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Late Pleistocene tephra deposits found from Sitka to Juneau and Lituya Bay are assigned to a
source at the Mount Edgecumbe volcanic field, based on similarity of glass compositions to near-
vent deposits and on thinning away from Kruzof Island. The sequence of near-vent layers is
basaltic andesite and andesite at the base, rhyolite. and mixed dacite and rhyolite on top. The only
breaks in the tephra sequence are two [-mm-thick silt partings in a lake-sediment core, indicating
a depositional interval from basaltic andesite to dacite of no more than about a millennium. Tephra
deposits at sites >30 km from the vent are solely dacite and rhyolite and are 10,600 to 11,400 '“C
yr old based on interpretation of 18 radiocarbon ages, including 5 by accelerator mass spectrometry
(AMS). Basaltic andesite and andesite deposits nearer the vent are as much as 12,000 yr oid.

Discrepancy among radiocarbon ages of upland tephra deposits provisionally correlated as the
same grainfall is resolvable within =2 ¢ of analytical uncertainty. Comparison of bulk and AMS
ages in one sediment core indicates a systematic bias of +600 to + 1100 yr for the bulk ages;
correlation of tephra deposits among upland and lacustrine sites implies an additional discrepancy
of 200-400 yr between upland (relatively too young) and lacustrine ages. In any case, the Mount
Edgecumbe tephra deposits are a widespread, latest Pleistocene stratigraphic marker that serves to

emphasize the uncertainty in dating biogenic material from southeastern Alaska.

of Washington.

INTRODUCTION

Late Quaternary tephra (fallout ash) de-
posits at Lituya Bay, Juneau, and Sitka in
southeastern Alaska were described by
Heusser (1960), McKenzie (1970), Yehle
(1974), Mann (1983), and Mann and Ugolini
(1985), all of whom suggested that the de-
posits had a source at the Mount
Edgecumbe volcanic field (MEF) on Kru-
zof Island (Fig. 1). Seamounts in the Gulf of
Alaska and Quaternary volcanoes else-
where in southeastern Alaska are more dis-
tant than the MEF (Brew et al., 1984; Ross-
man, 1959), which was thus a more reason-
able candidate for the source area. Yehle
(1974) described beds of different colors in
a sequence of tephra layers at Sitka, indi-
cating a range of compositions. Four radio-
carbon ages relating to the tephra deposits
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have been published: 8570 = 300 yr B.P. for
a tree rooted atop tephra deposits at Sitka
(W-1739; Yehle, 1974); 9150 = 150 and 9180
+ 150 yr B.P. for a tree on the west coast of
Kruzof Island buried by one of the young-
est deposits (1-12,218 and 1-12,219; Riehle
and Brew, 1984); 10,300 = 400 yr B.P. for
peat beneath a tephra bed near Juneau (L-
297D; Heusser, 1960); and a composite age
of 11,000 yr B.P. (see below) based on cor-
relation of a tephra layer among several
sites near Glacier Bay (McKenzie, 1970)
(Fig. 1).

As the five of us independently pursued
studies of surficial deposits in southeastern
Alaska and volcanic deposits on Kruzof Is-
land, we found that the age of the latest
Pleistocene tephra layers appeared to differ
among localities. In this paper we pool our
recently acquired data, correlate tephra
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Fi1G. 1. Location of the Mount Edgecumbe volcanic field on southern Kruzof Island in southeastern
Alaska. The localities of regional tephra deposits described in this report are shown as numbered dots.
Deposit thickness (cm) is given in parentheses, followed by median grain size (mm) based on sieving
or by “‘m” or “'f”’ (for medium- or fine-grained ash) by visual estimation. Dots having only numbers
in parentheses are sites where a tephra deposit occurs but is not described in detail; triangles are sites
where tephra was sought but not found.

samples from several sites, and interpret
the radiocarbon data to propose an age
range for the sequence of tephra layers.

STRATIGRAPHY OF THE MOUNT
EDGECUMBE VOLCANIC FIELD

The Mount Edgecumbe volcanic field is

30 km west of Sitka (Fig. 1). The field has
two main volcanic landforms—the compos-
ite cone of Mount Edgecumbe and the cra-
ter and domes of Crater Ridge—and several
smaller scoria cones (Fig. 2). The geologic
section on southern Kruzof Island consists
of Pleistocene lava flows (Riehle et al.,
1989) overlain by pyroclastic-flow and fall-
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F1G. 2. Map of southern Kruzof Island showing the composite cone of Mount Edgecumbe, the
domes and crater of Crater Ridge, and smaller scoria cones. Triangles are volcanic vents active
following deglaciation; numbered dots are sites of near-vent fallout or pyroclastic-flow samples de-
scribed in the text or tables. Contour interval 303 m (1000 ft). Base from U.S.G.S. quadrangles Sitka

A-5 and A-6 (1951; scale 1:63, 360).

out deposits (J. Riehle, unpublished data).
Till occurs locally between the lava flows
and the pyroclastic deposits, indicating that
most of the cones and craters are postgla-
cial in age. The exact age of deglaciation of
Kruzof Island is unknown; deglaciation of
the region had begun no later than 12,500 yr
ago (Mann, 1986).

The oldest postglacial pyroclastic depos-
its are beds of red and dark-gray basaltic
andesite scoria (51-57% SiO,, bulk) that are
overlain by beds of grayish-brown andesitic
scoria (57-63% Si0,). Such mafic fallout
deposits occur only as far as 30 km to the
north of the MEF (site 6, Fig. 1). The most
widespread MEF pyroclasts are fallout de-
posits of dacitic (66-70% SiO,, bulk) and
rhyolitic (>70% Si0,) composition. Rhy-
olitic fallout and pyroclastic flows were
erupted from Crater Ridge repeatedly over
a period of at least a few hundred years, as

implied by different directions of the natu-
ral remanent magnetization of the deposits
(D. Champion, written communication,
1990). Andesitic eruptions of Mount
Edgecumbe began before and continued af-
ter the onset of rhyolitic eruptions, and a
major dacitic eruption of Mount Edge-
cumbe occurred after the last andesitic
eruption but before the last rhyolitic erup-
tion of Crater Ridge. Dacitic tephra depos-
its are 10 m thick 20 km northwest of Mount
Edgecumbe (sites 12 and 13, Fig. 2) and
none have been found to the south or east.

Two small-volume pyroclastic eruptions
between about 6000 and 4000 yr ago (Riehle
and Brew, 1984) resulted in one, or uncom-
monly two, closely adjacent beds of fine-
grained rhyolitic tephra on Kruzof Island
and nearby sites. Away from Kruzof Island
the beds are typically a pale-gray parting
only a few millimeters thick in the soil over-
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lying the main sequence of tephra deposits.
There is little chance of mistaking such
middle Holocene deposits, known only
within 75 km of Kruzof Island, for the wide-
spread latest Pleistocene tephra deposits
which are the focus of this paper.

SAMPLE LOCALITIES AND
ANALYTICAL METHODS

Tephra samples obtained at 11 sites in
southeastern Alaska (Figs. 1 and 3) are the
basis for this paper. Two sites on Kruzof
Island and a site 20 km to the east at Sitka
are near-vent sites where bedding is well
preserved and there is little contamination
of the thick, coarse tephra deposits by loess
or organic matter. The middle Holocene
tephra deposits are found at these sites.
Sites 4-7 are lakes or ponds and sites 8-11
are upland peat deposits. Tephra was re-
covered from lakes and bogs using a modi-
fied Livingston corer.

Tephra samples (letter labels, Fig. 3)
were cleaned by boiling and (or) ultrasonic
agitation for 10 min, wet-sieved, and oven-
dried before weighing and examination by
binocular microscope. Juvenile pumiceous
clasts were selected by sieving or picking
and were repetitively and gently crushed
and sieved to 0.05-0.10 mm. The sieved
fraction was then washed to get rid of ad-
hering fines. The dried sample was sub-
jected to one or more cycles of separation
in heavy liquids (methylene iodide) and in a
magnetic separator. Examination by polar-
izing microscope indicated that separates
are typically >99% glass.

Glass separates were analyzed for 9 ma-
jor elements by electron microprobe. Each
analysis (Table 1) is an average of 6 to 12
analyses of individual shards. Some shard
analyses were discarded for inclusion of
mineral microlites, which are readily recog-
nized by a concurrent increase in some el-
ements (Na, Ca, and Al in the case of pla-
gioclase) and a proportional decrease of
other elements. Uncommonly, other shard
analyses were discarded for having the ex-
treme value for each of 3 or more elements
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in the range of values for the sample. The
dense fraction (>2.60 g/cm?) of each sample
was microscopically examined to deter-
mine its phenocryst content (Table 2).

CORRELATIONS AMONG NEAR-VENT
AND DISTAL SAMPLES

Glass Composition as a Basis
for Correlation

We use the similarity of glass composi-
tions as a basis for correlating the tephra
deposits. Minerals can fractionate by grain
size and density during transport in the air-
borne plume. Moreover, silicic tephra de-
posits of MEF have only a small percentage
of plagioclase and trace amounts of pyrox-
ene and amphibole (Table 2) and so their
mineral content is inadequate to distinguish
among numerous deposits. Bulk composi-
tion is not used for correlation because the
separation of mineral grains from glass dur-
ing transport leads to a change of bulk com-
position (Sarna-Wojcicki er al., 1981).
Glass is likely to have the same composi-
tion (or compositional range) throughout a
deposit. Minor elements in glass can be
used for correlation (e.g., Sarna-Wojcicki
et al., 1980) but they are typically used to
distinguish among evolved rhyolites that,
unlike MEF magmas, have highly similar
major-element contents. Major elements
are readily determined by microprobe and
serve as a threshold test for similarity.

We compare glass compositions by
means of a similarity coefficient (sc) (Bor-
chardt et al., 1972), calculated as the aver-
age ratio of the normalized oxides of two
samples where the lesser oxide is the nu-
merator. Because analytical uncertainty is
inversely proportional to abundance (Table
1), we exclude from the calculation any ox-
ide having an abundance less than an arbi-
trary 0.40%. Our analytical uncertainty is
calculated for the spread of background-
corrected peak counts and includes the ef-
fects of variable hydration as well as low
total counts caused by inadvertent analysis
of occult microvesicles. The total effect of
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Fi6. 3. Measured sections at sites of tephra deposits shown on Figure 1; distance of each site from
vents on southern Kruzof Island is given in parentheses. Horizontal lines indicate bedding breaks in
tephra deposits (light shading). Lapilli-size clasts are indicated by small circles. Sites 4 through 7 are
lake-sediment cores. Tephra samples are indicated by letter labels; radiocarbon ages in yr B.P. are
selected from Table 5. Note the different scales for each section. Abbreviations: and, andesitic; bas
and, basaltic andesite; dac, dacitic; rhy, rhyolitic.
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hydration, other elements not included in
the analysis, and microvesicles is removed
by calculating the sc using major-element
contents normalized to 100%.

The minimum value of sc necessary to
support correlation depends on the compo-
sitional variability that remains after nor-
malization, Such remaining variability in-
cludes both actual compositional variability
and instrumental variability. We have peri-
odically analyzed splits of glass separates
(Table 3); the sc’s of the high-silica glass
splits are 0.97-0.99, which we treat as a
practical approximation of the instrumental
variability. Thus, sc’s of high-silica glasses
that are less than about 0.98 indicate real
differences. Splits of low-silica glasses have
lower sc’s (0.97-0.94; Table 3) which prob-
ably indicate a higher degree of composi-
tional heterogeneity; the low-silica glasses
typically have some microlites even after
multiple cycles of separation. Even in the
low-silica glass splits, however, average
oxide values are well within the calculated
analytical uncertainty of one another.

Clearly the degree of compositional het-
erogeneity can vary with sample size: indi-
vidual lapilli (and derived shards) can be
finely banded, can vary throughout an
eruption, or, like the (informal) Mazama
ash (Smith and Westgate, 1969), can be ho-
mogeneous and constant in composition
throughout an eruption. In contrast,
Downes (1985) found that glass in each
lapillus in a dacitic tephra deposit in the
Yukon Territory has a composition that
varies within analytical uncertainty. Varia-
tions between lapilli or between individual
shards of a bulk sample, however, exceed
analytical uncertainty and thus indicate het-
€rogeneous magma.

To identify two samples as the same
grainfall, cutoff values of sc can be empiri-
cally derived for each source area by anal-
ysis of multiple samples. As shown below,
0.95 seems to be a suitable cutoff for the
rhyolitic MEF pyroclasts; an s¢ <0.95
means that correlation is unlikely and a
value of 0.95 is ambiguous. Not all of the

RIEHLE ET Atl..

numerous rhyolitic tephra layers. however.
are uniquely distinguishable by major-
element contents. Thus, a value of s¢ >0.95
does not ensure correlation as the same
grainfall. In contrast, dacitic MEF pyro-
clasts are more heterogeneous than the rhy-
olitic pyroclasts and many samples of a sin-
gle dacitic grainfall have sc values with one
another of only 0.90-0.95.

Our main objective is to identify samples
that are highly similar to one another. For
brevity, we show only a few glass analyses
selected to be representative (Table 1) but
we include sc values for all pairs among our
sample set (Table 4).

Compositions and Heterogeneity of
Near-Vent Fallout Deposits

The dacttic fallout deposit is a single bed
that is 10 m thick on the west shore of Kru-
zof Island (sites 12 and 13, Fig. 2). Analyses
of multiple glass separates from within
banded lapilli or between adjacent lapilli in-
dicate that the dacitic glass is heteroge-
neous, ranging from 68% Si0, (normalized)
to 73% Si0,. Samples 1R46l and 1R46d (Ta-
ble [; SiO, 70.4 and 68.1%), for example,
are light and dark bands from a single lapil-
lus. Similarly, 5SR3al and 5R3a2 are two
glass components in a single lapillus. Sam-
ple SR3a2 is a more similar to SR3c. a single
lapillus from lower in the same fallout de-
posit, than to 5R3al. These dacitic glasses
are only marginally similar to one another,
most having sc’s <0.95 (Table 4A). Corre-
lation of these samples as the same grainfall
based on glass composition alone is uncer-
tain owing to such heterogeneity.

The rhyolitic tephra deposits comprise
several compositional groups, samples of
each group having sc’s =0.95 with one an-
other (clusters of high sc in Table 4B). At
some sites, succeeding layers are highly
similar to one another (e.g., 3-B, C. D, and
E; Table 4B). Some compositions occur
only in certain azimuths: for example, de-
posits to the north of the vent (1-E and 2-
A-B-C) are dissimilar to those to the east
(3-B-C-D; Table 4B). The rhyolitic pyro-
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clasts are less heterogeneous than the
dacitic pyroclasts, and on a larger scale
than single lapilli.

To illustrate better the nature of the com-
positional heterogeneity of these glasses,
compositions of individual glass shards are
shown (Fig. 4). Two components are
clearly identifiable in dacitic sample 5R3a
based on bimodal MgO and Fe;O; con-
tents. The analytical uncertainties of oxides
in the major component (5R3al) are not im-
proved by normalization, indicating that
most of its variability is actual. Indeed,
5R3al has no sc in excess of 0.92 with any
other sample (and so is not in Table 4A).
Conversely, dacitic sample 1-A is unimodal
(Fig. 4B) and its analytical uncertainties,
especially that of SiO,, are improved by
normalization (Table 4A).

RIEHLE ET AL.

Compositions of the Distal
Fallout Samples

Dacitic tephra has been identified (Table
4A) at distal sites 4, 6, 7, 8,9, 10, and 11
(Fig. 1). Despite the close proximity of their
sites northwest of the vent, samples 9-A
and 10-A1l are only marginally similar to
one another (sc = 0.93) and to the other
dacitic samples (Table 4A). Dacitic samples
from sites 4, 6, 7, 8, and 11 north-northeast
of the vent are similar to one another: most
sc's are 0.95 to 0.98. All distal dacitic
samples are approximately similar to at
least one near-vent sample, but only three
distal samples have an sc >0.95 with any
proximal sample (samples 9-A, 2-D. and 6-
D2). Perhaps the distal deposits formed of
limited parts of a broadly heterogeneous
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FiG. 4. Histograms showing the distribution of major oxide abundances (in wt%) in individual glass
shards of Mount Edgecumbe fallout deposits. In each plot, the lower line shows raw abundances and
the upper line shows abundances after normalization to 100 percent. (A) Two glass components can be
identified in dacitic lapillus 5R3a based on normalized MgO, SiO,, CaO, and Fe;O;. Normalization
does not improve variability, indicating that much of the analytical uncertainty represents actual
chemical heterogeneity (1 o relative before/after normalization of component 1 is: Na,O, 10/9.3%:;
MgO, 12/12%, Al,O,, 3.3/3.0%: Si0,, 1.9/1.1%; K,0, 5.7/5.8%; CaO, 15/12%: TiO,, 35/34%; FeO;,
4.3/4.7%). (B) The composition of dacitic ash 1-A is unimodal and the analytical uncertainty, especially
of Si0,, is improved by normalization (1o before/after normalization is: Na,O, 6.6/3.6%, MgO,
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3.1/3.9%). Thus, much of the analytical uncertainty is the effect of hydration and (or) microvesicles

and is removed by normalization.
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eruption column during brief energetic
pulses.

Except at site 8, dacitic ash at all other
distal localities is mixed with rhyolitic ash.
At site 4, layer 4-B is pure dacitic ash but
dacitic ash is mixed with rhyolitic ash in the
over- and underlying layers (4-A and 4-C).
Such mixing may occur secondarily by
freeze-thaw, or may indicate overlapping
falls of dacitic and rhyolitic ash. At no site,
however, is there more than one dacitic
grain-fall deposit (i.e., two layers of dacitic
ash separated by a layer of rhyolitic ash).

Most rhyolitic samples at sites to the
northwest, northeast, and east of the MEF
(Sites 1-3, Fig. 1) have sc’s with one an-
other that are =0.95 and so represent dif-
ferent eruptions of distinguishable magmas.
In contrast, some different eruptions pro-
duced similar deposits: 4-Al and 4-L1, the
youngest and oldest rhyolitic deposits at
site 4, have an sc of 0.96 with one another
yet are clearly not the same grainfall de-
posit.

Based on occurrence of bedding breaks
and differences in glass composition, six
groups of rhyolitic layers can be distin-
guished in a lake basin northeast of the vent
(site 4, Fig. 3). These are, from oldest: 4-L1
(rhyolitic ash mixed with andesitic ash), G-
H-I-J (includes a silt parting), F, C2-D-E
(also includes a parting), and Al. Layers
4-G-H-I-J and C2-D-E each comprise two
grainfalls but because of their high degree
of chemical similarity, we treat G-H-I-J to-
gether as a group and C2-D-E as another
group. Layers 4-A2, 4-B, and 4-C1 are
dacitic ash.

Four layers of rhyolitic ash occur east of
the vent (site 3, Fig. 3). The layers are
chemically similar to one another (sc
=(.96; 3-B, C, D, and E, Table 4B) and
constitute a group that is similar to rhyolitic
deposits C2-D-E and G-H-I-J at site 4 and
to parts of chemically heterogeneous de-
posits at distal sites 6 and 7 north of the
vent (Table 4B). Proximal rhyolitic deposits
north of the vent are one thick, chemically
homogeneous bed (2-A-B-C, Fig. 3) that
overlies a thin bed (2-D) of dacitic ash, and
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a thin rhyolitic bed (1-E, Fig. 3) that under-
lies a thick deposit of dacitic ash (1-
A-B-C-D).

Despite the lack of bedding within the de-
posit at site 7, glass in subsample 7-A is
chemically distinguishable from that in 7-B
and 7-C (Table 4B). Thus, the deposit is a
composite of multiple grainfalls; bedding is
not discernible probably due to fine grain
size and bioturbation.

Proposed Correlations

We propose correlation of the samples
from different sites as the same grainfall
based on their compositional similarity and
stratigraphic position. Sites 4, 6, 7, and 11
are nearly colinear with the source, thus
each deposit at the more distant sites 7 and
11 should have a correlative at site 6 and
(or) at site 4. Indeed, except for sample 7-
A, all rhyolitic samples at sites 4, 6, and 7
are nearly indistinguishable (Table 4B). The
proposed correlatives of the rhyolitic sam-
ples are outlined in Table 4. Because of the
large number of measured sections and de-
posits, we have not outlined the proposed
correlatives on Figure 3 as well; colored
pencils might aid in doing do.

We propose the following correlatives:
(1) 3-B-C-D and 4-G-H-I-J; (2) 2-A-B-C, 4-
F(7), and 11-1; (3) 1-A-B-C, 2-D(?), and 11-
2; (4) 6-A-C1-Dt, 7-B-C2, and 4-C2-D-E.
Rhyolitic deposits 2-A, 2-B, and 2-C overlie
dacitic deposit 2-D, and deposit 4-F under-
lies all dacitic ash at site 4. If there was but
a single dacitic grainfall, then one of 4-F
and 2-D cannot correlate as proposed
above. Our data cannot resolve this di-
lemma. The lowest dacitic ash at site 4 is
mixed in layer C and we correlate this ash
(C1) with the lowest dacitic ash at the other
distal sites: (5) 4-C1, 6-C2, 7-C1, and prob-
ably 8-A. Rhyolitic ash 10-A2 matches all
rhyolitic deposits at site 4 equally well but
due to its occurrence mixed with dacitic ash
(10-A1) we favor correlation of 10-A2 with
upper layers 4-Al or 4-C2-D-E.

Discussion of Correlations

Despite ambiguity in correlations of
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some samples, all distal samples are
broadly similar in glass composition to one
or more near-vent samples. Thickness and
grain-size data are also consistent with an
origin at MEF for all samples (Fig. [).

To summarize, the oldest rhyolitic tephra
(4-L1) was deposited north of the vent and
mixed with andesitic tephra (Fig. 5A). Two
to four rhyolitic grainfalls occurred after a
brief hiatus and include a brief hiatus (silt
partings at site 4; Fig. 3). Ash from these
eruptions was distributed east and north-

RIEHLE ET AL.

cast of the vent (3-B-C-D-E, 4-G-H-I-J, 6-
D1, and 7-C2: Fig. 5B). Rhyolitic and
dacitic eruptions then produced tephra de-
posits that extend northwest (sites 11 and
12). north and north-northeast (sites 1. 2,
and 4; correlatives at sites 6, 7, 8, 9, 10, and
11) of Mount Edgecumbe. For two reasons
we infer that these eruptions were simulta-
neous. First, dacitic ash and rhyolitic ash
are mixed within individual layers at sites 4,
6, 7. 10, and 11. Second, simple correia-
tions having consistent stratigraphic rela-

A) Single layer of mixed
rhyolitic and andesitic ash

C) One to 3 grainfalls of rhyolitic ash, in

/ @ 7-B2,C2
/
/
/
@ 6-C1,D1? /
| /
4G HIL 7
411 @ \' e
\@1-E?
A N ~
"’.L3-B,C,D; E
B) Two to 3 grainfalls of rhyalitic ash
°
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\® oA
\ e 9A T e
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\\ \ o/ BC1 .
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places mixed with 1 grainfall of dacitic ash

D) One(?) rhyoilitic grainfall

F16. 5. Schematic summary of correlations among silicic tephra deposits of the Mount Edgecumbe
volcanic field, from oldest (A) to youngest (D). The source (triangles) of the dacitic fallout is Mount
Edgecumbe and the source of the rhyolitic fallout is Crater Ridge. Our data are inadequate to define
precisely the edge of each plume, thus dashed lines are only a conceptual approximation.
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tions cannot be deduced among the dacitic
and uppermost rhyolitic ash deposits at
sites 1, 2, and 4. The total of the evidence is
that there was but a single dacitic eruption.
Thus, we hypothesize that dacitic ash fell
initially at site 2 (2-D) but near the vent was
subsequently confined to the southwest of
an interface between plumes of rhyolitic
ash (2-A-B-C and 4-F) and dacitic ash (1-
A-B-C-D; Fig. 5C). Late in the concurrent
eruptions, high-flung rhyolitic ash (4-
C2-D-E) and dacitic ash (4-C1-B) each
eventually fell at site 4 in a succession re-
flecting earlier pulsing of each eruption col-
umn,

Rhyolitic ash occurs mixed with dacitic
ash in the topmost deposit at sites 4 (4-Al)
and 7 (7-A), and 7-A is possibly correlative
with rhyolitic ash 10-A2. This youngest de-
posit of rhyolitic ash may have formed ei-
ther by the last fall of fine ash erupted con-
currently with the dacitic ash or by a sepa-
rate rhyolitic eruption after the dacitic
eruption. There are no topmost rhyolitic
layers at sites 1 and 2 that correlate with
4-A1 or 7-A (Fig. 5D), thus we prefer the
former alternative.

AGE OF THE TEPHRA DEPOSITS

Radiocarbon ages that bound the MEF
tephra deposits range from 16,500 to 9200
yr B.P. (Table 5). Although the large num-
ber of deposits may support a protracted
eruptive period, we doubt that the age
range is as large as 7300 yr. Lake sediments
at site 4 (Fig. 3) include a compositionally
complete tephra sequence from basaltic
andesite at the base to rhyolite at the top.
Only two laminae of silt, each about 1 mm
thick, occur within the entire tephra se-
quence. We do not know how long after
each eruption sedimentation was domi-
nated by eroded tephra; assuming rework-
ing for 100 yr, the 6 rhyolitic deposits could
represent as many as 600 yr. This is a max-
imum estimate because we have seen no
evidence in the deposits for reworking
(color changes or clast rounding that grade
upward within an ash bed). The 4.8 m of
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lake sediment deposited over about 10,000
yr represent an average rate of 0.5 mm/yr,
so the 2 silt partings probably represent
only a few decades. We believe the entire
tephra sequence at site 4, including the ba-
saltic andesite layers, was deposited in less
than a millennium. We do have an acceler-
ator-mass-spectrometry (AMS) age be-
neath the tephra deposits, but the analytical
uncertainty at 2 ¢ (16,500 = 6400 yr B.P.;
Table 5) is too large to aid in confirming the
hypothesis.

Both bulk-sediment and AMS ages were
obtained for lake sediments including the
MEF tephra deposits on Pleasant Island
(site 7) (Table 5). Bulk ages indicate that
sedimentation rates varied in different parts
of the core (Fig. 6). More important, three
AMS ages of conifer needles indicate a dis-
crepancy with bulk ages of 600 to 1000 yr in
one part of the core and 700 to 1100 yr in
another part of the core. Such an older shift
of bulk sediment ages has been reported
elsewhere (Lowe et al., 1988) and here is
probably due mainly to input of ancient car-
bon (as bicarbonate ion) from tills in the
catchment basin and potentially to sedi-
mentary contamination by older biogenic
carbon. A fourth AMS age of an unidenti-
fied woody fragment falls on the depth-age
curve established by adjacent ages of bulk
organic sediments. It is 400-500 yr older
than the two AMS ages of conifer needles
from deeper in the core. We have no certain
explanation for this discrepancy but specu-
late that the woody material may have been
contaminated by aquatic carbon or may be
reworked from older material in the drain-
age basin.

The tephra deposit on Pleasant Island
(site 7) is closely bounded by bulk sample
ages of 11,950 = 120 yr B.P. above and
12,280 = 120 yr B.P. below (Table 5). We
correlate the tephra deposit at site 7 with
the uppermost rhyolitic deposits at site 4
(4-E through 4-A) but the glass analyses do
not preclude the possibility that older rhy-
olitic ash (4-F or G-H-I-J) occurs at site 7 as
well. In any case, the maximum difference
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TABLE 5. RECENTLY ACQUIRED RADIOCARBON AGES LIMITING THE MOUNT EDGECUMBL |'t£PHRA
DEPOSITS; ACCELERATOR-MASS-SPECTROMETRY AGES INDICATED BY ASTERISK. AGES FOR LOCALITY
7, PLEASANT ISLAND, ARE PLOTTED ON FIGURE 6; ALL OTHERS ARE PLOTTED ON FIGURE 2.
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FiG. 6. Bulk and accelerator-mass-spectrometry (AMS) radiocarbon ages in yr B.P. of lake sedi-
ments from Pleasant Island near Glacier Bay (site 7, Figs. 1 and 3) plotted against core depth. Bulk
ages are older than true ages because of sedimentologic and geochemical processes; an estimate of the
amount of bias (600-1100 yr) is provided by three AMS-age determinations on conifer needles.

in the bulk ages at site 7 (330 = 240 yr) is
consistent with our previous estimate of
600 yr maximum for the entire rhyolitic se-
quence at site 4.

The AMS-adjusted age ranges from site 7
are plotted on Figure 7 together with the
radiocarbon data from other sites. The in-
terpreted probable age range of the deposits
at site 7 is between about 11,000 and 11,400
yr B.P. (double-ruled area), but owing to
propagation of analytical uncertainty, it
could be as large as 10,600 to 11,800 yr.
B.P. The three Montana Creek age deter-
minations are consistent with one another
within *2 ¢ if the actual age is between
10,400 and 11,000 yr B.P.; the same com-
posite age results, even excluding Heuss-
er’s (1960) early age. Rhyolitic ash at site 6
is limited by a bulk age of lacustrine gyttja
to >12,290 + 230 yr B.P. (Table 5) but
given the demonstrated error in the Pleas-
ant Island bulk ages, this age is uncertain
for being potentially too old as well.

A sample of the tephra layer at Glacier
Bay was provided by G. D. McKenzie
(sample 11, Table 4). The layer occurs near
the top of emergent marine deposits which
are limited by two bulk ages from sites ad-
jacent to that where the tephra layer occurs
(McKenzie, 1970): 10,940 = 155 yr B.P. (-
2395) for overlying basal peat and 10,400 =+
260 yr B.P. (I-1616) for rooted wood. Mc-
Kenzie also reports the age of a conifer
cone in the marine deposits, but its strati-
graphic position is not precisely given and
the cone could be as much as a century
older than the sediments. The minimum
limiting peat age is the same as that from
Pleasant Island, about 10,600 yr (Fig. 7).

The dacitic tephra deposit at site 10 has
an upper limiting age of 10,520 = 120 yr
B.P. and at site 9 is limited by 9510 = 105 yr
B.P. above and 10,720 = 150 yr B.P. below
(Table 5). These composite limits (10,200 to
11,000 yr B.P.) are slightly younger than
those from Montana Creek. The deposit at
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FiG. 7. Schematic summary of radiocarbon ages that limit the age range of the latest Pleistocene
silicic fallout deposits of the Mount Edgecumbe volcanic field. Samples are arranged in order of
locality from west to east: Lituya Bay (sites 9 and 10, Fig. 1); Glacier Bay (sites 7 and 11); and Montana
Creek (site 8). Diagonals are the permissible age range of deposits based on the combined 2 analytical
uncertainty of all plotted ages at each locality. Propagation of error in AMS-based corrections to bulk
ages in the Pleasant Island core results in unusually large uncertainty. The double diagonals are the
likely age range of the tephra deposits in the Pleasant Island core and the single diagonals are the
extreme possible range. Capital letters refer to the groupings of tephra deposits based on correlations
shown in Figure 5 from oldest (B) to youngest (D).

site 7, however, is estimated to be not
younger than 10,600 yr B.P. (Fig. 7) and it
includes dacitic ash. Thus, the estimated
composite age of the dacitic tephra deposit
based on all available data from sites 7, 9,
10, and 11 is 10,600-11,000 yr B.P.

Data from site 7 alone imply that the
dacitic ash is probably between 11,000 and
11,400 yr old (Fig. 7). Although the bulk age
samples closely bound the tephra layer at
site 7, they are subject to a large degree of
uncertainty due to propagation of errors in-
troduced in their correction by use of the
more accurate AMS ages. Either (1) the

composite range of 10,600-11,000 yr for the
dacitic ash is correct and is simply at the
upper limit of the range of site-7 age data,
(2) there remains a systematic bias of 200 to
400 yr between the ages of terrestrial and
lacustrine samples (the terrestrial ages be-
ing too young), or (3) the tephra deposit at
site 7 includes dacitic ash as young as
10,600-11,000 yr B.P. as well as rhyolitic
ash as old as 11,000-11,400 yr old (correla-
tive with 4-G-H-1-J). Future work may re-
solve this uncertainty.

The last of these latest Pleistocene—early
Holocene eruptions occurred about 9160 yr
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ago based on the age of a stump (Riehle and
Brew, 1984) buried by the uppermost of the
pyroclastic deposits on the west shore of
Kruzof Island (site 12, Fig. 2). The top of
the stump was frayed and the tree had prob-
ably been killed by the deposit. The only
fallout samples that might correlate with
such a young eruption are 4-A and 10-A2.
We have previously argued, however, that
10-A2 is >10,600 yr old (Fig. 7). Most prob-
ably, if the eruption 9200 yr ago produced
an ash plume, it extended west to the sea.

SUMMARY AND CONCLUSIONS

The latest Pleistocene deposits of dacitic
and rhyolitic tephra occur widely in the
northern part of southeastern Alaska.
Chemically heterogeneous dacitic pyro-
clasts comprise the deposit of a single
grainfall. Rhyolitic pyroclasts comprise
multiple layers, each of which is more ho-
mogeneous than the dacitic deposit. The
variability of the major elements in glass as
determined by microprobe is insufficient to
permit unambiguous correlation of some
rhyolitic layers. General similarity to glass
in near-vent samples, however, together
with trends of grain size and deposit thick-
ness, support correlation of all dacitic and
rhyolitic samples with the Mount Edge-
cumbe volcanic field on Kruzof Island.

The range of radiocarbon ages associated
with these silicic tephra deposits is 9200 to
16,500 yr B.P. but the nearly total absence
of internal unconformities implies an age
range of no more than a millennium and
perhaps only decades. Comparison of bulk
ages with AMS ages shows that bulk lake-
sediment ages from Pleasant Island are too
old by 600-1100 yr. Moreover, replicate
ages of terrestrial deposits at Montana
Creek serve to emphasize that the true age
may differ from the reported age by two or
even three times the analytical uncertainty
of one o (more if the sample is contami-
nated). Eighteen radiocarbon ages can be
interpreted to limit the age of the silicic
tephra deposits to between 10,600 and
11,400 yr B.P. Part of this range of 600 yr
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may be due to a potential discrepancy of
200400 yr that remains between ages of
terrestrial samples (relatively too young)
and AMS-corrected ages of lacustrine sam-
ples.

Within 30 km to the north of Kruzof Is-
land, the silicic tephra deposits immedi-
ately overlie tephra deposits of andesitic
and basaltic andesite composition. The lack
of unconformities within these mafic fallout
deposits implies that the oldest mafic de-
posit is no more than about 12,000 yr old.

Despite ambiguities in correlations of
some silicic samples, the sequence of MEF
tephra deposits should be useful as a latest
Pleistocene stratigraphic marker in the re-
gion from Kruzof Island to the northeast as
far as Juneau and northwest as far as Lituya
Bay. In particular, there are no other tephra
deposits in the region with which they can
be confused. Our attempts to date the de-
posits precisely serve to emphasize the un-
certainties inherent in the radiocarbon
method. We suggest that future work in
southeastern Alaska include additional ra-
diocarbon dating to confirm or refine the
age range of the tephra deposits. It is also
important to continue evaluating the suit-
ability of sample material from the region
for dating by systematically comparing bulk
ages with those acquired by AMS tech-
niques.
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