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INTRODUCTION

The Elk Mountain 7.5-minute quadrangle is on the western slope of the
Cascade Range of southern Washington, centered about 20 km west of the summit
of Mount St. Helens (fig. 1). Bedrock consists of diverse volcanic and volcaniclastic
rocks of late Eocene and early Oligocene age. These rocks are overlain by extensive
Pleistocene glacial deposits and mantled by tephra erupted from Mount St. Helens
during latest Pleistocene and Holocene time. The South Fork Toutle River valley
contains deposits of volcaniclastic debris also derived from the volcano.

Natural bedrock exposures are limited owing to the dense vegetation of
temperate coniferous rain forest and the thick surficial cover. However, outcrops
are common along the many streams in the area. In addition, an extensive network
of private logging roads constructed during the past two decades provides excellent
access as well as many roadcut exposures, allowing the stratigraphy of the
quadrangle to be pieced together in reasonable detail.

This is one of a series of maps at a scale of 1:24,000 that cover the region near
Mount St. Helens (Evarts and Ashley, 1990a, b; 1991; in press a, b, ¢, d; Swanson, 1989,
1991), published in a program designed to produce a detailed geologic transect across
the Cascade Range of southern Washington. The mapping is intended to acquire
the basic information necessary to elucidate the petrologic and structural evolution
of the Cascade volcanic arc and its mineral deposits. The strata in this and the
adjacent quadrangles to the east, southeast, and south (Evarts and Ashley, 1990a, b;
1991) are older than those in mapped areas north and northeast of Mount St. Helens
(fig. 1; Evarts and Ashley, in press a, b, ¢, d), and include some of the oldest known
products of the Cascades volcanic arc (Phillips and others, 1989).
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SUMMARY OF GEOLOGY
Surficial Deposits

Surficial deposits unconformably overlying Tertiary bedrock include middle
and late Pleistocene glacial deposits and latest Pleistocene and Holocene eruptive
products of Mount St. Helens volcano. Debris from the volcano makes up much of
the valley fill along the South Fork Toutle River, and (unmapped) tephra (chiefly
the C and ] sets of Mullineaux, 1986) erupted from Mount St. Helens during the last
50,000 years forms a thin but widespread cover in the northern and eastern parts of
the Elk Mountain quadrangle.

The area of the quadrangle was little impacted by the May 18, 1980 eruption of
Mount St. Helens. During the early stages of that event, a large lahar was generated
from pyroclastic surges on the west flank of the volcano. This lahar flowed down
the South Fork Toutle River, partially burying older laharic and glacial deposits
(Scott, 1988).

Glacial deposits

Drift in the Elk Mountain quadrangle is correlated with similar deposits near
Mount Rainier that represent the last two or three major advances of alpine glaciers
in the Cascade Range (Crandell and Miller, 1974). The youngest glacial deposits
occupy the floors of deep U-shaped valleys in the North Fork Kalama River and
Trouble Creek drainages, the bench above the east canyon wall of Trouble Creek,
and the area below a cirque occupied by Coweeman Lake on the north side of Elk
Mountain. These deposits exhibit well-preserved glacial morphology and contain
clasts with weathering rinds much less than 1 mm thick; they are correlated with
the Evans Creek Drift deposited during the Fraser glaciation, the last major glacial
advance in the Washington Cascade Range (Crandell, 1987). The pair of weakly
weathered moraines in the upper Coweeman River provide evidence for two glacial
advances during Evans Creek time, possibly corresponding to those recorded by
terrace deposits in the Cowlitz River described by Dethier (1988).

Glaciers in the Elk Creek quadrangle during Evans Creek time were mostly
restricted to the larger valleys that headed on the steep northern slopes of peaks
higher than about 4,000 ft. Earlier in the Pleistocene, however, ice cover in this area
was much more extensive, as indicated by widespread older deposits that are
correlated with the Hayden Creek Drift on the basis of similar weathering
characteristics (Crandell and Miller, 1974). They veneer areas of low relief in the
northern two-thirds of the quadrangle and are present sporadically along the lower
valley walls of the South Fork Toutle River. Dissected but recognizable moraines of
Hayden Creek age are found in several areas. The terminus of a Hayden Creek-age
glacier in the South Fork Toutle River is marked by a moraine at the mouth of
Whitten Creek (Crandell, 1987). Outwash deposits with similar weathering



characteristics crop out along the south bank of the river a few hundred meters to
the east. A small glacier extended northward down Bear Creek during Hayden
Creek time, but terminated about 3 km upstream from the South Fork Toutle River.
Its terminus is marked by a subdued morainal deposit overlain by lacustrine beds
presumably deposited in a meltwater lake impounded behind the moraine.

Roadcuts north of the South Fork Toutle River and west of Harrington Creek
reveal till and glaciofluvial deposits much more deeply weathered than those of
Hayden Creek age. These deposits are probably correlative with the Wingate Hill
Drift, although they could be older. The Wingate Hill Drift mantles the lower
western slopes of the Cascade Range west of Mount Rainier (Crandell and Miller,
1974; Dethier, 1988) and may be as old as middle Pleistocene (Colman and Pierce,
1981). The exceptionally deep weathering of bedrock in the northwestern part of the
Elk Mountain quadrangle is consistent with a long span of time since glacial ice last
covered this area.

Deposits of Mount St. Helens volcano

Lahars generated on the slopes of Mount St. Helens have moved down the
South Fork Toutle River valley repeatedly during the volcano's 40,000-year history
(Crandell, 1987). The deposits of these lahars, and of alluvium composed of
reworked laharic debris, are preserved in terrace remnants on both sides of the river
in the Elk Mountain quadrangle. The terraces have been studied intensively by
Scott (1988), who showed that most of the major eruptive periods of Mount St.
Helens (Crandell, 1987) are represented in these deposits. Individual terraces are
typically composite features that contain deposits of several eruptive periods;
therefore it was not feasible to divide the terrace deposits by eruptive period on this
map as was done in the adjacent Goat Mountain quadrangle (Evarts and Ashley,
1990b).

Paleogene Bedrock

The Tertiary section of the Elk Mountain quadrangle consists of a unit of
distinctive porphyritic and lesser aphyric flows of tholeiitic basalt (the basalt of
Kalama River) conformably underlain and overlain by diverse volcanic and
volcaniclastic rocks broadly similar to those exposed elsewhere in the Mount St.
Helens area (Evarts and others, 1987; Evarts and Ashley, 1990a, b; 1991; in press a, b, c,
d). These rocks strike generally northwesterly and dip to the northeast, forming the
northeast flank of the Lakeview Peak anticline (Phillips, 1987), a broad, gently
southeast-plunging structure the crest of which crosses the southwesternmost part
of the quadrangle near Butler Butte.

The only radiometric age available from the Elk Mountain quadrangle is a
whole-rock K-Ar determination of 36.3+2.2 Ma by Phillips and others (1986) for a
glassy basaltic andesite flow exposed in a quarry about 1 km west of Big Bull.
Although K-Ar ages determined for such glassy (but hydrated) Tertiary rocks in the
Cascade Range are commonly unreliable, this result is consistent with regional
stratigraphic relations and dates from nearby areas (Phillips and others, 1986; Evarts



and Ashley, 1990a), which indicate that strata of the quadrangle range from late
Eocene to early Oligocene.

Basalt of Kalama River

A sequence of petrographically and chemically distinctive tholeiitic basalt,
informally named the basalt of Kalama River, underlies much of the southwestern
part of the Elk Mountain quadrangle as well as large areas south and southeast of
the quadrangle (Evarts and Ashley, 1990a; 1991). It varies in thickness from about
400 m in the northwestern part of this quadrangle to more than 1,000 m along the
Kalama River in the Lakeview Peak quadrangle to the south. The unit has not been
dated directly, but in the Cougar quadrangle it underlies volcaniclastic strata that
yielded a K-Ar age of about 36 Ma (latest Eocene; Evarts and Ashley, 1990a).

The basalt of Kalama River contrasts sharply with subjacent and superjacent
rocks in consisting solely of basalt flows and generally lacking interbedded
volcaniclastic beds. Black, strikingly plagioclase-phyric amygduloidal basalt
constitutes approximately 75 percent of the unit. The remainder is composed of
virtually aphyric, but chemically similar, basalt. Individual flows are typically
sheetlike bodies 4 to 8 m thick; many can be traced as low cliffs for distances
exceeding 1 km with little variation in thickness. Typical flows exhibit massive,
blocky-jointed interiors that grade upward into highly vesiculated and commonly
flow-brecciated tops. A few cliff-forming, relatively coarse-grained basalts near the
base of the unit exhibit well developed columnar jointing and lack flow-breccia
zones; these are probably sills.

Beds of massive, indurated, brick-red hematitic siltstone, less than 1 m thick,
are present between many flows. This siltstone appears to be a combination of fine-
grained eolian sediment and lateritic soil that developed in situ on flow surfaces; no
pumice, shards, or any other detritus indicative of active intermediate to silicic
volcanism have been found in these beds. Palagonitic hyaloclastite and pillow
breccia are present in the lowermost part of the unit west and northwest of Elk
Mountain. Columnar-jointed flows with hackly-fractured entablature zones also
crop out in this area. The earliest lavas of this unit, therefore, flowed into a fluvial
or shallow subaqueous environment, but voluminous outpourings of basalt rapidly
built up a broad subaerial shield volcano. The eruptive source of the basalt flows is
unknown, as petrographically equivalent dikes have not been located; however, the
increasing thickness of basalt from north to south suggests that the vents lie buried
beneath younger Tertiary strata to the south.

Both upper and lower contacts of the basalt of Kalama River are relatively
abrupt but appear to be conformable. As mapped, the lower few tens of meters of
the unit include minor interbedded tuffaceous mudstone and siltstone. The upper
contact is generally quite sharp. However, one isolated basalt flow of Kalama River
type, shown as Tb,, crops out on the north wall of the South Fork Toutle River
valley about 70 m above the upper contact as mapped.

The basalt of Kalama River is petrographically and chemically unlike other
known Tertiary volcanic rocks in the southern Washington Cascade Range. It
consists of olivine-normative, low-potassium, high-alumina tholeiites (table 1; figs.
2, 3,4, and 5) that closely resemble some oceanic basalts in their major and trace-



element geochemistry (Evarts, 1991). The abundant porphyritic flows contain
conspicuous phenocrysts and glomerocrysts of blocky, weakly zoned plagioclase as
large as 1 cm across accompanied by smaller phenocrysts of olivine. Augite
phenocrysts are uncommon, and their modal abundance rarely exceeds 2 percent.
Groundmass textures are dominantly diktytaxitic-intergranular to subophitic. The
abundant vesicles are invariably filled with secondary minerals, chiefly calcic
zeolites and smectites. Preferential weathering of the feldspar phenocrysts and
amygdules gives the basalts a characteristic pockmarked appearance on weathered
surfaces. Aphyric lavas tend to be less vesicular and possess a finer-grained
intergranular groundmass; many of them exhibit a pronounced flow-foliation.

Other Tertiary volcanic and volcaniclastic rocks

The stratigraphic sections above and below the basalt of Kalama River contain
diverse rock types that are for the most part typical of those found throughout the
southern Washington Cascade Range. They consist largely of andesitic to dacitic
pyroclastic and volcanogenic sedimentary rocks interstratified with lava flows that
range in composition from subalkaline basalt to dacite. Most flows in this
quadrangle are basaltic andesite and andesite (between 52 and 63 percent SiO;)
according to the LU.G.S. classification shown in figure 2, similar to most other
analyzed Tertiary volcanic rocks of the region (Evarts and Ashley, 1990a, b; in press
a, b, ¢, d; Swanson, 1989, 1991). Most plot as calc-alkaline on the classification
diagrams of Irvine and Baragar (1971) and Miyashiro (1974) as shown in figures 3
and 4, respectively, and have K,O contents similar to those of Quaternary volcanic

rocks southern Washington (fig. 5). Dacite and rhyolite, which are common
components of overlying Oligocene and Miocene strata to the east and northeast, are
rare in the Elk Mountain quadrangle.

Rocks beneath the basalt of Kalama River. Almost 1 km of strata is exposed
below the basalt of Kalama River in the westernmost part of the Elk Mountain
quadrangle. They consist chiefly of interbedded ash-flow tuff, volcaniclastic
sandstone and siltstone, porphyritic basalt and basaltic andesite, and several aphyric
andesite flows. This section also contains two other notable rock types, ferrobasalt
(unit Tfb) and quartzose sandstone (unit Tqs).

Massive and exceptionally fresh tholeiitic ferrobasalt forms the lowest
stratigraphic unit in the quadrangle. Well developed columnar jointing and a
scarcity of flow breccia in the unit suggest that it is composed mainly of sills rather
than flows. The ferrobasalt shares many of the petrographic and chemical
characteristics of the basalt of Kalama River but possesses higher contents of iron
(total Fe as FeO 213 wt. percent) and titanium (TiO; 22.4 wt. percent). It is thought to
have been derived by extensive differentiation, along a pronounced tholeiitic trend,
from magma similar to the basalt of Kalama River. A ferrobasalt dike cuts the basalt
of Kalama River in the adjacent Lakeview Peak quadrangle, suggesting that it is
younger. Presumably because of its comparatively high density, ferrobasalt magma
failed to reach the surface and was instead emplaced as intrusions in the shallow
subsurface.

The other unusual (for this area) rock type found below the basalt of Kalama
River is muscovite-bearing arkosic sandstone that was derived from a source



outside the Cascade arc composed largely of felsic plutonic and metamorphic rocks.
Lithofacies characteristics, including the presence of coal seams several centimeters
thick, indicate deposition in a fluvial environment. Although the quartzose
sandstones are interbedded with quartz-free volcaniclastic rocks, beds that exhibit a
mixed volcanic and granitic provenance are absent. This suggests that the quartzose
and volcanogenic sands were eroded from entirely different source terrains and
delivered to the site of deposition via independent river systems. Quartz-rich
feldspathic sedimentary rocks underlie volcanic rocks of the Cascade arc in many
places on the flanks of the range, but have not been previously reported from the
Mount St. Helens region. Compositionally similar and presumably correlative
nearshore deposits of the late Eocene Cowlitz Formation are interbedded with
typical Cascade volcaniclastic rocks 25 to 30 km west of the Elk Mountain quadrangle
(Roberts, 1958; Phillips, 1987)

Rocks above the basalt of Kalama River: Overlying the basalt of Kalama River
are lenticular and sheetlike lava flows of basalt, basaltic andesite, andesite, and
minor dacite intercalated with well-bedded volcaniclastic siltstone, sandstone,
breccia, and conglomerate, tuff, and pumiceous and lithic lapilli tuff. In the
northern part of the quadrangle, a series of distinctive olivine-phyric flows (unit
Toba) rests directly on the basalt of Kalama River. These flows are characterized by
conspicuous olivine phenocrysts pseudomorphed by red to orange
smectite+limonite; in most flows, olivine is the sole phenocryst. Despite their
similar appearances, the flows display a range in composition from basalt to
andesite. The more felsic compositions reflect contamination of basalt by material
of granitic composition, as evidenced by the ubiquitous presence of quartztfeldspar
and (or) hornblende xenocrysts. As much as 400 m of these olivine-phyric flows is
exposed north of the South Fork Toutle River, but the unit thins rapidly to the
south and is absent from the southern half of the quadrangle. In the Lakeview Peak
quadrangle to the south, identical olivine-phyric flows (the basaltic andesite of
Indian George Creek) occupy a similar stratigraphic position on the southwest flank
of the Lakeview Peak anticline (Evarts and Ashley, 1991).

Another prominent component of the Tertiary section above the basalt of
Kalama River is the stack of porphyritic two-pyroxene andesite flows that are well
exposed in the steep glaciated canyon walls of Trouble Creek. This series of flows
can be traced continuously northward as far as the North Fork Toutle River (unit
Tay), about 14 km north of the Elk Mountain quadrangle (Roberts, 1958; Phillips,
1987). It thins to the southeast and pinches out in the Fossil Creek drainage of the
Goat Mountain quadrangle (Evarts and Ashley, 1990b). Phillips and others (1986)
obtained a whole-rock K-Ar age of 33.9+1.7 Ma for an andesite of this unit from
Signal Peak in the adjoining Toutle Mountain quadrangle to the northwest.

The hornblende dacite that crops out near the north edge of the quadrangle
west of Harrington Creek is also noteworthy, because hornblende-phyric extrusive
rocks are extremely rare among the Tertiary rocks of the southern Washington
Cascade Range, nearly all of which contain pyroxene instead (Evarts and others,
1987). Relatively water-rich magmas capable of stabilizing amphibole did not begin
to erupt in abundance until middle Miocene time (Swanson and Evarts, 1992).



Intrusive Rocks

Intrusive rocks are uncommon in the Elk Mountain quadrangle. They are
clustered in three areas: the Coweeman River valley, the vicinity of Big Bull, and
the northeasternmost part of the quadrangle north of the South Fork Toutle River.
Most are thin volcanic-textured dikes and sills; larger phaneritic intrusions crop out
only in the Coweeman River area, where relatively coarse-grained bodies of gabbro,
quartz diorite, and granodiorite intrude the section below the basalt of Kalama
River.

The gabbro (unit Tgb) forms a thin sill intruding ferrobasalt. It is a strikingly
porphyritic rock that contains abundant aligned, tabular, highly twinned plagioclase
phenocrysts more than 1 cm long. Its chemistry and unique petrography indicate
that it is unrelated to any other rock unit in the quadrangle.

Exposed in the bed of the Coweeman River at the west edge of the quadrangle
is the eastern contact of a body of medium-grained pyroxene granodiorite. The
intrusion extends into the unmapped area to the west, and its size and configuration
are unknown. However, the relatively coarse-grained, hypidiomorphic-granular
texture of the granodiorite and the widespread presence of altered, locally pyritic,
host rock in the vicinity indicate that the intrusion may be fairly large. A possibly
related rock, fine-grained porphyritic pyroxene quartz diorite, forms a thick
northwest-striking dike north of the Coweeman River. Both rocks display intense
deuteric alteration of primary minerals to albite, chlorite, calcite, and other
secondary phases.

Volcanic-textured dikes and sills are relatively scarce in this quadrangle
compared to adjacent areas to the east (Evarts and Ashley, 1990a, b). They are mostly
restricted to the eastern third of the quadrangle, where they exhibit a pronounced
preferential strike to the northeast. Dikes of basaltic andesite and andesite north of
the South Fork Toutle River appear to mark the western fringe of a large radial dike
swarm centered on the 31-Ma intrusive complex at Spud Mountain, about 5 km
east-northeast of this quadrangle (Evarts and Ashley, 1990b). Another concentration
of similar dikes and sills crops out near Big Bull, but is probably too distant from the
Spud Mountain complex to be related to it.

Structure

The axis of the Lakeview Peak anticline, one of several broad, southeast-
plunging, major folds in southwestern Washington (Phillips, 1987; Walsh and
others, 1987), trends across the southwesternmost part of the Elk Mountain
quadrangle. Consequently, most strata in the quadrangle strike northwest and dip
moderately (20-25°) to the northeast. Dips flatten slightly to the north as the trough
of the Napavine syncline is approached.

Numerous faults have been mapped in the southern half of the quadrangle,
although none appear to be major regional features. Most of the faults are marked
by zones of brecciated and bleached, hydrothermally altered rock, and several of the
fault traces shown are inferred solely from the presence of semi-continuous
outcrops of such altered rock. Northeasterly strikes predominate, with an important



subsidiary northwest orientation; all appear to have relatively steep dips.
Slickensides are rare, so the direction of movement for most of the faults is
unknown. Displacement of stratigraphy in a few localities indicates that vertical
components of offset are as much as 30 m, but the amount and sense of horizontal
movement cannot be determined in most places.

The ages of faulting and folding are unknown. Faults oriented parallel to
nearby dikes, such as those near the headwaters of Trouble Creek and in the
northeastern part of quadrangle, presumably formed at the same time as the dikes
and are thus probably Tertiary, but none of the dikes have been dated directly, so a
more precise estimate is not possible. There is no evidence to suggest that any faults
have been active recently. If the Lakeview Peak anticline was formed at the same
time as folds elsewhere in the southern Washington Cascades, it is probably
Miocene because relations northeast of the quadrangle suggest that most folding
occurred between about 20 and 12 Ma (Evarts and others, 1987; Swanson, 1989;
Swanson and Evarts, 1992).

Metamorphism and hydrothermal alteration

The Tertiary rocks of the Elk Mountain quadrangle have been subjected to
zeolite-facies regional metamorphism, the general character of which is similar to
that described from other areas in the southern Washington Cascade Range (Fiske
and others, 1963; Wise, 1970; Evarts and others, 1987). This metamorphism reflects
burial beneath overlying strata in the relatively high-heat-flow environment of an
active volcanic arc. Neither the grade of metamorphism nor the extent of
recrystallization increase noticeably with stratigraphic depth within the quadrangle.
The very low grade of metamorphism suggests that the rocks of the quadrangle were
never buried as deeply as the more-than-7-km aggregate thickness of younger
volcanic rocks to the east might imply.

Metasomatic hydrothermal alteration was observed at several localities
within the Elk Mountain quadrangle, most commonly as narrow argillized zones
along faults. These altered fault zones are composed entirely of amorphous to
poorly crystalline kaolinitic clay minerals with or without minor quartz or limonite.
In addition, larger and more diffuse zones of sporadic to pervasive alteration not
obviously associated with faulting are present in the vicinty of Harrington Creek, in
the valley of Bear Creek west of Little Cow, and in the northern part of the
Coweeman River drainage. The Coweeman River occurrences are clearly related to
the quartz diorite and granodiorite intrusions; in addition to clay minerals, these
zones contain significant amounts of pyrite and carbonates. The cause of alteration
at the other two localities is enigmatic, as no intrusive bodies are exposed nearby.
They may have been produced by hydrothermal fluids moving laterally away from
fault zones along permeable volcaniclastic beds.
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Figure 1.--Index map of southern Wasington showing location of Elk Mountain quadrangle

and other 7-1/2 minute quadrangles recently mapped by the USGS.
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Figure 2.--K20+Na2O versus SiO; (recalculated volatile-free) for volcanic and plutonic
rocks from Elk Mountain quadrangle showing classification according to LU.G.S. (Le
Bas and Streckeisen, 1991).
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Figure 3.--AFM diagram for volcanic and plutonic rocks from Elk Mountain
quadrangle. A, KoO+NaO; F, FeO+Fe20O3+MnO; M, MgO. Line
separating tholeiitic and calc-alkaline fields from Irvine and Baragar

(1971).
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plutonic rocks from Elk Mountain quadrangle showing classification
into tholeiitic and calc-alkaline rocks according to Miyashiro (1974).
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Figure 5.--K20 versus SiOp (recalculated volatile-free) for volcanic and
plutonic rocks from Elk Mountain quadrangle. Low-, medium-, and
high-potassium fields from Gill (1981, p. 6). Shaded area encompasses
compositions of Quaternary volcanic rocks, exclusive of major
stratovolcanoes, of southern Washington Cascade Range from
Hammond and Korosec (1983). Trendlines shown for Quaternary
stratovolcanoes Mount Rainier, Mount St. Helens, and Mount Adams
based on data in Condie and Swenson (1973), Hildreth and Fierstein
(1985), and Smith and Leeman (1987).
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