UNITED STATES DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

Volcanic ash in organic-rich surficial uranium deposits of

northeastern Washington and westernmost Nevada

by
Robert A. Zielinskil and James K. Ottonl

Open-File Report 86- 342

This report is preliminary and has not been reviewed for conformity with U.S.

Geological Survey editorial standards (and stratigraphic nomenclature).

1 y.s. Geological Survey, Denver, CO 80225
1986



Contents Pg.

AbStraCtt000000.tOoo0...0.0.oo.oo.o0.00.00.0..00..00..0.‘0‘

Introductionﬂ.‘....O.......'....O..O....0...“..0......0...0

Sample Location and DescriptioN..eececcecescccoscscescencse

Resu.lts and DiSCUSSion...l.l..'..'l...‘.l"llO.l'll"..llll

CO"C]USionS.....-..-..-...-.-..--.-..--.--.-..-..---.--.--a

1
1
3
Analytical MethodS....eeveeveecvevecesvssscscossossssvsnses D
5
9
9

Acknow]edgementSt..on-t.no..'i'...'..l.lo..oillllotono..t.'

References C‘ited'.....OllIlO...".llOl..l'..l.'l"l"ll..'.lo

Table 1

Figure 1

Figure 2

Figure 3

List of Tables

Elemental composition of volcanic glasses sampled in
this study, compared to reference glasses.

List of I1lustrations

The minimum areal extent of Mazama ash in the western United
States and parts of Canada. Open circles mark some sites where
the Mazama ash has been identified. Closed circles mark the two
sites identified in this study. Figure modified from Sarna-
Wojcicki and others, 1983,

Lithologic logs of the two sampled cores. Site 1: northeastern
Washington., Site 2: westernmost Nevada.

Refractive indices of glasses from widespread late-Quaternary and
Holocene ashes of the western United States, and of the two
glasses of this study. Modified from Wilcox, 1965.



Abstract

Volcanic ash originating from eruptions of Mt., Mazama, Crater Lake,
Oregon is identified at two new localities in the western United States,
Diagnostic measurements include neutron activation analyses and refractive
index measurements of separated glass shards, and petrographic observations of
hornblende phenocrysts. The ash layers occur in organic-rich surficial
uranium deposits and their identification provides a chronologic datum which
aids ongoing studies of the sedimentary and paleoenvironmental history of the
deposits. Subtle but analytically significant compositional differences
between glass separates from the two localities, and distinct differences in
the habit of hornblende phenocrysts suggest that the Washington locality
contains ash from the climactic eruption of Mt. Mazama 6700-7000 y B.P.,
whereas the Nevada locality contains ash from an eruption that immediately
preceded the climatic eruption,

Introduction

The climactic eruption of Mount Mazama at Crater Lake, Oregon, spread
air-fall ash over much of the northwestern United States and southwestern
Canada (Fig. 1). Numerous radiocarbon ages of organic material from within,
or immediately above or below the ash indicate that the eruption occurred
between 6700 and 7000 years ago (Sarna-Wojcicki et al., 1983). The wide
distribution of the Mazama ash makes it a particularly useful time and
-stratigraphic marker for Holocene deposits, provided that it can be properly
jdentified and correlated. Fortunately, the Mazama ash is readily
distinguished from other widespread late Pleistocene and Holocene ashes on the
basis of glass chemistry and refractive index, and phenocryst mineralogy
(Powers and Wilcox, 1964; Wilcox, 1965; Borchardt et al., 1971; Sarna-Wojcicki
et al., 1983). Sites where these measurements and/or radiocarbon dating have
identified Mazama ash are plotted in Figure 1. Recognition of the Mazama ash
and its use as a chronologic datum or stratigraphic marker at these sites has
contributed to studies in geology, archaeology, palynology, and pedology.

In this report, two new sites of Mazama-like ash are identified using
glass chemistry and refractive indices,and petrographic observations. The new
sites are within the presently identified boundaries of the Mazama ash fallout
(Fig. 1), and each of the new sites is within 25 km of a previously identified
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site of Mazama-like ash of the appropriate age; one at Big Meadow, Washington
(Mack et al,, 1978), and the other at Osgood Swamp, California (Adam, 1967;
Davis 1978). The organic-rich sediments which enclose the ash at each new
site are of particular interest because they are anomalously uraniferous, and
are the basis for ongoing studies of uranium in organic-rich surficial
environments (Otton, 1984; Zielinski et al., 1985; Johnson et al., 1985).
Uranium accumulations in such young surficial “pbogs" belong to a new class of
low radioactivity deposits that are a potentially significant resource for U
worldwide (Culbert and Leighton, 1985). The positive identification of the
contained volcanic ashes as the products of a dated eruption greatly enhances
their utility as (now quantified) isochronous markers in the sedimentary and
paleoenvironmental record.

Sample Locations and Descriptions

The ash 1ayer§ are observed in piston cores and in auger cuttings taken
at each site. The sampled cores (Fig. 2) were chosen for detailed analysis
based on their 1ithologic diversity, and range of uranium content,

Site 1: Northeastern Washington

A single light tan volcanic ash layer is enclosed by organic-rich valley-
bottom sediments along the drainage of the north fork of Flodelle Creek,
Stevens County, Washington (swl@_swlm,sec. 33 T. 36 N., R, 42 E,, Lake
Gillette 7 1/, -minute quadrangle; elevation 3560 ft, 1085 m). A 5.1 cm
diameter core of the sediments taken at the sample site is 292 cm long and
bottoms in coarse to granular glacial-fluvial sand, deposited as glaciers
retreated from the area approximately 12,000 yr B.P. Lithologically distinct
intervals in the core range from peat to organic-rich silt, clay, and sand
(Fig. 2) and contain 140 to 2800 ppm uranium, which correlates positively with
organic content (Otton and Zielinski, 1985).

Site 2: Westernmost Nevada

A single light tan layer of volcanic ash occurs in organic-rich sediments
that fill a broad valley fen near the headwaters of a small creek draining
into south Zephyr Cove, Lake Tahoe, Douglas County, Nevada (center of sec. 1,
T. 13 N., R. 13 E., Glenbrook 7 %@-— minute quadrangle, elevation 7520 ft, 2292
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m). Uranium contents of lithologically distinct intervals of a 500-cm core
range from 5 to 3100 ppm and again correlate positively with organic content
(Otton, et al., 1985).
Analytical Methods

Approximately half of each ash-rich interval was sliced from the core and
processed by standard methods to produce glass separates (Sarna-Wojcicki et
al., 1979). Approximately 1 gram of each glass separate was submitted for
instrumental neutron activation analysis (INAA; Gordon et al., 1968) at the
U.S. Geological Survey reactor facility, Denver, CO. The INAA method was
chosen because (A) it is nondestructive; (B) it generates high precision
data for sodium, iron, and a wide variety of trace elements, and the combined
data provide a geochemical "fingerprint" that can be used to distinguish ash
layers (Borchardt et al., 1971, 1972; Izett et al., 1970, 1972; Izett 1981;
Sarna-Wojcicki et al., 1979, 1980, 1983); and (C) previous INAA analyses of
Mazama ash and other widespread late Quaternary ashes provide a reference data
set for comparison (Borchardt et al., 1971; Sarna-Wojcicki et al., 1983). For
the purpose of additional comparison we also submitted reference samples of
previously identified 7000 y-old Mazama-like ash from 0sgood Swamp in east-
central California (Adam, 1967; Davis, 1978), and of Mazama ash and the 12,000
year old Glacier Peak ash from Creston Fen in east-central Washington (Powers
and Wilcox, 1964; Mack et al., 1976).

Splits of glass separates were also measured for refractive index with
the "focal masking" technique (Cherkasov, 1957; Wilcox, 1983), which allows
measurement of refractive index variations within a population of grains.

Additional samples of the ash from each site were cleaned with H202 to
remove organic material, and grain mounts of the very fine sand fraction were
examined under oil at 200x and 400x magnification to determine the mineralogy
of phenocrysts and the morphology of phenocrysts and shards.

Results and Discussion

INAA analyses

A comparison of the abundances of 20 measured elements indicates that the
sampled glasses from sites 1 and 2 are analytically indistinguishable from
their nearby reference samples of Mazama-like glass (Table 1). Most of the
measured values from each site are also within two standard deviations of the



earlier reported mean values for near-source glasses of the Mt, Mazama
eruption (Borchardt and others, 1971). The glasses from sites 1 and 2 are
also clearly distinguished from the analyzed sample of Glacier Peak glass,
especially on the basis of REE, Hf, Zr, Fe and Sc, all of which are 25-60
percent lower in the Glacier Peak glass.

The chemical data indicate small, but analytically significant,
differences between the glasses from sites 1 and 2. In particular, the sample
pair from site 2 and Osgood Swamp are approximately 50 percent richer in
cobalt; 6-11 percent richer in iron, scandium, and thorium; and 8 percent
poorer in sodium than the sample pair from site 1 and Creston Fen. All of
these differences are significant compared to an estimated analytical
precision of 2.5-3,5 percent (one sigma) for these elements, as determined by
replicate analysis of standard rocks (J. R. Budahn, U.S. Geological Survey,
written commun., 1985). Statistical calculations using the data of Table 1
indicate that the mean values of these elements in the site 2 - 0sgood Swamp
pair are different from the mean values for the site 1 - Creston Fen pair at
the 95 percent confidence level (student's t test). With the possible
exception of cobalt, the magnitudes of these apparent between-site variations
are not great enough to cause confusion with most other late Quaternary ashes
and are only documented by high-precision analyses. Possible causes of these
small compositional differences include variable degrees of hydration,
variable contamination of glass with microinclusions, and sampling of glass
from different eruptive pulses of the Mt. Mazama eruption. With regard to the
last possibility, a sequence of six separate layers of air-fall ash mapped
near Crater Lake is attributed to separate pulses of the climactic eruption
(Mullineaux and Wilcox 1980). In addition, a pre-climactic eruption at Crater
Lake , Oregon about 7015 + 45 y B.P. (Bacon, 1983) spread ash of Mazama-like
composition over parts of northwestern Nevada and eastern California
(Tsoyawata Bed of Davis, 1978, 1983, 1985).

Refractive index measurements

The refractive index of volcanic glass increases with the degree of
hydration, and the observed range of refractive indices of a population of ash
shards may relate to original chemical inhomogeneity or to variation in the
degree of secondary hydration (Ross and Smith, 1961). Factors than can
increase the rate of secondary hydration include smaller average grain size,



greater surface area (vesiculation) or greater alkalinity of migrating pore
fluids (Wilcox, 1965). The Mazama ash is distinguished from other late
Quaternary ashes on the basis of a generally higher refractive index and a
wider range of refractive indices (Wilcox, 1965). The refractive indices of
glasses from sites 1 and 2 agree very well with previously published values
for Mazama glass (Fig. 3). There is a suggestion of a slightly higher average
value and a greater range of values in the sample from site 2. This is
confirmed by additional measurements of the nearby sample from Osgood Swamp
(this study) and by a reported (maximum?) value of 1.511 from Osgood Swamp
(Adam, 1967). Slightly lower abundances of sodium in the samples from site 2
and Osgood Swamp (Table 1) are also consistent with the observed loss of
sodium that accompanies hydration of silicic glass (Lipman, 1965; Noble,
1967).

Petrographic Observations

Based on the chemical and refractive index data, the ashes from sites 1
and 2 clearly originated from Mt, Mazama,'but perhaps from different eruptive
pulses. Petrographic observations of hornblende phenocrysts were used to
further investigate this hypothesis.

The 7000 y-old Mazama-like ash described by Adam (1967) at Osgood Swamp,
CA (Table 1) was found by Davis (1978) to contain distinctive green laths of
hornblende. Ashes containing this same green hornblende occur at several
other localities in northwestern Nevada, and at some localities closely
underly chemically similar ashes of the climatic eruption of Mt. Mazama
(Davis, 1978, 1983). Davis named this lower ash the Tsoyawata Bed, which he
later assigned to a precursor eruption of Mt., Mazama at 7015 + 45 y (Davis,
1985).

Petrographic observations of the ashes from sites 1 and 2 indicated that
green hornblende laths were present in the ash from site 2 (westernmost
Nevada). The green hornblende occurs largely as clusters of microlites within
glass shards, and may have contributed to the chemical differences between
"glass" separates from sites 1 and 2. Likewise, contamination of site 2 glass
with relatively abundant hornblende microlites could cause greater variability
in both bulk chemistry (Davis, 1978), and refractive index (Fig. 3) of glass.
In contrast, hornblende from site 1 (northeastern Washington) occurs largely
as discrete, tabular, olive-green.to brown phenocrysts, which are more typical
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of hornblendes wiquitous in ashes of the climatic eruption of Mt. Mazama (R.
E. Wilcox oral communication, 1986).

Conclusions

Neutron activation analysis and refractive index measurements of glass
separates confirm the identification of Mazama-l1ike ash at two new localities
in the western United States. The identification is based on a high degree of
chemical similarity with nearby reference glasses of Mazama-like chemistry and
age, and with previously analyzed glasses collected at the source area of
Mazama ash,

Glass from the site in westernmost Nevada has a slightly higher and more
variable refractive index than the glass sample from northeastern Washington,
suggesting greater compositional heterogeneity or a greater degree of
hydration. The same glass is also slightly enriched in Fe, Co and Sc, and
slightly depleted in Na compared to the Washington sample, suggesting
parentage in a different eruptive pulse of Mt. Mazama.

Petrographic observation of whole-ash from the Nevada site confirms the
presence of small laths of distinctive green hornblende which occur as
microlites in glass. This green hornblende, in combination with Mazama-like
glass chemistry, is diagnostic of the Tsoyawata Bed of Davis (1978), which
correlates with a pre-climactic eruption of Mt. Mazama about 7000 y B.P.
(Davis, 1985). In contrast, tabular olive-green to brown hornblende
phenocrysts from the Washington site are more typical of those observed in
products of the climatic eruption of Mt. Mazama 6700 - 7000 y B.P.

The ash layers at these two new sites occur in organic-rich surficial
uranium deposits and their identification provides a chronologic datum which
aids ongoing studies of the sedimentary and paleoenvironmental record at these

sites.
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