SUPPLEMENTAL DATA
FOR INCLUSION IN GSA DATA REPOSITORY

—

. Map showing seismicity in the vicinity of the Saddle Mountains.

8]

. Cross section showing seismicity in the vicinity of the Saddle Mountains.

. Trench #1 detailed unit descriptions

LI

4. Trench # 2 log.

W

. Trench #2 detailed unit descriptions.

6. Berger, G.W., February 27, 1996, Report on the thermoluminescence dating of loess
from Saddle Mountains, Eastern Washington.
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Map of seismicity in eastern Washington, 1970-1987, magnitude 1.0 and larger. Also
shown are mapped faults of post-Miocene age (heavy lines) and axes of major
anticlines. Note concentration of seismicity on the north flank of the Saddle Mountains
anticline. Note also that seismicity appears to be transposed from the north flank of the
Saddle Mountains anticline to the south flank near the transition from the Smyrna
Bench to the Saddle Gap segments east of section line C-C'. The western margin of the
Columbia River Basalt Group is indicated by hachures. Cross-section C-C’ is illustrated
on the following figure. (From Ludwin et al., 1991)
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Eastern Washington cross section C-C’ showing earthquake hypocenters near the
Saddle Mountains anticline and related Yakima fold belt structures. 10:1 vertical
exaggeration of topography; 1.8:1 vertical exaggeration of subsurface. The Columbia
River Basalt Group is labeled CRBG. Best-located earthquake hypocenters since 1970,
regardless of magnitude, are shown by a single symbol size. Earthquakes for 50 km on
either side of line C-C’ (Figure 3) are projected on to a vertical plane striking N35°E.
(From Ludwin et al., 1991)
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NOTE: TRENCH #2 AS USED IN THIS REPORT REFERS TO TRENCH #1 IN THE
ASSOCIATED PAPER AND DATA REPOSITORY.

Report on the Thermoluminescence Dating of Loess from Saddle Mountain, Eastern
Washington

(February 27, 1996)

Glenn W. Berger, Quaternary Sciences Center, Desert Research Institute, Reno, NV 89506-
0220.

Introduction
On June 16, 1994, I collected three loess samples from within and near Trench #2 at
Saddle Mountain. Within a few days, I moved my thermoluminescence (TL) sediment dating
laboratory from Bellingham to Reno, in part necessitating a lengthy delay in the analysis of
these samples.

TL Dating Principles

The last exposure to daylight of detrital minerals can be dated by TL methods (Aitken
1985). Daylight empties light-sensitive electron traps (thermally stable lattice-defect sites),
and after burial natural ionizing radiations repopulate emptied traps. In the laboratory, traps
are again emptied, by heating now, with electron-hole recombination producing
luminescence. When the TL is related to an “"equivalent dose" (Dg) by use of calibrated
laboratory radiation sources, and an effective radiation dose rate is measured in separate
experiments on separate fractions, then a TL age = D;/D; where Dy is effective dose rate).
Common units are grays (1 Gy = 1 joule/kg) for D¢ and Gy/ka for Dy.

Sample Collection

Although most of the silt at Trench 2 appeared to be eolian, closer inspection
suggested to me that some fraction could have originated by slope wash or fan deposition, at
least at the more southerly (up-slope) end of the trench, where a sand component was
noticed. In light of these and other considerations (Berger, field notes), I decided to collect
two "“surface” samples of silt to check the TL-zeroing assumption, and one trench-wall silt
sample. If the trench silt contains a fraction deposited analogously to the surface silt (eolian
plus slope-fan component), then the apparent TL ages of the surface samples should provide
an upper limit to the relict or inherited TL age component of the trench sample. For
example, strictly eolian silt is expected to have a relict TL age of <500 yrs (Berger, 1990).
The measured 500-yr relict age of Berger (1990) corresponded to eolian silt transported only
briefly, over a probable distance of 1-5 km.

The following remarks elaborate on the sample locations. Full sample names have the
prefix "SDLM94-". Sample 7 was collected 20-30 m west-by-northwest of the northern end
of the trench (Berger-West letter of Oct. 19, 1995, incorrectly states "NE"). It was taken just
below a thin tephra layer (see Table 1 below). Sample 7 was presumed to have the lessor
fraction (if any) of slope-wash or fan-deposit), compared to sample 8. Sample 8 was
collected perhaps 100-200 m south of the trench, up-slope on a fan surface, just north of the
neck of the fan, near a channel bed. Here also the tephra layer was observed in the upper 4
cm, and the silt was collected just below the tephra. Sample 5 within the trench was collected



~30 cm above the top of the Washtucna Soil, ~20 cm below a red string, which was 10-20
cm below an undulating blue-pin line (A.J. Busacca line), and 60-70 cm below a lemon-
yellow-pin line. From a photo, sample 5 appears to occur ~2.5-3 m below the surface,
probably ~2.7 m.

Sample Preparation and TL Dating Procedures

For sample 5, associated samples (collected above, at and below the horizon of the
TL sample) were prepared for K, U, Th analyses and measurement of saturated water. These
data are essential for calculating the dose rate (see Berger, 1988). To determine the effective
dose rate, several independent measurements were made. Thick-source alpha-particle
counting was used to measure U and Th concentrations in dried, finely powdered samples
and commercial atomic absorption spectrophotometry was chosen to measure K
concentrations. These data were combined with estimates of average cosmic-ray dose rate
and an estimate of past average water content in the sample and surrounding deposits to yield
an effective dose rate (Table 1), using the conversion factors of Berger (1988). Alpha-
efficiency values were determined from a comparison of extrapolated alpha-dose-response
curves with beta-dose-response (see below) curves. Alpha doses were administered by sealed-
foil 2! Am sources. Source literature is cited in Berger and Busacca (1995).

Interior portions of the collected samples were removed from the light-tight containers
in the amber laboratory illumination. Steps were followed to remove carbonate and organics
and to produce 4-11 pm polymineral grains. For the two surface samples, the conservative
recommendation of Berger (1990) for low-energy (~550-700 nm wavelengths) laboratory
illumination (optical bleaching) was used in estimating the D¢ values, to allow for the
possibility that some grains were deposited by slope-wash slurry. For the older sample 5, a
fuller bleaching spectrum (~435-700 nm) was used. A maximum estimate of Dg was
obtained for sample 5 by using higher-energy (<435 nm wavelengths) optical bleaching for
24 hr (Berger et al., 1994).

D¢ values were determined from extrapolations of beta-dose-response curves. Beta
doses were administered by an ~ 125 mCi sealed-foil ¥Sr-*Y source. The partial-bleach
(PB) (R-beta) and total-bleach (TB) procedures (Aitken 1985, Berger, 1988) were used to
measure D values, which were then plotted against readout temperature to provide a plateau
test (Aitken 1985). To remove thermally unstable and anomalous-fading TL components from
the laboratory-irradiated subsamples prior to TL readout, elevated-temperature storage
treatments were employed (cited literature in Berger, 1994). An illustration of the effects of
such pre-readout heat treatments on untreated (N) is given in lower Fig. 1.

Results and Discussion

The small difference between the lower two readout curves in upper Fig. 1
demonstrates that little light-sensitive TL remains in this sample, compared to the
corresponding difference for trench sample 5 (curves N+120°C and N+PB+120°C). This is
as expected. Also in lower Fig. 1 is shown the minimum light-insensitive signal (curve
N+TB+120°C). The TB experiment was used for the reason mentioned above.

An example of the PB dose-response curves and intercept estimate of Dg value is
given in Fig. 2A. The corresponding D¢-T plots for surface samples 7 and 8 are shown in



Figs. 2B and 2C. Using the rule-of-thumb estimate of 2-4 Gy/yr dose rate for most land
sediments, notice that the plateau D¢ values in Figs. 2B and 2C correspond roughly to 2 and
1 ka relict ages respectively. The exact TL apparent ages are listed in Table 1. Fig. 3
illustrates the PB and TB data for sample 5. Note that in the inset, there is no difference
between the PB and TB results, implying that the TL in this sample was well-zeroed at
deposition. Note that the high D values above ~330°C in the D;-T plots have been
observed for many "young" New Zealand loess samples (Berger et al., 1994), and are not
clearly understood. This high-temperature "plateau” is observed only in TB experiments.
Only the region below ~300°C is used for age calculation here.

I conclude that the relict TL age of 0.8-1.4 ka associated with the "surface" samples 7
and 8 is a maximum estimate for relict TL ages (because these samples may in fact be 500-
700 yrs old). Thus, relict TL is barely significant in sample 5 (at most, about the magnitude
of 1o analytical errors at 15 ka). Thus sample 5 was deposited 15+1 ka ago. This is
consistent with TL ages of ~20 ka in loess from Bw horizons in the upper zone of the
preserved Washtucna Soil at other sites (Berger and Busacca, 1995), and is consistent with
TL ages of ~17 ka in the BC horizon of the loess overlying Washtucna Soil at these other
sites in eastern Washington.
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