


GEOLOGIC HISTORY OF MOUNT HOOD VOLCANO,
OREGON--A FIELD-TRIP GUIDEBOOK

by
W.E. Scott, C.A. Gardner, R.I. Tilling, and M A, Lanphere

This field trip provides the participants of the State of the Arc Conference (SOTA,
Timberline Lodge, 16-20 August 2003) with a broad understanding of the evolution of Mount
Hood volcano — mostly from a field context - from stops at several viewpoints and at outcrops
that sample the range of eruptive products and other deposits around the volcano. Our current
efforts are focused on preparing a 1:24 000-scale geologic map of the volcano, obtaining
chemical analyses and petrographic descriptions of eruptive products, and developing a detailed
geologic history of the volcano through radiocarbon and K/Ar dating and secular-variation
paleomagnetic studies.

The trip begins with a hike from Timberline Lodge to an overlook above the upper White
River valley. The trip continues by vehicle on U.S. 26 and Oregon 35 around the south and east
flanks of the volcano, into the Upper Hood River Valley, and up to Cloud Cap Inn on the north
flank. Most of the stops are on public land, but Stop 6 is on private land.

OVERVIEW OF MOUNT HOOD VOLCANO

Mount Hood is a chiefly andesitic volcano of Quaternary age built by a succession of lava-
flow and lava-dome eruptions (Wise, 1968, 1969, Crandell, 1980; Scott and others, 1997). Its
volume of about 50 km" (Sherrod and Smith, 1990) is mid-sized among the major Cascade
volcanic centers. The apparent lack of widespread pumiceous tephra deposits suggests that the
volcano has not produced explosive plinian eruptions. From the perspective of its recent
behavior, the greatest hazards posed by Mount Hood include (1) collupse of growing unstable
lava domes and generation of pyroclastic flows, which in turn melt snow and ice to form lahars
that flow far down valley; (2) the long-term adjustment of river channels to the large quantities of
volcanogenic sediment dumped into valleys that head on the volcano; and (3) landslides of
hydrotitermally altered material from the steep upper slopes of the volcano that spawn debris
avalanches and related lahars that sweep far down valley. The debris-avalanche and lzhar
hazards nced not necessarily be associated with eruptive activity, but the triggering of the largest
volume and farthest-traveled events is likely heightened during periods of unrest as magma
intrudes and deforms the volcano, accompanied by earthquakes and phreatic and magmatic
explosions.

The Mount Hood edifice occupies a long-lived focus of andesitic volcanism that, on the basis
of K-Ar geochronolegy, has been recurrently active for the past 1.5 m.y. {fig. 1). Much of the
upper cone of Mount Hood is composed of lavas younger than 200 ka. With additional
geochronological data we should be able to make a well-constrained estimate of Mount Hood’s
eruption rate throughout Quaternary time. The following discussion and tigures summniarize our
current understanding of the stratigraphy and chronology of Mount Hood products. Many of our
interpretations should be regarded as preliminary because some map units remain undated and
stratigraphic relations in many locations need further resolution.
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Rock and deposit terminology

Nomenclature of volcanic rocks follows Le Bas and Streckeisen (1991), Boundaries are in
weight percent silica: basalt <52 percent; basaltic andesite, 52 to <57 percent; andesite, 57 to <63
percent. Mount Hood lava has silica values as high as 64 percent, but for simplicity we will refer to
these rocks also as andesite, not dacite. K/Ar ages are reported with one-sigma error.

Dome rocks are more vesicular than most lava flows. Pyroclastic-flow deposits at Mount Hood
typically consist of slightly to moderately vesicular clasts, which likely originate by gravitational
collapse or explosive disruption of still-hot lava domes. Pyroclastic-flow deposits of this type have
also been called block-and-ash-flow and lithic-pyroclastic-flow deposits. Pumice is rare at Mount
Hood, and what little there is was deposited as fallout tephra. Lahar, or volcanic debris flow, debris
avalanche, and glacial processes also produce deposits of massive, nonsorted sediment. Table 1
summarizes the characteristics by which we distinguish among them. We use the non-genetic term,
diamict, to refer to such deposits of unknown origin or to sequences that include a variety of deposits.

Table 1. Characteristics used to distinguish diamicts of various origins at Mount Hood;
most useful are in bold.

Feature Debris Lahar Till Pyroclastic flow
avalanche
Surface hummocky, closed  {lat or gently steep-sided to flat; veneer
morphology depressions crowned; veneer rounded ridges;
hummocky
Lithology monoe-and mono- and chiefly heterolithic monolithic¢
heterolithic heterolithic

Clast morphology
and features

Wood fragments
Matrix

Pink-top to
deposits

Thermoremanent
magnetization

Fluid-escape
pipes

mosily angular

uncharred
contains clay; clasts
often hydrothecrmally

altered
no

no

1O

angular and
subrounded

uncharred and
charred

clayey (cohesive) to
sandy (noncohesive)

rare
generally no, but can
if hot

rare

angular to sub-
rounded; faceted
and striated clasts;
pentagonal shapes
common

none found; shouid
be uncharred

silty and locally
compacted

no

no

no

anguiar to sub-
rounded; prisuiatic-
jointing common

charred

sandy

SOMCe

ves

some
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along the east side of White River across from Stop 3. A lava-flow sequence exposed in the bottom
of upper Zigzag Canyon west of Timberline Lodge that forms the north wall of lower Zigzag Canyon
is about 225 ka in age (individual ages range from 213 to 235 ka).

One of the few olivine-bearing andesites erupted from Mount Hood is exposed deep in Coe
Branch and Compass Creek valleys on the north flank. Wise (1968, 1969) thought it to be perhaps
one of the oldest lavas on the volcano, but, although it 1s deeply buried, its age of 225 +17 ka makes it
middle aged. The thick overlying sequence of lavas has an age of 86+10 ka (fig. 5).

Three dated mafic lava flows of this time period lie in the area of Figure 4. One is the basaltic
andesite of Yocum Falls (175 = 12 ka), which is exposed beneath diamicts of Polallie age in roadcuts
along U.S. 26 west of Government Camp. Its vent, which hasn’t been located, must be on the north
side of Tom Dick and Harry Mountain near Mirror Lake. Another unit is along the West Fork of






A glacially eroded scoria cone, The Pinnacle, and its basaltic andesite lava flows were emplaced
on the north flank about 128 ka (see discussion at Stop 4). A stnular age of 15020 ka was reported
by Keith and others (1985) {age recalculated as 140220 ka in Sherrod and Scott, 1995). Since The
Pinnacle, the only other mafic eruptions that occurred in the Mount Hood region were the 7.7-ka
basaltic andesite of Parkdale (Stop 6), eruptions of barely andesite from a vent in lower Zigzag
Canyon at 51 = 14 ka, and, possibly, Lost Lake Butte, a small shieid volcano whose lava apron edges
into the northwest corner of the map area.

Lava domes since 30 ka

Most volcanic activity since the ~30-to-50-ka eruptions that emplaced extensive lava flows in
several sectors has consisted of the growth and collapse of lava domes---which fed numerous
pyroclastic Hlows —and the eruption of stubby lava flows on the sumnut and upper flanks (Table 2;
figs. 1, 5). However, because generation of pyroclastic flows and lahars related to dome growth are
potentially the most hazardous types of activity, two fundamental questions we would like to answer
at Mount Hood are: (1) were lava-dome processes unimportant in the earlier history of the volcano
and (2) if so, then what caused the change to an eruptive pattern dominated by dome processes?

Substantial fans and fifls of volcanic diamicts (primarily deposits of pyroclastic flows and lahars)
occur on all flanks of Mount Hood. The late Holocene deposits of the Timberline eruptive period
form the extensive fan near Timberline Lodge that gives the southwest flank its distinctive
morphology (Stops 1 and 2). These deposits are related to dome extrusion at or near the site of
Crater Rock, the youngest dome on the volcano. Scveral fan remnants of older eruptive periods are
preserved downslope of thick, near-summiit lava masses that we interpret as lava domes. The lava
mass above Eliot Glacier on the northeast flank (Stops 5 and 7) and Steel Cliff (Stops 1, 2, and 3) on
the southeast flank are the most striking examples of these domes. Both date from the Polallie
eruptive period, whose eruptions accompanied and rmmediately postdated the tast major Pleistocenc
glaciation in the region, which we call the Evans Creek advance. The Evans Creek is not dated
locally, but it probably culminated about 20 to 25 ka (Porter and others, 1983). Other deposits of
Polallic age on the north, west, and southwest flanks (fig. 1) cannot be tied closely to conspicuous
near-summit lava domes, although much of the variably hydrothermally altered summit mass {unit hs
in fig. 1) 1s probably composed of lava domes, many of which could be sources for these diamicts.



Table 2. Nortable geologic events since 50 ka near Mount Hood,; Hood eruprions in boldface.

Date or age

Event

Deposits

AD. 1859, 1865, 19077

late 19th century

late 18th century

about 500 yr ago
1 ka

Minor explosive eruptions

Late ncoglacial advance

Old Maid eruptive period

Debris flows in Zagzag River

Debns flows i upper Sandy River

Scattered pumice?

Promincent, sharp-crested moraines

Lava dome, pyroctastic-flow and
lahar deposits, tephra

Debris-flow deposits

Debris-flow deposits

1.5ka Timberline eruptive period L.ava dome, pyroclastic-flow and
lahar deposits, tephra
7.7ka Eruptions from vent near Basaltic andesite of Parkdale lava
Parkdale; also Mazama ashfall flow: about 5 to 10 ¢cm Mazama ash
11 to 20 ka Waning phases of Evans Creek Moraines
glactation
13to 20 ka Polallie eruptive period Lava domes, pyroclastic-flow and
lahar deposits, tephra
20-25 ka Maximum of Evans Creek Belts of moraines in most valleys
glaciation
20-30 ka Dome eruptions Lava domes, pyroclastic-low and

lahar deposits

Andesite lava flows of Cathedral
Ridge, Barrett Spur, Snow Dome-
Langille Crags, and Tamanawas
Falls

30(M to 50(7) ka Hood lava-flow eruptions

A thick sequence of probably pre-Polallie diamicts are preserved as fill remnants along the
Muddy IFork of the Sandy River and {form a large ndge on the lower northwest flank between Elk and
McGee Creeks (fig 1, unit hem). The deposits in Muddy Fork lie about 350 m above the present
channel. Crandell (1980) surmised that the fill was deposited in a valley that was partly eccupied by
a glacier, and that the entire canyon was never totally tilled with diamicts. But the part of the fill that
extends down McGee Creek clearly was deposited m a broad valley cut in Tertiary rocks,
Subsequently, moraines of Evans Creek age were deposited within the new valley cut along the
contact between the diamicts and the Tertiary and Hood-related Quaternary lavas that make up the
east valley wall. Thus, the Ml in both valleys may have been deposited in nearly 1ce-free conditions.
If so. much of a once thick and extensive fill has been eroded from the Muddy Fork valley. Such
poor preservation of diamicts suggests that similar deposits were formed repeatedly in Mount Hood's
past but were largely eroded and therefore are poorly represented in the geologic record. If future
eruplions were to send lava flows down the Muddy Fork and fill it to a depth of several hundred
meters, subsequent incision would hikely occur along the valley margins where the new flows were in
contact with the old valiey wall formed in diamicts., The diamicts would doubtless be eroded
preferentiaily as canyon cutting progressed and would likely not be preserved. We have found a few
localities where diamicts are preserved below lava flows that now torm ridges, but such relations are
uncommon. Perhaps lava-dome processes were active in the past, but the evidence of such events has
a low probability of preservation, whereas intracanyon lava-flow sequences tend to be well preserved
as major ridges on the lower flanks.

1)



Historical Record

Native American legends abound with descriptions of the brothers Wy'east (Hood) and Pahto
{Adams) battling lor the fair La-wa-la-clough {St. Helens). Behaviors attributed to Wy'cast (as
paraphrased from Harris' (1988} summary of Native American lore) include hurtling ot hot rocks
from gaping holes, sending lorth streams of liquid fire, loss of formerly high summits, and choking of
valleys with rocks. These are apt descriptions of Mount Hood's reconstructed aclivity over the past
two millennia.

The most recent eruptive period at Mount Hood, the Old Matd eruptive period (Table 2}, occurred
at about the time that U.S. and European parties were exploring the Pacific Northwest coast in the late
18th century. The first of them to describe the mountain was British Naval Lieutenant W.E.
Broughton, the leader of a party sent up the Columbia River in October 1792 frem Captain George
Vancouver's expedition to bolster British claims to the northwest. He named the mountain for A.A.
Hood, a famous British Naval officer. Broughton reached as far upstream as the mouth of the Sandy
River and noted a shaliow bar extending across the Columbia, but his log reveals nothing about
possible eruptive activity. Lewis and Clark later visited the mouth of the Sandy River in November
1805 and April 1806, noted its similarity to the braided Platte River of the High Plains, and named 1t
the Quicksand River. Their description is unlike the preseni gravel-bed river and suggests that the
river was responding to an excessive sediment but transient load imposed by volcaniclastic deposits
emplaced during Old Maid eruptions. They also described a large bar between two distributary
channels that forced the Columbia into a namrow channel against the north side of the valley.

Early settlers reported eruptive activity in 1859 and 1865 (summarized in Harris, 1988).
Witnesses refer to fire, smoke, flying rocks, and voluminous stezming, which may well describe
madest expiosive eruptions from the still-hot conduit and dome (Crater Rock), which was active
decades carlier during the Old Maid eruptive period, Crandell (1980) thought that a scattering of
pumice on the south and cast flanks may have been produced by the 1839 or 1865 event. We have
found no mappable deposits that can be tied uncquivocally to either of these [9th century events.

In 1907, a U.S. Geological Survey topographer described dense steanung around Crater Rock
accompanied by mighttime glow. Mild fumaroclic activity has continued throughout this century,
mostiy in areas around Crater Rock.

Earthquakes oceur sporadically at Mount Hood, typically as short-lived (days) swarms of smatl
cvents (< magnitude 3.5) that locate chietly on the south {lank and below the sunumit at depths of less
than 11 km (fig. 6). One to several swarms per ycar have been recorded since the seismic system was
upgraded in 1980.

A typical swarm consists of tens of events including a few of magnitude 2 to 3. Some swarms
consist of main shock-attershock sequences; in others the targest event occurs within the swarm. The
largest event since 1980 was a M4.5 event on June 29, 2002, which was accompanied by more than
100 smaller earthquakes. Recent work using relocation techmques (Jones and Malone, 20024 and b)
show that events occur in four distinct clusters: 1) a small cluster just south of the summit, 2) a tight
cluster 9 km south-southwest of the summuit, 3} a N-S linear feature about 3 km south of the summit
and 4) a linear NW-SE feature a few kilometers farther south of 3. Events show a distinet imcregse 1o
depth with increasing distance from the summit. Mechanisms, relative locations, and swarm
characteristics indicate that the earthquakes are more likely refated to volcanic processces than regional
tectonic stresses.
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FIELD GUIDE

The field trip starts from Timberline Lodge. We will walk to the first two stops and then get into
vehicles for the rest of the field trip. The road-log portion of the field trip stars trom the Timberline
parking lot, just opposite the entrance to the day lodge.

Walk north from Timberline Lodge to the Timberline Trail and head east. The first stream
crossing is one of the tributaries of the headwaters of the Salmon River. Stop 1 is bout 100 m north
of the strcam crossing.

Stop 1. Mount Hood andesite lava flow underlying latest Quaternary deposits of
pyroclastic flows and lahars

| Wi
! _ st

&
1

N -
Figure 7. Headwaters of Salmon River and upper south flank o) Mow ~ Hood showing comtact berween 145 ka
+ &8 lava flow and younger diamicts of Polallie age, hpe, and Timberline age, hie. psf, Palmer snowfield; wrg,
White River Glacier.

The Salmon River, which heads as 2 meltwater stream {rom Palmier snowfield, has cut this
shallow canyon through the south-flank voleaniclastic fan of latest Quaternary age 1o expose an



underlying lava flow at altitude 1850 m (6100 ft) (fig 7). This is the highest exposure of a fava flow
on the fan, which extends upslope to the base of Crater Rack at about 3050 m (10,000 ft). Crater
Rock (63.4 wt. 96 S10,) is the youngest lava dome on the volcano and was the vent for the last major
eruption of Mount Hood (Old Maid eruptive period), which occurred about 200 yr ago. It may also
be the vent site for eruptions during the Timberline eruptive period about 1,500 yr ago. Crater Rock:
lies in the breached summit crater, which was formied by a debris avalanche, probably at the
beginning of the Timberline eruptive pertod.

Most of the fan surface west of here, as weli as the terrace along the east side of Saimon River
downstream, is underlain by reddish-gray, coarse-grained diamicts of the ~1500-yr-old Timberline
eruptive period (hte). The highly crystalline, dense prismatically jointed to inflated reddish-brown
and gray clasts are typical of those derived from collapse of a growing lava dome. Evidence that the:
dome may have grown in the same area as Crater Rock is shown by paleomagnetic data for the dome
lava at the southern base of Crater Rock that has the same secular-variation paleomagnetic direction
as block-and-ash flow deposits of Timberline age (fig. 8). Dome collapses generated block-and-ash.
pyroclastic flows that melted snow and ice te form lahars that traveled down the Sandy and Salmon
rivers to the Columbia. In proximal areas, deposits of pyroclastic flows and lahars are so sinular thatt
it is often difficult to 1dentify the origin of a given diamict with conlidence (Table 1). In this area.
deposits of the Old Maid eruptive period consist only of discontinuous, thin gray sands and fine
gravel. The great bulk of Old Maid deposits (hoe) are found in the White River valley to the cast and
the upper Sandy River valley to the west {fig. !},

N Figure 8. Paleomagnetic directions for
: — pyroclastic-flow deposits and lava dome:
Old Maid . g .
O . a\‘ rom Qld Maid (~200 yr B.P.), Timberlin
Q Timberiine )
A Crater Bock i~1,500 yr B.P), and Polallie (15-30 ka)
® Polalie eruptive periods. Mean direction for Ola

Maid is D=18.5° 1=70° down; for
Timberline, D=5° and I-62° down.

15-30 ka

Gray diamicts of the latest Pleistocene Polallie eruptive peried (hpe) capped by a yellowish-
brown soil crop out locally downstream from the lava flow and below diamicts of Timberline age.
Such deposits, which are of similar origin to those of Timberline age, also form the rolling surface
upstream to the east of Salmon River. The disconformity on deposits of Polallie age marked by the
yellewish-brown soil has tens of meters of relief 1n this area. Deposits of Timberline age filled
canyons cut in Polallie deposits, and erosion over the past 1500 years has recut canyons down to the
resistant lava flow. A series of lalls downstream cut through the flow and head a much deeper
Salmon River canyon in which deposits of Timberline age form a terrace about 60 m above the
canyon tloor.

Steel CLiff (62,2 wt. % Si0,}, the steep face on the southeast crater rimn, is a lava dome of Polalite
age that will be discussed further at Stop 2. A fan of diamicts can be seen below and east of the
dome.

illumination Rock (62.6 wt. % S$i10;), the prominent tower below and west of the sumumit, is part
of a sequence of lava flows that 1s similar in age (144 = 11 ka) to the lava flow here. The Hlumination
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sequence cxtends west into the upper Sandy River valley and probably forms part of the western
crater wall.

The lava flow (K-Ar age of 145 + 8 ka) 15 one of a sequence of flows of similar age and
composition that we will sce exposed intermittently as we drive southward to U.S. 26 and eastward
on U.S. 26 toward Oregon Highway 35, The lava 1s a typical Mount Hood andesite. Lava tlows and
clastic deposits from Mount Hood span from 57 to 64 wt.% S$i10, (fig. 9); this flow has 60.0 wt. %. It
contains 44.5% crystals (phenocrysts and microphenocrysts), composed dominantly of plagioclase
with lesser amounts of orthopyroxene and minor clinopyroxene. As in most lava {from Mount Hood,
this flow contains some, mostly rounded, inclusions. We do not have a chemical analysis for
inclusions (rom this site, but we have analyses on an inclusion from a hikeiy distal equivalent of this
lava flow that crops out on the Timberline Road. At that site, the lava flow contains 60.1 wt, % Si0O,,
and the inclusion, 54.8 wt. % 510,. Although olivine is present in most basaltic andesite lava flows
{<56 wt. % Si0,) in the Mount Hood area, olivine is not present in the basaltic andesite inclusions,
even those with silica contents <56 wt, % Si0,.

Andesite lava flows and clastic deposits from Mount Hooed show a relatively narrow range of
chemical composition, mineralogy, and isotopic values (figs. 9, 103, Lavas and ciastic deposits arc
typically phenocryst rich (most between 35 and 45 percent), with the mineralogy dominated by
plagioclase with subordinate amounts of hypersthene and iron-titanium oxides + augite, +
homblende, + olivine. There has been a general trend to slightly more silicic compositions during the
last two eruptive periods (figs. 9,11}, but otherwise it is difficult to discern any mineralogical or
compositicnal trend over its entire eruptive history. TS/ values for Hood rocks younger than 150
ka range from 0.70328 to 0.70336 and "*Nd/'**Nd from 0.51288 to 0.51293 (J. Arth, oral commun.
1994; fig. 10). The high Nd and low Sr1solopic values suggest little contamination of Hood magmas
by more evolved crustal sources.

0.7045
RRx X . o ETa S oy
A xx R R T Figure 10, Plot showing “ Se/""Sr versus Si(), for
0.7040 X raa = rocks from Lassen, Crater Lake, Jefferson and Mount
° w x| : Hood volcanoes, Figured modified from Conrey
—_ e} N -
7 o o& (ga@‘r 31%92 e D‘g L 0:?))’?0 'gg% (1991). Mount Hood data from J. Arth, USGS,
= 0.7035 P + X R oo § 1X o (unpublished data).
—_ . T
& v A o
= s
0.7030 +
+
0.7025

45 50 b5 60 g5 70 75
S102 (wi 9y

x Lassen O Craler Lake + Jefferson & M. Hood

From trace-clement data, White (1980} deduced that the Polalbie, Timberline, and Old Maid
deposits are unrelated o one another through simple crystal fractionation processcs, a conclusion
supported by our data. Basically, incompalible element values are higher in the slightly lower-silica
Polallie deposits than the higher-silica Timberline and Old Mad deposits (fig. 11} Major-, trace-,
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and rare-carth-element, mineralogic, and isotopic data all point to a common origin and petrologic
evolution of the Hood andesites, but it is unclear {Tom available data if any one sequence is directly
related to any other. A fundamental and presently unanswered question 1s how to produce such
geochemically similar lavas of differing eruptive volumes and repose periods throughout the (at least)
0.5-n1y. life of the volcano. We will discuss further about the relationship of lavas during Stop 4
where we will examine basaltic andesites from the flanks of Mount Hood.

2.00 - - e e

| Figure 11. K0 vs 5i0, silica-

1.80 - e o variation diagram for pyroclastic
racks from Mowni Hood. hoc, Old
Muaid (~200 yr B.P.); htc, Timberline
(~1.500 vr B.P.),; hpe, Polallie (15-30
ka); hco, older pyroclastic rocks.
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Return to stream crossing and continue east along Timberline Trall towards the White River
valley. The hike from Stop 1 to Stop 2 climbs through reddish diamicts of Timberline age onto the
tan surface. Ahead the contact with deposits of Polallic age is marked by a change to grayer diamicts
in which a yellowish-brown soil 1s formed and to more rolling terrain. The trail reaches the rim of the
White River canyon and turns south. Continuc on the trail through meadows and ¢lumps of mountain
hemlock and whitebark pine. About 300 m after reaching the nim {(about 1700 m (56007)) the trail
descends through toose sand. Leave the trani and walk east to the canyon rim,

Stop 2: Overview of the upper White River valley and Holocene ash-cloud deposits

The two western forks of White River are deeply incised in unconsolidated diamicts (fig. 12}
The forks head at White River Glacier, a steep narrow glacier that is fed by snowdrift from the broad
fan surface west of the glacier. The glacier 1s well known tor sudden outbursts of meltwater that
incorporate loose debris along channels to form debris flows, Stop 3 will show the effects of such
debris flows. White River Glacier is eroding a trench along the cast margin of the south-flank fan
leading up to Crater Rock, which insures that White River will be one of the principal pathways for
pyroclastic flows if lava extrusion begins anew in the Crater Rock area.
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Figure 12. Upper White
River valley showing
contact relations behween
: -y L +-8 1 40 n lava flows and pyroclastic-

: / v, - flow units, il Hood lava

' fow, hpe, Polallie diamicts

S (~45 - 30 ka), hoc, Old
' Maid diarects (~200 yr
y . . B.P); gin, neoglacial
o et T : deposits, wrg, White River
- ) Glacier: psf, Palmer
snowfield.

o

An andesite lava flow exposed in the informally named wes! fork of White River is probably of
the same sequence, if not the same flow, as the 145-ka lava flow at Stop 1.

The lava flow is deeply buried by gray diamicts of Polallie age (hpc), which are well cxposed in
the cliff below and in terraces farther downstream. The diamicts occur in beds | to 3 m thick, are
bouldery, poorly sorted, locally graded, and appear to have accumulated relatively rapudiy as there s
no sign of weathering or crosional disconformities between flow unit  Prismatically jointed clasts
occur in many beds. Diamicts of Timberline age cap the Polallie « uence upstream from the lava-
flow exposure,

The wall of a paleovalley that was cut in Polallie deposits is visible below us where a soil that
contains rooted snags is buried by diamicts (hoc) of the Old Maid eruptive period. The lack of
charring of the snags is evidence that the inutial diamucts that buried the paleovalley were not hot
enough to burn vegetation, The snags yield radiocarbon ages of about 200 yr; detailed
dendrochronclogy of trecs killed or damaged duning the Old Maid suggests that eruptions occurred
during the last few decades of the 18™ century (Pringle and others, 2002). The Old Maid deposits in
the upper White River valley form two broad surfaces, the terrace in front of us that lies between the
west and middle forks of White River and the surface cast of the middle tork that terminates at a high
ridge formed of deposits of Polallie age. A [ar- traveled block-and-ash pyroclastic flow of Old Maid
age in the lower White River valley is the subject of Stop 3.

Diamiets of Timberline age have not been found in the upper White River valley. They occur on
the west rim of the upper canyon, but are not found n the reach below us. Lahar, lahar-runout, and
alluvium found 20 km downstrcam record some sort of disturbance of the watershed during
Timberline time, but no proximal deposits are exposed. It is possible that a now-eroded low divide of
Polallie diamicts protected the White River from most of the Timberline pyroclastic flows and lahars.
Headward erosion of White River between Timberline and Old Maid eruptive periods breached the
divide and exposed the canyon to flows of Old Maid age.



Figure 13, Vien
Iooking down the White
Rico dlley from owess
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600 ), showing
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hoc, Old Maid diamics
(=200 yr B.P.).
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The view of the crater and summit arca (fig. 12) is much like that from Stop 1, but here we have o
better perspective of the fan surface of Polallie diamicts that was derived from growth and collapse of
the Steel Cliff lava dome. A lava bleck (tom the fan depesits yielded a K-Arage of 16 £ 8 ka. The
deposits that form the high surface on the skyline along the east fork of White River have a patchy
distribution that, aleng with other evidence, suggests they were emplaced al a time of considerable
glacler cover during the last ice age (locally called the Evans ¢ reek advance). Other deposits
assigned to the broadly defined Polallie cruptive period were lurmed toward the end or immicdiately
following the Evans Creek advance. Deposits we map as Polallie probabiy range irom as old as 30 ku
to as young as about [5 ka.

Other lava flows visible in the upper White River occur below or within the Polallic diamicts.
The flow (hl) east of the ternunus of White River Glacier (77 + 8 ka: 60.2 wi.% 5i0.} has a well-
preserved carapace of pinkish breccia. [t apparently wus encased in diamicts and spared erosion by
late Pieistocene glaciers. A lava flow poorly exposed around snowfields above the 77-ka flow 15
correlative with the Texas lava flow (60,0 wt. % S10,; 25 = | 3 ka) that is well exposed over the far
ridge and is probably interbedded in the Polallie diamicts. Downstream trom Stop 2 {fig. 13},
andesite lava flows that form the prominent ridge east and north of White River have ages (140 = | |
ka and 163 + {4 ka) similar to those of lava flows on the south and west flanks mentioned at Stop 1.
Figure 5 shows the broad area of the tlanks of Mount Hood tormed of lava flows 120 to 150 ka.

We have been walking over medium to coarse sand dernived from eolian reworking of the matrix
from the diamicts exposed in the Wlute River canyon. Also exposed at the surface are ine-sand-and-
silt-rich ash-cloud deposits. These deposits dominate the record of tephra falls around Mount Hood.
Unlike Mount Si. Helens, pumiceous fall deposits are few and Mount Hood has apparently never
produced a voluminous pumiceous eruption. The fine-gramed tephra-tall deposits originate as fallout
tfrom the billowing ash clouds that are clutnated from moving block-and-ash pyroclastic flows
generated by lava-dome collapse. Some compenent probably also represents vent ejecta.
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3 b 3. Figwe 14 Ash-clowd deposivs in peat cxposed o F

ash Meadows on the southeasi flank of Mownt Hood. A 2
b om thick peat laver separates the gray basal
g imbycline ash from the wpper pink Timberline ash.
tndicanng a kin acriviey during the Timberline
ruptive pe od. Numbery on the left are radiocarbon
uges from peat
1740+/-70 yr
1660+/-70 yr Timberline
ash

1600+/-75 yr

The ash-cloud deposits exposed by extensive wind erosion of this surface are of Timberline age.
Where not disrupted by root casts and burrows they consist of a basal unit composed of thin gray beds
{many normally graded) that are slightly coarser grained than an upper pinkish-gray umi. Owing 1o
crosion, the original thickness 1s diftficult to estimute but 1y probably about Im. The miost likely
source of these deposits is ash clouds of pyroctastic flows sweeping over the south-liank tan to the
west, generally upwind, of here.

Figure 14 shows a well-preserved sequence of Holocene ash-cloud deposits in Elk Meadows,
about 7 km ENE of here. The deposits of Timberline age include a 17-cin-thick basal eray unit
separated from a 33-cm-thick upper pink unit by about 2 ecm of peat. The peat rep..  nts a pause of
some duration to allow meadow vegetation to become established.

Radiocarbon ages can’t provide much precision, but secular-variation paleomagnetic data O
that the entire sequence was deposited 1n less than 100 yrs because the paleomagnetic directions ar
indistinguishable (D=0°, [=61.2% and D=3.4°, [=62.6"). A 73-cm thick layer of peat separates the
Timberline ash from a 7-cm-thick bed of gray ash of Old Maid age (~200 yr}, which in turn is
overlain by about 15 cm of younger peat. Average rate - of peat formation estimated from the
thickness of peat between dated horizons (about 0.5 mun/yr) suggest that the 2-cm peat within the
Timberline sequence formed n about four decades. Actual time was probably less owing 1o the
higher inorganic sediment concentration in the interbed compared with that in the peat above and
below.

Return to the parking lot via the Timberline Trail {about 30 minutes).

The road log portion will start at Timberline parking lot, across from the entrance to the day
lodge. Cumulative mileage is listed at left and interval nuleages are given in boldface at the end of
each entry,
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ROAD LOG

Mileage

0.0 Leave Timberline parking lot and head south to U.S. 26. 0.5

0.5 Andesite lava flow, likely correlative to that of Stop I, overlain by diamict of Polallic age,
0.6

1.1 Diamict ol Polallie age on west side of road. 0.3

1.4 Diamict of Timberline age that spilled down a narrow gully formed this small fan on the east

side of the road. 0.8

2.2 Andesite lava flow, likely correlative to that of stop I, with view of Mount Jefferson (o the
south. 0.0

2.8 Andesite lava flow, likely correlative to that of stop 1, overlain by Polatlic diamict, west side
of road. 0.4

3.2 Polallie diamict on west side of road 1.3

4.5 Watertfall over andesite lava likely correlative to that at mile 5.9 (optional stop). 0.7

5.2 Junction with U.S. 26. Turn left. 0.7

5.9 Mount Hood lava flow. Optional stop, 1.1
Optional Stop. Mount Hood lava flow and inclusions

The Highway 26 lava flow 1s a typicaily middle-of-the-pack andesite flow (611 % S10-) {rom
Mount Hood that contains abundant inclusions. The mineral assemblage of this flow is dominated by
plagioclase and hypersthene with minor amounts of augite; total crystal content 15 about 34 pereent.
A paleomagnetic direction from this flow 15 distinct from that of lavas along the Timberline Road in
accord a K-Ar age of 121 + |3 ka. The lava flow, focally everlain by till of the Evans Creek advance.
is one of a sequence that can be traced up to Stop 1, above which they are bunied by diamicts of
Polaliic and Timberline age. Like many lavas from Mount Hood, this {low contains abundant, mostly
rounded inclusions. Two types are seen here: a common fne-grained type (56.9 wt. % Si10,) with a
minerat assemblage similar to the host rock (plagioclase=>orthopyroxene and minor clinopyroxeng)
and a coarse-grained type (56.1 wt. % Si0,) that is dominated by plagioclase with lesser amounts of
orthopyroxene and likely former phenocrysts of hornblende that have been completely replaced by
iron-titanium oxides. Most inclusions have lower silica contents than their hosts and more closely
resemble basaltic andesites in chemical composition. Nonetheless, mineraiogically the inclusions are
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more similar o their andesitic hosts in that they lack olivine, a common mineral phase of basaltic
andesites. 1.1

7.0 Junction with State Highway 35, Bear right onto OR 35, Highway is built on fan of diamicts
of Timberline age that descended Salmon River canyon from Stop 1. 1.4

8.4 Pre-Hood lava flow of Tertiary age on north side of road. 0.4

8.8 Polallic-aged diamicts on both sides of road. 0.5

93 Pre-Hood andesite, north side of road, slightly pyritized, probably 4 to 5 Ma. 1.2

10.5  View of Mount Hood and upper White River valley. 0.7

11.2  Driving across a fan of lahar and alluvial deposits < 200 years old. 0.3

11.5 Tum left into the White River Sno Park, Park at north end of parking lot. We will walk
along White River to the prominent tervace that exposes pyroclastic-flow and lahar deposits
of Old Maid age. 0.1

Stop 3. Old Maid pyroclastic-flow deposit

Figure 15, Photograph of the Old Maid pyroctastic-
fow deposit (~200 yr B.P.j about 0.8 km north of OR 35
in the White River valley on the southeast flank of dount
Hood, 165-cm-tall person ar base of pyroclastic-flow
deposit for scale, wrg, White River Gluacier! hpe.,
Polallie dianucts | hoc, Old Maid diamicts.

This stop provides a close-up inspection of a pyroclastic-flow deposit produced by collapse of a
growing lava dome at the site of present Crater Rock during the Old Maid eruptive period. Having
occurred just 200 years ago, the Old Maid is the youngest major eruptive period at Mount Hood
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(Crandell, 1980; Cameron and Pringle, 1987). Crandell (1980) studied this exposure saon after a
1964 flood greatly croded the terrace scarp. A lower lahar deposit (now buried m colluvium shed
from the scarp) that extended below river level is overlain by at least one and perhaps several
pyroclastic-flow deposit(s) 5-20 m thick. Farther upstream, several lahar deposits overlie the
pyroclastic-flow deposit. The pyroclastic-flow deposit contains clasts of dense to vesicular, highly
porphyritic, silicic andesite--62.8 percent Si0O, in a bluck here and as much as 64.0 percent in
deposits upstream —in a gray to pinkish-gray, {riable, granular sandy matrix. Many clasts are
prismatically jointed, indicative of rapid cooling of hot blocks after emplacement. Other evidence of
hot emplacement includes abundant charcoal fragments (which have yielded a "“C age of 260+150 yr
B.P.), pinkish color indicative o} high-temperature axidation, and vertical fluid-escape pipes. In
addition, the paleomagnetic direction from this unit is 1dentical to that of other pyroclastic-flow
deposits of Old Maid age and at least part of Crater Rock, «# lava dome of Old Maid age (fig. 8).

The Oregon Department of Transportation mined the deposit and crushed the rock for rond sand
for the winter. They recently ceased operations and regraded the area to produce & more natural
topography. The upper 24 miles of the 46.5-mile-long White River are designated as Wild and
Scenic.

Natural disturbances to the upper White River are common. In 1996, a large failure in clastic
sediments on the west wall of the White River canyon sent sediment downstream, turming the river
water ehocolate brown for several days. Hot weather in late sumimer of 1998 resulted in a glacial
cutburst flood that triggered lahars that flowed down the river and damaged the east abutment of the
OR 35 bridge. An intense rainstorm in October 2000 sent lahars down the river, which again
threatened the bridge (fig. 16) and {lowed through a Boy Scout Camp just west of the parking lot.
The intense 2000 storm also affected the dramnages of Newton and Clark creeks. Lahars from Newton
Creek destroyed several miles of the northbound lane of OR 35,

Figure 16. QOregon Depariment of
Transporiation highway crews
" clearimg  diment beneath the OR 35
brida. over the White River. Lahars.
generated by intense rain in October
2000, filled the river channel and
' damaged tfie hridge.

11.6 Return to OR 35 and turn left. 0.1

11.7  Cross White River; view to canyons n upper White River valley. Outburst floods from
White River Glacier have taken out numerous versions of the highway bridge. The aggrading
valley floor downstream displays several surtaces formed dunn; *his century that can be
differentiated by the size (age) of trees growing on them. The sec ment sources for the
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aggradation are White River Glacier and the canyons that are being cut into diamicts of
Polallie and Old Maid age downstream from White River Glacier. 0.4

12.1 Roadcut in talus derived from Hood andesite lava tlow that forms ridge on east side of White
river. Ahead 1s highly fractured and locally altered Tertiary andesite. 1.5

13.6 Ascend south side of Bennett Pass; outcrops of Tertiary volcanic rocks locally overlain by
till. 9.2

13.8  Bennett Pass forms the drainage divide between the Hood River and White River basins;
Hood River drains north to the Columbia River and White River tlows east to the Deschutes
River. Optional stop. 1.3

Optional Stop: Bennett Pass glacial deposits

The roadcuts at the pass expose three diamicts that mantle a ridge of Miocene volcanic rocks.
The ridge projects 2 km northwest before being buried by lava flows from Mount Hood. Crandell
(1980) interpreted the roadcut as three tills separated by buried soils, the upper till forming a lateral
moraine of Fraser (Evans Creek) age.

The diamicts display the characteristics that we use to distinguish tili from similar-looking
colluvial deposits and volcanic diamicts such as pyroclastic-flow and lahar deposits (Table 1).
Striated and glacially shaped clasts are comman in the units, especially the lower two. The matrix
contains more silt than do typical noncohesive fahar deposits and is locally quite compacted. Bedding
is absent or crude, unlike typical sequences of volcanic diamicts. The middle unit does have a couple
of poorly bedded, slightly graded diamicts that may be (low till (essentially debris-flow emplacement
of superglacial drift}, as might be expected in a moraine depositional environment.

The lower till is composed dominantly of dense andesite clasts, many of which contain rounded
light-colored fine-grained inclusions. We can not identify a specific source, but similar lava flows lie
upslope from here in and near Mount Hood Mcadows Ski Area. One tlow has a K-Ar age of 16314
ka; others lic below a fava whose K-Ar age is 5514 ka.

About half of the clasts in the upper unit are highly porphyritic and vesicular, similar to clasts
found in Polallie deposits derived from collapse of lava domes (Stop 3). The terminal moraines of
Evans Creek age east of here contain a high proportion of similar clasts, many of them incipiently
prismatically jointed, suggesting that dome growth and collapse was occurring during the Evans
Creek advance and shedding debris onto ice, which was then transported to moraines as superglacial
drift.

The soils that separate the units are quite different in degree of development. The lower soil 15 as
much as 1 m thick, although it has been beveled by erosion, and has an incipient argillic (textural) B
horizon. Overall it displays a greater degree of development than does the surface soil formed 1 the
15,000 yr since the end of the Evans Creek advance. The upper buried soil is thinner than the lower,
is less intensely oxidized, and has no argillic horizon. Locally some of the oxidized materiz! has
preserved bedding. The upper buried soil probably represents a imited time of soil formation and the
two upper units may both date from the last glaciation, Small pumice lapilli, one example of the rare
pumiceous products of Mount Hood, are scattered throughout the upper part of the upper buried soil.

The age of the lower till is unknown but is probably either roughly 75 ka or 150 ka, considering
the degree of development of the lower buried soil and our estimates of the timing of pre-Evans Creck

glaciations,
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15.1 Hood River Meadows entrance (lower entrance) to Mount Hood Meadows Ski Area.
Roadcuts alik | expose till of Evans Creek n andesite lava flow of Sahalie Falls, which
is part of a seqt ..ice that underlies Mount Hood Meadows Ski Area. The youngest well-
dated flow in the sequence has a K-Ar age of 55+14 ka. Samples of the andesite of Sahalie
Falls contained very little radiogenic Ar (0.1 percent) and yielded a meaningless age of 5+18
ka. 0.9

16.0  Cross Clark Creek. Highway is built on lzhar and alluvial deposits derived from erosion of
diamicts of Polallie age on the east flank of Mount hood. 1.4

Overview of east flank
T
Chim v
Steefv -~ / Elic-
i
lava dome .
Texas neg Coc wr
lave  w hpc \
\ hpe
\ aval }
o 4
c. -
ey,
. 7 Fo)
forge

Figure 17, East flank of Mount Hood showing major geographic features and contact 1 lations between
deposits. hpe, Polallie diamicts; aval, avalanche deposit emplaced in the co ¢ tury; ne :, Newton-Clark
Glacier,

Bluegrass Ridge (Miocene and Pliocene volcanic rocks) blocks much of the view of Mount Hood
from Oregon 35. Figure 17 is u view of the east flank of the volcano trom Elk Mountain on the south
end of Bluegrass Ridge. Steel Cliff lava dome and its fan of diamicts (hpe), which overlies or
perhaps sandwiches the “Texas™ lava flow (25 + 13 ka), form the left skyline. A ridge composed of
~200 m of Polallie diamicts forms the divide between Clark and Newton Creeks.  Polallie diamicts
form the right skyline around Cooper Spur. Lava {lows with {icld-determined reversed magnetic
polarity crop out deep in both valleys (884 + 22 ka and 719 + 12 ka). The younger age falls within
the Brunhes Normal Polarity Chron, bui the lava is slightly altered and the age is considered only a
minimum. A thick sequence of lava flows withag  om 184 to 238 ka forms the steep slope below
Newton-Clark Glacier (ncg) and Gnarl Ridge. The Chimney, a steep slot formed in altered summit
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lava domes is a frequent source of rock avalanches, most recently in 2001, Reddish and yellowish
avalanche debris (aval} at the terminus of the glacier at the head of Newton Creck was probably
emplaced in the early 20" century. Newton Creek valley has been the site of numerous debris flows
generated by heavy rains during the past few decades.

17.4

18.4

20.9

22.4

23.6

24.1

Cross Newton Creek; highway is built on a broad fan of alluvium and debris-flow deposits
from Newton and Clark creeks. Newton Creek heads on the steep cast face of Mount Hood
and flows through a canyon whose south side is formed in diamicts of Polallie age (fig. 17}.
Debris flows generated by landslides and storms are common, especially in late autumn and
early winter. Some [lows have affected OR 35, most recently during an intense rainstorm in
October 2000. Debris flows diverted the creek upstream of the bridge into a new channel.
Where the new channel intersected the highway embankment, the stream turned Lo {flow along
the west highway ditch for hundreds of meters. The storm-swoellen stream eroded a deep
gully along the highway, destroying large parts of the southbound lane. 1.0

Cross East Fork of Hood River. Columbia River Basalt is exposed in a rock guarry on cast
side of East Fork just upriver front bridge. The highway traverses a broad valicy floor
underlain by lahar and alluvial deposits of Polallie age. 2.5

Junction with Forest Road 44; continue north on OR 35. The highway is traversing an apron
of alluvial and debris-tlow deposits derived from the east valley wall. Bluegrass Ridge forms
the west valley wall and consists of much the same upper Miocene and Pliocene rocks as
does the east valley wall. Roadcuts for the next several miles expose interbedded lahar,
alluvial, and lake deposits that underlie a terrace whose tread {east of highway) 1s formed in
lahar deposits of the Polallie eruptive period and lies from 25 to 30 m above the East Fork.
Several mechanisms existed for damming the East Fork in the constricted reach ahead
between Polallie and Cold Spring Crecks and ponding water above the level of the lake
sediments in these exposures: the andesite lava flow of Tamanawas Falls (29 + 11 and 44 £ 9
ka); an outwash fan of Evans Creeck age from Polallie and Cold Spring Creeks; and a fan of
lahar deposits emanating from Polallie and Cold Spring Creeks during the Polallic eruptive
period. 1.5

Lunch stop at Sherwooed Campground on the west side of the road. 1.2

The canyon of the East Fork narrows greatly through the next 0.5 mie; upper Miocene lava
flows, breecia, and diamicts are exposed in river and roadeuts. The ridge west of the river is
capped by the andesite of Tamanawas Falls (60.5 wt. % Si0,), a Hood lava that has K-Ar age
of 29 + 11 and 44 + 9 ka and is overiain by moraines of the Evans Creek advance. This
constricted reach of the East Fork canyon no doubt reflects the youthfulness of the lava tlow.
Polallie Creek foliows the north margin of the tlow. Cold Spring Creek, which drains a large
sector on the lower east flank of Mount Hood, enters the East Fork at the south margin of the
lava flow, 0.5

Mouth of Polallie Creek and juuction with Cooper Spur Road, continue N on OR 35, Polallic
Creek originates on the broad fan of pyroclastic-flow and lahar deposits of Polallie age that
forms Cooper Spur on the northeast tlank of Mount Hood. Roadeuts expose a terraced fill in
lower Polallie Creek that is younger than moraimes of Evans Creelc age. Glaciers of the
Evans Creek advance terminated about 2 km upstream from the Bast Fork., 2.0
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1980 debris flow and flood on Polallie Creek

Intense rainfall on Christmas Day, 1980, triggered a fandsiide in Polallie deposits at the steep
head of the creek; the landstide in turn transformed into a debris flow (Gallino and Pierson, 1985).
The debris flow entrained material scoured from the valley bottom and entered the East Fork Hood
River, carrying a volume 20 times greater than the initial landslide. One person was killed when the
debris flow burst from Polallie Creek canyon and overran the truck in which he was sleeping at the
former Polallie Creek Campground. The debris tlow came to rest at the mouth of Polatlie Creek and
temporarily dammed the East Fork. About 12 minutes later the dam was breached and a flood surged
down the East Fork, destroying about 5 miles of highway—causing a total of $13 million in damage.

26.1 Roadcut in upper Miocene andesite lava flow (Wise, 1909) with K-Ar age of 8.18320.06 Ma
{Keith and others, 1985). The andesite is overlain by outwash of Evans Creek age and lahar
deposits of Polallie age that form a terrace about 50 m above the East Fork. The top of the
ridge west of the highway is formed by an andesite flow from Mount Hood that has a K-Ar
age of 475 ka. Intracanyon lava flows from Mount Hood and Cloud Cap have lorced the East
Fork eastward so that the river 1s cutting a narrow canyon into these Tertiary rocks. 1.6

Rhododendron and Dalles Formations

Geologically, Mount Hood is not the first large andesitic volcano developed in this part of the
Cascade Range. Older, extensive voleaniclastic-rich stratu are exposed on the west and east sides of
the volcano—the Rhododendron and Dalles Formations, respectively. These formations were thought
to form a broad volcaniclastic apron, and they were presumed to be similar in age (for example, Wise,
1969). They are nowhere in contact, but both overlie the Columbia River Basalt Group.

We now know that the Dalles Formation is younger than the Rhododendron Formation.
Rhododendron time began about 14 Ma and had ended by 11 Ma. The Rhododendron Formation is
capped in many places by a lava known as the andesite of Last Chance Mountain, which has K-Ar
ages ranging from 9.5 to 11 Ma (Priest and others, [982; Keith and others, [985). In contrast, the
Dalles Formation was ecmplaced from & to 6.5 Ma, on the basis of an age from a Dalles clast and
several ages on andesite lava flows and domes in the proximal lacies of the unit (P.E. Hammond, in
Fiebelkorn and others, 1983; Keith and others, 1985; Sherrod and Scott, 1995, Gray and others,
1996). The ~8-Ma andesite described at mile 26.1 is one of these lava [ows.

The Rhododendron and Dalles Formations are similar chemically and are also similar to Mount
Hood andesite (Gannett, 1982). Indeed, except for characteristically higher Sr in the Quaternary
rocks, these three groups of intermediate-composition strata cannot be distinguished from each other
chemically, despite their emplacement during three discrete periods over the past 14 million years.

27



(§661) 11025 pup po.ayS woy pajdopy a3poT auiaquit] 1) 'dun)) Juawiidang) '08 PO Tunoje 403U SDAD] 3)1SIPUD ISP PUD Hosoq Surmoys dopy g1 amSLy

e
T 0 o =
it
a
o =
3 [us)
® =
=
=0
2
T
=N
Q
[BW v'Z] LLGE peOY JolEseg  L,Geq
papialpun '8lSspuUE Jljeseq pue }eseq nq
(e 2°1 =/<] ouegjoa JeidRID Apues Jo (¢ )euoen O} jeseq ABs
(e 0ZZ =/<] Bpiy an|g Jo susspue D)j|eSeq PUE |leseg iqq

UIRIUNOW pleqg 0 1jeseq aq
UoNIQ Jaivels jo Jeseq pbq

(&3 01 2] uoAue] s|A9Q O BUSBDpUE DHESEY 2peq

{ex 082-pZp] 1niy BoQ yo oysspue Jnjeseg  upeq

(e Z6F "S.t] deDd pnoiD Jesu pooH UNOW 4O BlISBPUE JapI0) oy
(&% pZp) ded pnoi) o syusapue oleseg 204

(3 08g] Auenb ye8.] ppeT jo ausapue JnEseq bieq

ey segl ¥seln duimg jo ausapue oneseq seq

[ey 28Z] 96pIy WNo0A J0 sUsapUR aljjeseq lheq

(e 5211 slied wnoo, jo susepue ojeseg  jheq
alng aye7 1507 4O Ys3puUe Jjjeseyg Ileq

[ey gz 1] siseuuld 8y J0 sysapue djjeseg deq
[ey L5] yos1D ApET JO ausapue Jjeseg Jjeq

[ex £ /] @iepyled jo susspue ojeseg  ydeq




27.7 Stop 4: Basaltic andesite of Cloud Cap and discussion of Quaternary mafic
lavas near Mount Hood
Caution; Watch out for rockfalls!

Figure 18. Outcrops on west
side of OR 35, about 0.5 km
north of junction with Dog
River Road. Lower lava flow
is from a vent on the east side
of the valley, Upper lava
Slows are part of the Cloud

. w
ooz0 pc-ge. Cap sequence of basaltic
“Ple g e /j Epaiabals - andesite to andesite lava
. L AT . flows that were erupied from
.=t 1 . . vents on the northeast flank of

L _ Mount Hood. hicc, basaltic
o - . andesites of Cloud Cap, hpc-
‘ : geo, lare-glacial outwash and
- } Polalfie-aged lahar deposits;
‘ " TR - badr, basaltic andesite of Dog
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CIliff and roadcuts expose two sequenccs of intracanyon lava flows and a clastic unit plastered
against them (fig. 18). The upper sequence (two or more flows here; 54.9 wt. % Si0,) {orms part of
the normal-polarity, plagioclase-, orthopyroxene-, and olivine-bearing basaltic andesite to andesite
lava flows of Cloud Cap (figs. 19, 20). The lower sequence (one flow here) is from vents high on the
east rim of the canyon (basaltic andesite of Dog River; 56.3 wt. % Si10,; figs. 19, 20) rather than from
Cloud Cap. The clastic unit is composed of lahar deposits of Polallic age and glaciofluvial deposits
of Evans Creek age. North along the exposure, Tertiary andesite crops out below lava of Cloud Cap.

Parts of both lava-flow sequences show evidence of emplacement against paleovalley walls in the
form of fanned arrays of small columns and quenched glassy lava. Flowing from the southwest and
entering the-paleovalley occupied by the basaltic andesite of Dog River, the Cloud Cap lavas
displaced the East Fork of the Hood River eastward to its present position. Subsequent incision cut a
canyoil close to present stream level by onset of the late Pleistocene Evans Creek advance. Bouldery
outwash gravel of Evans Creek age forms the lower part of the clastic unit that is plastered against the
cliff here; the upper part consists of lahar deposits of Polallie age. Upstream along the East Fork,
these units underlie a terrace that is as much as 50 m above the present channel.

The Cloud Cap sequence is the largest of several, relatively small-volume outpourings of basaltic
andesite and andesite lava from vents peripheral to or low on the flanks of Mount Hood (fig. 19).
These lava flows are temporally and spatially related to the main andesitic cone-building lavas that
form Mount Hood. Numerous (>10) lava flows of Cloud Cap exposed in the east canyon wall of
Elliot Branch have a combined thickness exceeding 100 m. A sample from near the middle of the
Cloud Cap sequence has an age of 424x19 ka, which 1s younger than ages of 0.49 to 0.65 Ma
obtained by Keith and others (1985) from a sample near the top of the sequence. The Cloud Cap
sequence overlies Hood andesite lavas that have K-Ar ages of 492+15 ka and 475+14 ka (fig. 2),
which is consistent with our age. Paleomnagnetic results indicate that the entire sequence was
probably emplaced within & few centuries (fig. 21).
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Figure 21. Paleomagnetic directions of Cloud
Cap lavas {hlce) and proximal older Hood
andesites (hlo on Figure x). A sample from near
the middie of the Cloud Cap sequence has a K-Ar
age of 424 £ 19 ka. Quarry I andesite has an
age of 931 + 15 ka (discussion mile 43.7). The
semilarity of Cloud Cap directions indicates that
the entire sequence was probable emplaced

C@) within a few centuries.

e hicc - Cloud Cap
O hlo-475+14ka
O hlo - Quarry 1

Cloud Cap lava ranges from basaltic andesite to andesite, 54.0 to 58.6 percent Si0,  (Fig. 20).
The less-silicic flows have plagioclase and olivine phenocrysts, whereas the more-silicic flows have
plagioclase and orthopyroxene phenocrysts with rave olivine. However, stili unclear 1s the
petrochemical relation between basaltic andesite lavas that border Mount Hood and Hoeod's andesitic
lavas. Wise (1969) argued against Hood andesite being derived from basaltic andesite of Cloud Cap
on the basis of moderate K,0 values of the andesite: il the andesite lavas were derived from a
basaltic andesite parent, then they should have higher K,O values. Cribb and Barton (1997}, supggest
that trace-clement mixing calculations indicate that repeated cycles of mixing resufted in the eruption
of compositionally similar lavas throughout the history of the volcano. At present we have not
examined relations between the basaltic andesite and andesite using petrologic models, but we
speculate that Mount Hood may be replenished episodically by small batches of mafic melt at depth
and that the ycarly seismic swarms at Mount Hood may be the geophysical expression of such
episodic recharge. The composition of that mafic melt 15 likely variable considering the variety of
basaltic andesite lavas that are vented at the surface. Mixing of mafic magma with residuum from
previous eruptions likely oceurs along with some crystal fractionation. Depending on the durations of
repose periods, more than one mafic magma may intrude at depth, What eventually triggers an
eruption and why the lavas produced are so similar in composition and crystallinity 1s not known.
But it complex processes of replenishment, mixing, and crystal fractionation do oceur it is likely that
it will be difficult to match parent and daughter products, even assuming there is a genetic relation.
Until further work, we can not discount a genetic linkage between the basaltic andesite and andesite,
but at present we can not prove that there is one.

Cribb and Barton (1997) peint out that Mt. Hood lavas are unusual in that they do not exhibit
depletion of high field strength elements (HFSE) relative to large ion lithophile elements, a common
characteristic of arc lavas. They argue that the abscnce of the HFSE depletion cannot be attributed to
lack of interaction with slab-derived fluids and the source region because of pre-eruption water
contents (6 wt. % H,0), Rather, they suggest that the depletion may reflect negligible subduction of
sediments and or negligible mixing between subducted sediment and the upper mantle source region.
0.3

28.0 Cross East Fork Hood River. 2.4

30.4 Turn left onto Baseline Dnive towards Parkdale and Dee. 0.5

30.9  Turn left on Culbertson Road. Rolling topography is underlain by several lahars of middie
Pleistocene age. 0.8
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31.8 Junction of Cooper Spur and Culbertson roads, continue on Culbertson. 0.5

32.3  Junction with Clear Creek Road, continue on Culbertson through intersection and park on the
north side of the road just past the intersection. 0.5

Stop 5. Overview of north flank of Mount Hood from the Upper Hood River Valley

The Hood River Valley is one of the major fruit (pears>apples>cherries) producing regions of
Oregon. Mount Hood is an essential ingredient in this agricultural enterprise, beyond merely
providing great logos for fruit crates, The soils in the upper valley, the Parkdale Series and its
relatives, are formed chiefly in thick ash-cloud deposits of Polallie age (Harris, 1973). The soils are
typically well-drained, have good moisture holding capacity, and allow deep rooting. Ot probably
greater importance, the perennial snow and ice on Mount Hood provide an ample and relatively tow-
cost supply of irrigation water during the summer. The valley is culturally diverse with a large
permanent Hispanic population that has grown greatly over the past few decades to join the Anglo
and Japanese-American residents from the late 19" and early 20" centuries. For several weeks in
April, beginning in the lower valley near the City of Hood Ruver, the valley is awash in blossoms.

In contrast to the smooth, broad fans of diamicts of latest Pleistocene and Holocene age that form
much of the south flank of Mount Hood, the north flank is steep and rugged (fig. 22). The position of
the Cratcr Rock vent south of the suinmit ridge has isolated the north flank from Holocene eruptive
products other than tephra-fall deposits.

_ Snow Dome-

dli[:gfe Langille Crags
Cloud Cap / 42 +/-9 Ka Barrett
hlce ’ >
Cooper ’ i
424 +1. 19 ka Spﬂ,— Re ,‘ 29+~ 12 Ka
’ &
Srr - g ) !g
nl hpe o e S / .
29 +- 11 K8 , ‘ ) 3 e

Figure 22, The north flank of Mount Hood showing K-Ar ages of prominent features. eg, Eliot Glacier; cg, Coe
Glacier; Ig, Ladd Glacier; hpe, Polallie diamicts (15-30 ka); hi, hood, lava.

A few remnants of fans composed of diamicts of Polallie age (hpc) are visible from here. Eliot
lava dome, which forms the massive face above Eliot Glacier (eg), and its fan of diamicts that forms
Cooper Spur occupy a large part of the northeast sector of the volcano. The fan is banked against and
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overlies an andesite lava flow dated at 29 + 1] and 44 + 9 ka, which is also overlain by end moraines
of the Evans Creck advance (~20 ka). The Polaliie diamicts below Cooper Spur have not been
glaciated, although expanded snowfields verging on glaciers during neoglacial advances of the past
few millennia managed to striate some boulders on the upper part of the spur, Downstream beyond
the view in Figure 22, the Polallie diamicts overlie till and outwash of the Evans Creek advance. Few
useful radtocarbon ages exist on Polallic deposits, but we suspect that the youngest diamicts on
Cooper Spur are on the order of 12-20 ka. An additional patch of Polallie diamicts is banked against
Barrctt Spur (29 + 12 ka; 62.4 wt. % Si0,), a thick massive lava flow of which we will have a closer
view and discuss further at Stop 7. The source dome for these Polallie diamicts is not known; it may
be in the altered mass to the west of Snow Dome. It also may have been removed in a rock avalanche
of Timberline age that descended to Barrett Spur and then split into lobes that followed Coe and Ladd
glaciers,

A wedge-shaped mass of andesite lava flows between Eliot and Coc glaciers torm the Snow
Dome and Langille Crags, for which we have obtained several ages of about 40 ka. This sequence of
lava flows was confined on the lower northeast flank by the basaltic andesite of Cloud Cap (hlcc; 424
+ 19 ka) and on the northwest tlank by sequences of lava flows =80 ka.

Collectively, the relative youth (<50 ka) of the units above treeline on the north flank, the lack of
exposures of older lavas, and evidence from lahars in Hooed River Valley suggests that much of the
upper north flank fills an ancient debris-avalanche scar. Several lahars in the Hood River valley have
features characteristic of lahars derived from volcanic debris avalanches —clayey matrix, abundant
clasts of hydrothermally altered lava, and megaclasts of lava flows and diamicts. At least two large-
volume (order of 1 km*?) avalanches are inferred from lahars. The older lies between a Hood
andesite lava flow dated at 475 + 14 ka and the 424-ka basaltic andesite of Cloud Cap. The younger
contains juvenile(?) clasts dated at 61 = 21 ka and 109 + 9 ka and overlies an eruption-related lahar
with clasts dated at 120 + [1 ka. The younger lahar (fig. 23) can be traced down Hood River to the
Columbia River and for several kilometers up the White Salmon River in Washington (Vallance,
1999). The lahar must have at least temporarily filled the Columbia River valley to a depth of several
tens of meters.

9

Figure 23, The younger clayey lahar
exposed along raifroad in Lower Hood River
Valley.

328  Arrive at Lava Nursery, proceed to office for permission. Best road for lava flow access is
due west of the office complex.
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Stop 6. Parkdale lava flow

The Parkdale lava flow, dated at 7.7 ka, is the youngest Cascade mafic cruption between Mount
Adams and Mount Jefferson. It is about 7-km long and 0.3 km3 in volume. Like many of basaltic
andesite flows from vents that border Mount Hood, the Parkdale lavas range from about 55 to 58
weight % Si02. There appears to be a compositional gap between 55 and 57.5 weight percent (fig.
20), but analyses are too few to confirm it. There is no cinder cone associated with the Parkdale lava
flow and thus we assume that it erupted from a subsurface fissurc, Of all the basaltic andesites around
Mount Hood, only the Pinnacle lavas are associated with a cinder cone.
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s y Figure 24. Blocky surface of the 7.7 ka
' Parkdale basaltic andesite lava flow.
This is youngest mafic lava flow between
Mount Adams and Mount Jefferson.
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Radiocarbon ages indicate that the Parkdale lava flow erupted around the time of the Mazama
eruption of Crater Lake. On Mount Hood, original {all thickness of Mazama tephra is between 5 and
10 ¢cm. However, it has not been found on the surface of the Parkdale lava flow, so presumably the
Parkdale eruption shortly post-dales the Mazama tephra. Alternatively, the Mazama tephra may have
blown off and (or) filtered down through the blocky surtace of the lava flow. 3.0

359 Intersection of Culbertson and Cooper Spur roads; turn right onto Cooper Spur Road. 0.8

36.6  Junction with Laurance Lake Road, continue on Cooper Spur Road. 2.3

389  Basaltic-andesite lava flow of Cloud Cap with basal breccia. This lava flow is one of the
most mafic (55.2 wt. % Si0,) lava flows from the Cloud Cap vent area and is olivine phyric.
The basal breccia overlies an old lahar deposit likely correlative to those on the east end of

Culbertson Road (mile 30.9). 1.8

40,7  351) Road on right l¢ads up to small basaltic shield (50.2 wt. % Si0);) whose west slopes we
are driving past; K-Ar of 2.5 Ma, reversed polarity, 0.6

41.3 Roadcuts in debris-flow deposits from Tilly Jane Creek. 0.3

41.6 Basaltic andesite lava flow of Cloud Cap. 0.1
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41.7 Turn right onto Cloud Cap Road, across from the Cooper Spur Inn. 2.0

43.7  Andesite lava flow in quarry (60.5 wt. % Si0,; K-Ar age of 931 x 15 ka with normal polarity.
A tlow on the NW flank of the volcano has very shallow reversed polarity and a K-Ar age of
932 + 31 ka. The last magnetic reversal from reversed (Matuyama) to normal {Bruhnes)
polarity occurred about 780 ka (Baksi and others, 1992). The Jaramille, a normal polarity
subchron within the Matuyama, occurred between 0.99 and 1.07 Ma. The lavas may belong
to an excursion around 930 ka or the K-Ar age may be incorrect and the lava may belong in
the Jaramillo Subchron (ID. Champion, personnal communication, 2003). 0.5

44.2 Roadcuts in diamicts of Tilly Jane Creek. 0.3

445 Quarry in Cloud Cap basaltic-andesite lava (58 .2 wt. % Si(,). Platey base with more
massive interior. 2.2

46.7  Dead trees along road are victims of a spruce bud worm infestation that has been affecting
Pacilic Northwest forests for the past few decades. 2.4

49.1 Basaltic andesite lava flow of Cioud Cap. 2.4

51.5 Junction, turn right towards Cloud Cap Inn. A precipitation gage station is on the north side
of the road just past the junction. 0.8

523  Quarry in basaltic-andesite lava flow of Cioud Cap; K-Ar age 424 £ 19 ka. 0.1

52.4  Drive to the end of the road and park at the Cloud Cap Inn, built in 1889. Walk to front of the
Inn for views of the north flank of Mount Hood

Stop 7. Cloud Cap

Construction of Cloud Cap Inn began in March 1889 and the first guests registered on August 6
of that year. The inn was operated by Sarah Langille, “Lady of the Mountain,” and her two sons.
The younger, Will, reportedly took only 10 hours to circle the volcano in 1893, crossing all 9 named
glaciers. The inn was evidently a rocky business venture and never terribly successful. Attempts
were made in the 1920s to build a more grandiose four-story inn, similar to Timberline Lodge, a cable
railway from Cloud Cap Inn to Cooper Spur, and an aerial tramway from Cooper Spur to the surnmit.
Environmentalists of the day opposed the idea, but it took the Great Depression to quash the proposed
development. The inn languished until the 1950s when the Forest Service gave the Hood River Crag
Rats, a mountaineering and search and rescue organization, use of the building. The Crag Rats saved
the building from further decay and in 1974 the inn was declared an historic site.

With good visibility to the north are three other Cascade volcanoes: Mount St. Helens (100 km
NNW), Mount Rainier (165 km N), and Mount Adams (90 km NNE),
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Figure 25. North flank of Mount Hood showing pronunent features. cg, Coe, Glacier, hpc, Polallie-aged
diamicts.

Several prominent latest Pleistocene units dominate the view of the volcano from Cloud Cap Inn
(figs. 25, 26), The lavas of the massive face above Eliot Glacier can be traced into a lava flow (hpt)
that is exposed at the east margin of Eliot Glacier (fig. 25). Block-and-ash-flow deposits that form
Cooper Spur (hpe; 63.0 and 62.5 wt. % S10,) overlie the lava flow (60.3 wt. % Si0,). These and
related lahar deposits extend to the East Fork Hood River along Polallie Creck, The Snow Dome and
Langille Crags arc part of a sequence of ~40-ka lava flows that forms the divide between Eliot and
Coe Branches and extends 10 km to the north. The canyon of Eliot Branch below Cloud Cap is a
narrow U-shaped valley that was cut during the Evans Creek advance along the contact between the
40-ka lava flows and the 424 -ka basaltic andesite lavas of Cloud Cap. The Cloud Cap lavas can be
traced about 1.5 km farther south from the inn. The vent is not exposed, but it must lie within 4 km
of the summit of Mount Hood. Barrett Spur is a narrow (62.7 wt. % Si0,), ~300-m thick lava flow.
It's odd shape suggests that it was probably constrained by glacier ice of Evans Creek age. Any
evidence of ice contact (quenched glassy margins, hyaloclastite, etc.) has been removed by
subsequent glacial erosion and mass wasting. The Pulpit 15 a lava tongue sandwiched in diamicts and
may have an origin similar to that of the lava flow and diamcts of Polallie age on Cooper Spur. The
Pulpit sequence may also be of Polallic age and cormrelative with diamicts on the south end of Barrett
Spur and those visible west of Barrett Spur in Figure 22 (stop 5).
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Figure 26. Photograph from the Cloud Cap inn showing prominent features of the northeast flank of Mouni
Hood. hpc, Polallic diamicts (15-30 ka); hpl, Polatlie-aged lava flow.

Conspicuous moraines of late glacial and neoglacial age flank the west margin of Eliot Glacier.
In the mid- to late 19" century, Eliot Glacier terminated in the area of the vegetation trimline marked
by the dashed white line in Figure 24, 10.3
627 Turn right onto Cooper Spur Road. 0.4
63.1 Andesite lava flow of Mount Hood (59.2 wi. % Si0,); K-Arage, 475 = l4 ka. 1.1
64.2  Platey basaltic andesite lava flow of Cloud Cap. 0.5
64.7  Series of outcrops in oulwash of Evans Creck age and diamicts of Polallie age. 0.3

65.0  Turn right on OR 35 miles and return to Timberline Lodge. 30

950  Timberline Lodge. End of field trip.
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