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Abstract. Until the 18 May 1980 eruption of Mount St.
Helens, a debris fan and adjacent forest downslope
from the dacitic Goat Rocks dome, on the north flank
of the volcano, contained evidence that the dome was
active in 1842 or 1843. The fan was destroyed by the de-
bris avalanche of 18 May. Before 1980, the oldest tree
cored on the debris fan showed that the fan predated
1855 by a few years. The young age of this tree suggests
that the dome was active several decades after extrusion
of the nearby andesitic “floating island” lava flow,
dated to 1800. An anomalous series of narrow rings that
starts with the 1843 ring is present in cores from two
older trees adjacent to the fan. These ring-width pat-
terns imply that these trees were damaged in late 1842 or
early 1843 by flowage material from the dome; the trees
were probably singed by an ash-cloud surge that origi-
nated on the dome as a hot-rock avalanche. Several lines
of evidence suggest that the anomalous ring patterns re-
cord tree injury by surge, rather than by lahars or non-
volcanic causes (climate or insects). First, comparable
ring patterns formed in all sampled trees that survived
the 18 May surge, but formed in only a few sampled
trees abraded or partially buried by 18 May lahars. Sec-
ond, a 13-cm fine-ash layer, consistent with either teph-
ra fall or surge emplacement, was present on the 1840s
forest floor; yet the lack of similar tree-ring responses to
1980 tephra fall shows that such minor tephra fall could
not have caused the ring patterns. Third, identical 1843
narrow-ring patterns are absent in control trees further
from the volcano. The ring patterns of the trees adjacent
to the Goat Rocks fan provide the first field evidence
that the dome was active in late 1842 or early 1843.
Thus, the new tree-ring dates confirm stratigraphic evi-
dence for the youth of the activity of the Goat Rocks
dome. They also link historical accounts of mid nine-
teenth century volcanism at Mount St. Helens with con-
tinuing dome extrusion. The dates additionally corrobo-
rate and revise the dacite-andesite-dacite petrologic cycle
interpretation of Mount St. Helens’ Goat Rocks erup-

Correspondence to: DK Yamaguchi

tive period (1800-1857). They constrain the cycle to no
more than 43 years. Lastly, the dates support the notion
that the vent that erupted the 1800 dacitic T tephra was
different from the one that produced the Goat Rocks
dome. We infer that the magma that formed the “float-
ing-island” lava flow plugged the T tephra vent. This
forced residual magma from the compositionally zoned
magma chamber into an alternate conduit. The second
conduit produced the unnamed 1842 lithic tephra and
the Goat Rocks dome.

Key words: Mount St. Helens - historical eruptions -
Goat Rocks dome - dome growth - hot rock avalanche
- ash-cloud surge - tree-ring daring

“To the northwest and southeast can be seen two
mountains [Mount Rainier and Mount St. Helens, Fig.
1], the height of which I am still ignorant, however, they
exceed 4000 feet [1220 m]. They are covered with snow,
even in the greatest heat of summer.

One of them [Mount St. Helens], that to the south-
east, is conical in shape and faces my dwelling. The Sth
of December last [1842], at three o’clock in the after-
noon, one of the sides opened and there was an eruption
of smoke such as all our oldest voyageurs [French-Cana-
dian fur trappers} here have never seen. These eruptions
of smoke took place during several days at delayed in-
tervals, after which eruptions of fire broke forth. They
take place almost continually, but with an intensity
which varies greatly in a short time ...

... It is especially in the evening that all this is better
observed and offers the spectator a magnificent view.

At the foot of this mountain is a little river whose
waters empty into the Cawlitz [sic]. Since this volcano
has broken forth, almost all the fish that are edible have
died ...”

JBZ Bolduc, missionary at
the Mission of St. Francis
on the lower Cowlitz River
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Fig. 1. Index map. K shows Paul Kane’s vantage of a March 1847
eruption (Table 2). Circles show modern-analog or control tree-
sampling sites not shown in Fig. 2. S, 1980 ash-cloud surge; P, M,

“I left home with my family on the 11th of December
[1842], and crossed over to Astoria and spent the night
... Here I left my family, and set out with my canoe for
Vancouver, and on the following day [13 December
1842] as we were ascending the [Columbia River], hav-
ing Mount St. Helen in full view, we discovered a vast
column of smoke ascending from the north-west side of
the mount near its top ..."”

JH Frost, missionary
(both quotes from Majors
1980)

Introduction

In recent years, all major events of Mount St. Helens’
Goat Rocks eruptive period (1800-1857; Pallister et al.
1987) save one - the emplacement of the dacite Goat
Rocks dome on the volcano’s north flank (Fig. 2) - have
been assigned calendar dates (Table 1). Accurate dating
of this event is important to increasing understanding of
Mount St. Helens’ behavior during the eruptive cycle
that preceded its 1980-1986 activity. From new tree-ring
evidence, we assign a date of late 1842 or early 1843 to a
probable Goat Rocks dome eruption.

First described by Verhoogen (1937), the Goat Rocks
dome is thought to have been extruded during or after a
November 1842 eruption that produced a lithic ash that

Pine Creek and Muddy River 1980 lahars; 7, fine 1980 tephra fall;
C, control sites

fell 100 km southeast of the volcano (Table 2; Crandell
1987). The dome presumably did not grow after 1857,
the date of the last significant eruptive activity at the
volcano before 1980 (Tables 1, 2). Yet evidence support-
ing the dome’s ca. 1842 extrusion date and any possible
1842-1857 growth has been scant. The oldest tree Cran-
dell (1987) found growing on pre-1980 Goat Rocks fan
deposits started growing before 1876. The apparent
youth of this and other trees in the first-generation pine
forest on the fan suggested that the dome was young.
Among historical accounts, Paul Kane’s painting of a
March 1847 eruption from a vent below Mount St. Hel-
ens’ summit in the approximate location of the Goat
Rocks dome has been interpreted as an extrusive erup-
tion (Vaughan 1971; Hoblitt et al. 1980; Crandell 1987).
But field evidence linking Kane’s painting with 1840s
dome activity has been lacking.

Crandell (1987) described the pre-1980 Goat Rocks
dome and its environs as consisting of four zones: (1)
the dome; (2) the barren fan of rock debris that ex-
tended downslope from the dome to about 1350 m; (3)
the fan below this altitude, which supported the young
pine forest; and (4) the adjacent mature forest rooted on
older deposits, into which fingers of the debris fan ex-
tended (Fig. 2). From stratigraphic and paleomagnetic
evidence, Crandell concluded that the fan deposits origi-
nated as hot rock avalanches from the dome, some of
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Fig. 2. Aerial view of the north-
west flank of Mount St. Helens
on 12 July 1970 showing (1) the
Goat Rocks dome, (2) its barren
debris fan, (3) the lower fan colo-
nized by young pine trees, and (4)
adjacent mature forests. Numbers
show known collection sites of
cores from trees rooted on debris
fan lahars (Table 3, trees 40-98
and -140) or from trees that sur-
vived fan emplacement (trees 40-
116 and -118). F shows location
of previously reported trees cored
on the “floating island™ lava flow
(Yamaguchi et al. 1990). Copy-
righted photograph by the late
Leonard H. Delano, Portland,
Oregon

Table 1. Dates for major events of Mount St. Helens’ Goat Rocks eruptive period (1800-57)

Event® Year Evidence

Layer T tephra 1800 Onset of narrow rings in surviving trees (Lawrence 1939; Yamaguchi 1983)
erupted (D)

“Floating island™ 1800 Onset of tree-growth anomalies (Lawrence 1941; Yamaguchi et al. 1990)
lava flow ex-

truded (A)
Unnamed lithic

tephras erupted
Goat Rocks dome

extruded (D)

Nov. 1842

Post-T; accompanied
or followed *float-
ing-island™ flow.

Probably post-1842
tephra

Last significant 1857
eruption

Historical accounts and stratigraphy (Lawrence 1938, 1941, 1954; Holmes 1955; Oka-
zaki et al. 1972; Majors 1980; Mullineaux 1986)
Stratigraphy (Hoblitt et al. 1980)

Young ages of first-generation trees on dome debris fan (Crandell 1987); see text

Historical accounts (Holmes 1955; Crandell 1987)

1 (D), dacite; (A), andesite

which generated pyroclastic flows or lahars that flowed
near or into forest zones. While Crandell did not de-
scribe associated ash-cloud surge deposits, eruptions of
the modern dacite dome in the 18 May 1980 crater show
that surges can accompany hot-rock avalanches from
growing domes and leave only minimal deposits (Mel-
lors et al. 1988). Thus, surges could also have contrib-
uted to fan formation and the destruction of the pre-
existing forest.

The features Crandell described were destroyed by
the debris avalanche of the 18 May 1980 eruption (Lip-
man and Mullineaux 1981). Before then, more age in-
formation on the Goat Rocks dome could probably
have been obtained by examining the annual rings of old
trees marginal to the debris fan (Fig. 2, zone 4) for evi-
dence of past forest disturbances (Lawrence 1938). For-
tunately, during 1938-1940, Lawrence collected cores
from several such trees and from young trees growing
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Table 2. Historical events at Mount St. Helens possibly related to Goat Rocks dome extrusion

Date Account Observer(s) Reference®

Spring or summer 1835 Snowy slopes of volcano blackened; ash fall at Ft. Vancouver Meredith H
Gairdner

Oct 1835 Intermittent smoke and ash emissions Samuel Parker H

22 Nov 1842 Eruption column; southwest flank of volcano darkened JL Parrish H, M

25 Nov 1842 Lithic ash fall at The Dalles, Oregon, 100 km southeast of volcano HB Brewer H, M

30 Nov and 1 Dec 1842 Eruption witnessed; second ash fall at The Dalles Daniel Lee, M
ZA Mudge M

S Dec 1842 Eruption column from flank vent; incandescence; fish killed in JBZ Bolduc M

North(?) Toutle River®

13 Dec 1842 Eruption column from vent on northwest flank JH Frost H, M

Oct 1843 Eruption columns from “crater on south flank” Overton H
Johnson, WH
Winter

16 Feb 1844 Eruption column from vent “on side of mountain, about two thirds PH Burnett H, M

of the distance from its base™; incandescence

30 May 1844 Eruption column George Gary H, M

28 Dec 1844 Mountain described as “a burning volcano” PH Burnett H, M

13 Sep 1845 Eruption column HJ Warre M

26 Mar 1847 Eruption from north flank vent Paul Kane H, M, Vv

30 Mar 1847 Eruption column Paul Kane M

21 Mar 1850 Smoke emissions from vents on “north and northeast sides™ Oregon H, M
Spectator

Mar 1853 Smoke emissions from “south™ flank vent Charles Stevens M

10 Apr 1853 Eruption column Charles Stevens H

2-3 Aug 1853 Smoke emissions from northwest flank vent George Gibbs M

26 Aug 1853 Smoke emissions from “crater” on northeast flank TJ Dryer M

23(7)-25 Feb 1854 Smoke and ash emissions Portland H
Oregonian

17 Apr 1857 Eruption column Steilacoom, WA, H
Republican

* H, Holmes (1955); M, Majors (1980); V, Vaughan (1971)
" The latter observation, together with the northwestern viewpoint

on the debris fan (zone 3) with the intention of dating it.
Although Lawrence did not publish his findings, he
saved his cores and field notes to the present. Here we
present these and related data, and describe their impli-
cations for the age of the Goat Rocks dome.

Description and analysis of Lawrence’s cores

Descriptions of the trees Lawrence cored on and margi-
nal to the Goat Rocks dome debris fan were obtained
from his notes and aerial photographs (Fig. 2 and Table
3). Two of the three young trees rooted on the fan were
lodgepole pine; one was a Douglas fir. Two older trees
marginal to the debris fan were both Douglas fir. A soil
profile between the latter trees contained a 13-cm layer
of fine ash (Table 3).

Lawerence’s cores were mounted and sanded follow-
ing standard procedures (Stokes and Smiley 1968; Swet-
nam et al. 1985; Phipps 1985). Exact calendar years
were then assigned to rings within cores by ring counting
combined with “cross dating”. The latter method in-
volves matching climatically controlled ring-width and
-density patterns in cores with control patterns present
in living trees. It ensures against dating errors caused by
rare missing rings (Fritts 1976; Schweingruber 1988; Ya-
maguchi 1985, 1991). Cross-dated ring widths in cores

of observer (mission, Fig. 1), suggest the vent was on the north
flank (Majors 1980)

from the two trees next to the debris fan were measured
to the nearest 0.01 mm and plotted.

The control ring pattern was similarly quantified by
cross dating and measuring ring widths in 46 cores from
25 old-growth Douglas fir in the forest 28 km east of the
volcano (Fig. 1), beyond the known fallout zones of
Goat Rocks period tephras. To quantify tree-growth
trends caused by yearly climatic variation, decay curves
were fitted to all measurement series by least squares.
Measurements were then divided by curve values and av-
eraged among all cores and trees following standard
procedures. Ring widths were not simply averaged be-
cause of varying tree ages and declining radial growth
rates over three lifespans (Fritts 1976; Graybill 1982;
Sheppard and Jacoby 1989).

Potential modern analogs

To understand how an ash-cloud surge might have af-
fected the growth of the old trees marginal to the debris
fan sampled by Lawrence, in 1992 we collected and
examined cores from six old-growth Douglas fir along
the edge of forests that survived the 18 May 1980 surge,
15 km northeast of Mount St. Helens (Fig. 1). The up-
per crowns of sampled trees killed by heat (Fig. 3; see
also Lipman and Mullineaux 1981).
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Table 3. Field descriptions of trees Lawrence cored on or marginal
to the Goat Rocks dome debris fan during 1938-1940. Tree loca-
tions shown in Fig. 1 (except for 01)

Core

number Species® Specific geomorphic setting

Trees rooted on the Goat Rocks dome debris fan

38-01 PICO Near edge of debris fan

40-98 PICO Oldest PICO on finger of lowest part of de-
bris fan; core from 15 cm above soil surface

40-140 PSME 46-cm tree” “on east edge of kipuka at lower

end of Goat Rocks fan™; core from 46 cm
above soil surface

Trees in older forest marginal to the debris fan®

40-116 PSME 152-cm tree near west edge of old forest;
there were only young trees between this tree
and finger of the Goat Rocks fan

40-118 PSME 122-cm tree in tongue of old forest between

lowest fingers of the Goat Rocks fan

* PICO, Pinus contorta (lodgepole pine); PSME, Pseudotsuga
menziesii (Douglas fir)
" Tree sizes are diameters measured 1.4 m above ground
¢ Description of soil profile between trees 40-116 and 40-118:
6- 0 cm Litter and duff

0-13 “Newish™ fine ash
13-16 Decayed duff
16 + Ash and decaying pumice lapilli [layer T?]

To similarly document how abrasion and/or burial
by lahars might have affected Lawrence’s trees, in 1987
we cored 15 old-growth Douglas fir along the edges of
forests in the Pine Creek and Muddy River drainages
southeast of the volcano (Fig.1). The trunks and roots
of these trees were either abraded to varying extents or
passively buried (without apparent abrasion) by cool 18
May 1980 lahars (Fig. 3; see also Lipman and Mulli-
neaux 1981; Pierson 1985). In several cases, cored trees
were adjacent to others that died from lahar-induced in-
juries. Thus, abrasions experienced by sampled trees
probably include the most severe injuries that Douglas
fir can withstand. Since growth rings do not form on
portions of tree trunks that have been stripped of bark,
all cores were collected from the downstream bark-cov-
ered sides of trees.

Because Lawrence noted the 13-cm layer of fine ash
near the base of the Goat Rocks dome debris fan, in
1992 we also cored two old-growth Douglas fir that sur-
vived 11-12 cm of fine (sandy-silt textured) tephra depo-
sition from the 18 May and other 1980 eruptions on the
southeast flank of the volcano (Fig. 1; Lipman and Mul-
lineaux 1981). We sampled these trees to evaluate the
potential role of fine tephra fall in inducing growth
changes among the trees sampled by Lawrence near the
Goat Rocks dome debris fan.

To establish controls for all modern analogs (the
above master ring chronology for Mount St. Helens
ends in 1981), in 1992 we cored three old-growth
Douglas fir at a second control site 29 km southeast of
the volcano (Fig. 1). This area received only trace
amounts of 1980 tephra fall (Lipman and Mullineaux

1981). All modern analog cores were processed identi-
cally to Lawrence’s cores from old trees next to the de-
bris fan. Post-1980 control cores were processed identi-
cally to prior control cores.

Interpretation of Lawrence’s cores

The dates of formation of the innermost rings in Law-
rence’s cores from trees rooted on the Goat Rocks de-
bris fan range from 1855 to 1879 (Table 4). The two
trees Lawrence sampled adjacent to the fan margin con-
tain an abruptly starting series of anomalous narrow
rings (core 40-118) or narrow rings and one missing ring
(core 40-116). The ring anomalies in both trees start
with the 1843 ring and persist for ten to eleven years
(Fig. 4a, b).

Such sudden narrowing of rings records a time of tree
injury. The persistence of the narrow rings shows that
both trees were damaged severely enough for growth to
be suppressed for a decade. The missing ring in core 40-
116 is a symptom of physiological stress (Fritts 1976).
Core 40-116 also contains traumatic resin canals in its
1845 ring (Fig. 5). Such features commonly form in de-
veloping growth rings shortly after wounding (Kuroda
and Shimaji 1983). For example, they are also present in
the 1980 rings of seven of the 15 sampled trees that were
abraded by 18 May 1980 lahars.

No similar narrow-ring patterns or ring anomalies are
present in trees at the control site (Fig. 4¢) or in other
portions of the cores from trees marginal to the Goat
Rocks dome debris fan. The lack of such patterns in
control cores shows that climatic phenomena did not
cause the anomalous ring patterns. The lack of other
ring anomalies in trees marginal to the fan also shows
that the trees were injured only once, during late 1842 or
early 1843. These years fall within the 1800-1857 possi-
ble interval of dome extrusion and debris fan growth.

Interpretation of modern-analog cores

The ring-width responses of trees that survived scorch-
ing by the 18 May 1980 surge (Fig. 6a) are strikingly
similar to those in Lawrence’s cores. Post-1980 missing
rings are present in two of the trees.

In contrast, the rings of trees abraded or partially bu-
ried by lahars vary greatly (Fig. 6b, ¢). Among the
abraded trees, only one or two contain growth responses
similar to those of trees marginal to the Goat Rocks fan.
Remaining trees either show growth increases or lack
clear responses. Of the two passively buried trees, one
shows no response; the other shows a growth increase
due to the death of nearby trees and resulting decreased
competition for light and water. Generally, growth re-
sponses do not correlate well with apparent severities of
tree injury. They may relate better to proportions of
mortality among competing trees after lahar passage.

Trees impacted by 11-12 cm of fine 1980 tephra fall
lack apparent changes in growth rates (Fig. 6d). Thus, if
the fine tephra noted by Lawrence near the Goat Rocks
dome debris fan was deposited by tephra fall, it could
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Fig. 3. Potential modern analog trees. Left: Living Douglas fir
singed by 18 May 1980 surge cloud, 15 km northeast of Mount St.
Helens (tree S at right center, tree 6 at left center). Note killed
trees in toreground (July 1992 photograph). Top right: Douglas
fir abraded by 18 May Pine Creek lahar. Lahar viewpoint tree 1,

Table 4. Dates of formation ot innermost rings in cores from trees
rooted on the Goat Rocks dome debris fan

Core Inside-ring date

38-1 1855
40-98 1879"
40-140 1873"

“ Core closcly passes pith (center ring)
" Pith date

not have caused the narrow and missing rings in trees
there. Cores at the second control site confirm that post-
1980 narrow rings among trees singed by the 18 May
surge are anomalous (Fig. 6¢).

8 km southeast of pre-1980 summit. Shovel is 1 m tall. Botrom
right: Douglas fir partially buried by 18 May Pine Creek lahar.
Note sparse, sickly tree crown. Pine Creek tree 3, 6 km southeast
of pre-1980 summit (September-October 1987 photographs).
Ring-width responses of all trees shown in Fig. 6

Synthesis

The 1855-1879 innermost-ring dates of cores from (rees
rooted on the Goat Rocks dome debris fan contain onc
date (1855) older than the 1876 innermost-ring date re-
ported by Crandell (1987). These tree-ring dates thus
corroborate and revise Crandell's 1876 limiting date for
Goat Rocks dome extrusion.

[t seems likely that the new limiting tree-ring date
closely estimates the age of the Goat Rocks dome fan.
Because surviving lodgepole pine trees were nearby
(zone 4) to provide seed sources, the recolonization of
the margins of this surface by seedlings of this pioncer
species should have occurred rapidly. Similar settings
created at Mount St. Helens in 1980 are presently being
recolonized by abundant tree seedlings (Halpern and
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Fig. 4. A-C Ring widths in Douglas fir adjacent to the Goat
Rocks dome debris fan (A, B) compared with those in control
trees (C). Circles contrast 1842-1843 ring-width changes in debris-
tan trees with the lack of change in control trees. The 1844 missing
ring in A is plotted as a ring of zero width. Ordinal units in C are
dimensionless due to standardization procedures used to remove
age trend before averaging to determine the common growth pat-
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Fig. 5. Detail of core 40-116 showing traumatic resin canals (ar-
rows) in 1845 ring. Bark lies to right; normal 1842 ring at left is
0.65 mm wide; 1844 ring is missing

Harmon 1983; DK Yamaguchi, 1982-1992 field observa-
tions). Significantly, Lawrence’s oldest tree rooted on
the fan started growing about 18 years later than the
oldest tree he cored on a forested island on the nearby
“floating-island™ lava flow (Fig. 2; an innermost ring
date of 1837; Yamaguchi et al. 1990). Because sampled
debris-fan margins were closer to upwind (westerly) seed
sources (0 km as compared to 0.2-0.5 km for the lava-
flow island), they should have reforested more quickly

than the flow island. Thus the younger ages of trees on
the debris fan suggest that the Goat Rocks dome was
active at least two decades after the 1800 lava flow.

A probable specific date for some activity is provided
by the anomalous narrow rings that start with the 1843
ring in the old trees adjacent to the Goat Rocks dome
debris fan, and by the missing ring and subsequent trau-
matic resin canals in one of the trees. These sequences
show that a tree-injuring event occurred along the mar-
gins of the Goat Rocks fan about this time. Tree injury
occurred either late in 1842, after seasonal (May-Sep-
tember) ring formation for this year was complete, or
early in 1843, before much of this ring could have
formed. But what kind of disturbance was it?

Narrow or missing ring series in forest trees growing
near volcanoes can result from multiple causes includ-
ing: (1) nonvolcanic factors, e.g. adverse climate or de-
foliation by insects; (2) tephra fall; or (3) injury from
volcanic flowage deposits (surges or lahars). For trees
growing adjacent to the Goat Rocks dome debris fan,
nonvolcanic causes can be ruled out, because control
trees (Fig. 4c) as well as examinations of the ring pat-
terns of hundreds of other Douglas fir in forests near
Mount St. Helens during related studies (e.g. Yamagu-
chi 1993) show that the post-1842 narrow-ring patterns
are anomalous. The deposition of the 13-cm of fine ash
noted by Lawrence between the two old sampled trees, if
tephra-fall ash, also cannot have been the cause of in-
jury because trees that experienced similar tephra fall in
1980 lack unusually narrow rings. This finding is consis-
tent with prior studies of pre-1980 Mount St. Helens
tephra fall deposits (layers Wn, We, T, and set X) which
collectively show that heavy, coarse tephra fall (e.g.
>30 cm of lapilli with diameters > 16 mm) is necessary
to induce distinctive narrow-ring patterns in Douglas fir
(Yamaguchi 1985, 1993). The elimination of the above
possibilities leaves ash-cloud surges or lahars as the like-
ly causes. While Lawrence did not note lahar deposits in
his soil pit (Table 3; his 1938 report shows that he was
cognizant of them), nearby diverging lahar streams (Fig.
2) show that his pit was probably on higher ground that
escaped lahar emplacement.

We cannot state with certainty the cause of injury of
trees adjacent to the Goat Rocks dome debris fan be-
cause relevant field sites no longer exist. But the strong
similarity between the ring responses of trees scorched
by the 18 May surge and those in trees near the fan, and
the lack of similarity among most trees abraded or bu-
ried by 18 May lahars, suggest that the fan trees re-
corded a surge. The surge probably originated as a hot
rock avalanche from the dome. The 13-cm of fine ash
noted locally by Lawrence supports this interpretation,
for a surge could well have left this deposit.

Two additional lines of evidence make it seem unlike-
ly that abrasion by lahars could have induced the ring
anomalies in trees adjoining the Goat Rocks dome de-
bris fan. For the abrasion explanation to work, open
scars on tree trunks had to have healed during the cen-
tury that elapsed before Lawrence cored them so that
they were not visible to him. Moreover, Lawrence’s
cores had to have missed intersecting closed scars pre-
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Fig. 6. A-E Ring widths in representative Douglas fir surviving 18
May 1980 volcanic disturbances. Circles contrast 1979 (pre-erup-
tion) and 1980 (post-eruption) rings. A Trees singed by surge
cloud. B Trees abraded by Pine Creek and Muddy River lahars.
Percentages show amounts of tree circumferences abraded; “Ana-

served internally, as circumferentially incomplete rings,
in both trees. The scars would otherwise be present in
his cores (e.g Means 1989).

Conceivably, the roots of the trees near the debris fan
could also have been scorched by a hot lahar. Modern
analogs of this possibility, however, did not occur at
Mount St. Helens in 1980. Such tree-ring records are
thus not available for comparison.

log?” denotes ring responses similar to those in trees near the Goat
Rocks dome debris fan. C Trees partially buried by Pine Creek
lahar. D Trees impacted by 11-12 ¢cm of fine tephra fall from the
18 May and other 1980 eruptions. E Control ring-width series

Significance

The tree-ring evidence presented above confirms the
youth of activity of the dome previously evident from
photographic and historical records (Fig. 2 and Table
2), and from prior stratigraphic and tree-ring studies
(Table 1). The ring patterns of the trees surviving em-
placement of the Goat Rocks dome debris fan provide
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the first field evidence that the dome was active in late
1842 or early 1843. These data therefore link historical
accounts of mid nineteenth century volcanism at Mount
St. Helens with the Goat Rocks dome. Conceivably, the
dome might have originated in the 1830s or even earlier.
The simplest interpretation of the 1835 historical ac-
counts (Table 1) is that they record initial dome extru-
sion. Hot avalanches or lahars either did not accompany
1835 dome growth, or were small flows that didn’t reach
tree-sampling sites. Alternatively, 1835 flowage deposits
may have gone down other paths, or were overridden in
1842-1843.

The 1842-1843 dating of Goat Rocks dome activity
supports and revises the dacite-andesite-dacite petro-
logic cycle interpretation of Mount St. Helens’ Goat
Rocks period proposed by Pallister et al. (1992; see
Hopson and Melson 1990, for an alternative interpreta-
tion). First, it constrains that cycle (Table 1) to no more
than 43 years. The date’s recency additionally strength-
ens Crandell’s (1987) inference that the 1800 dacitic T
tephra was erupted from a different vent than the one
that gave rise to the Goat Rocks dome. Our interpreta-
tion is that the T tephra vent became plugged by the an-
desitic magma that produced the 1800 “floating-island”
lava flow. This forced residual dacitic magma in the
compositionally zoned magma chamber (Pallister et al.
1992) into an alternate conduit. The second conduit pro-
duced the unnamed 1842 lithic tephra and the Goat
Rocks dome. This scenario is consistent with the lack of
continuity of the lava flow with the dome (Fig. 2).
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