

6
12
16
10
15
14
16
14

7
14
22
15

8
13
10
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