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46°22'30 s NN ) \ \\\\ ) Kol 1 \‘rx 462230 CORRELATION OF MAP UNITS"? between 1.87 and 2.48 Ma (Easterbrook, 1994). As mapped, unit to dark-gray, hackly-fractured to blocky- or columnar-jointed, the olivine basalt sequence of Roberts' (1958) Hatchet Mountain
&% 7 \/ &S ,, X ! t i 088 gbgy T‘ . SURFICIAL DEPOSITS _ may locally include younger outwash possibly correlative with the vesicular to microvesicular and commonly diktytaxitic, aphyric to Formation. Evarts and Ashley (1991, 1992) mapped similar rocks
] Ny f] il ‘\ - - Approximate Deposits of Wingate Hill Drift of Crandell and Miller (1974) microphyric tholeiitic basalt and minor flow breccia. Found as four to the east as olivine-phyric basaltic andesite in the EIk Mountain
% / 7 i \, » agein Ma Alluvial and mass wastage deposits Mou%%énl-éelens erosional remnants that rest unconformably on Toutle Formation quadrangle and basaltic andesite of Indian George Creek in the
A CM\ 5 ) K { 0o — Deposits of M St. Hel | (unit Tto) at elevations above about 400 ft (120 m) in Cline Creek Lakeview Peak quadrangle. A whole-rock incremental-heating
5135000m £ : , 5135 posits of Mount St. Helens volcano ° . . - 40 n 139 ;
e 4 \ 1\\\1‘ }L o area. Maximum thickness approximately 50 m. Locally contains Ar/*°Ar age of 38.8+0.3 Ma was obtained from basalt flow south
A ( / Ql I . ) sparse plagioclase microphenocrysts less than 1 mm long in an of Silver Lake (table 2)
‘ I \ N = Qsl | Deposits of 1980 lahars (Holocene)—Flat-surfaced, unconsolidated, intersertal to intergranular groundmass of lathlike plagioclase,
\ i 0002 —| o g light-gray to light-brown, crudely stratified to unstratified, granular clinopyroxene, skeletal Fe-Ti oxide crystals, and scarce Tts | Pumice-lapilli tuff of Sucker Creek (Eocene)—Massive, dacitic
i o unsorted to poorly sorted, matrix-supported volcanic diamicton uant olivine arains in abundant dark glass. Textures essentiall . - '
L i ot - : €q 9 giass. y pumice-lapilli tuff composed of angular, equant, pale-yellow
I Qe deposited during afternoon of May 18, 1980 by lahar generated on identical to those described by Long and Wood (1986) for basalt : i - : -
L ; . ; y g pumice lapilli as large as 6 cm across in martix of light-gray ash.
Qls debris avalanche in North Fork Toutle River. Generally less than 2 flows on the Columbia Plateau. Chemical compositions (table 1) . o
Z ; : ; ; . p Crops out sporadically beneath Basalt of Wolf Point in upper
o os m thick. Consist of angular to subangular pebbles dispersed in are typical of low-TiO, basaltic andesites of the Grande Ronde . X . :
= Q ) abundant matrix of silt and sand. Diverse clast composition ! 2 Ma ‘ Sucker Creek drainage southeast of Silver Lake. Lithologically
7 _ Qf o. ¢ > ) . ; ' Formation of the Columbia River Basalt Group (Mangan and i mi i i
/ 0.015 a includes basalt andesite. dacite. and pumice from pre-eruption : similar to Cline Creek Tuff Member of Toutle Formation, but lacks
5134 (. v 5134 S edifi l-rounded clasts of . Iaf? alluvi P paied others, 1986; Beeson and others, 1989; Reidel and others, 1989); hypersthene and contains higher proportion of lithic clasts
[ ) 0050 — Qsa g Imice, well-rounded clasts of pre-lanar alluvium incorpor differences are within normal intraflow variation (Mangan and
< during transport, and less than 2 percent of juvenile, blue-gray, others, 1986), suggesting that all outcrops in this quadrangle are . _ _ .
& N microvesicular blast dacite (Scott, 1988b). Locally underlain by 0.5 remnants of a single flow. The relatively high MgO contents (about Tvs Volcaniclastic sedimentary rocks (Eocene)—Poorly exposed sections
J Qlh m or less of crudely stratified sand, silt, and granules deposited by 4.4 wt percent) and normal magnetic polarity (J.T. Hagstrum, oral of volcanic sandstone, siltstone, conglomerate, and lapilli tuff in
,} / IaharTrunout phase of lahar generated in South Fork Toutle Rlver_ln commun., 1999) indicate flow belongs to the informal Sentinel sou_thwestern part of quadrangle; I|_tholog|cally similar t_o
<) . 4 2 Unconformity morning of May 18, 1980 (Scott, 1988b). In most places, deposits Bluffs unit of Reidel and others (1989). “Ar/%°Ar age sedimentary rocks of the Toutle Formation. Interpreted as debris
; ¢ :_\ BEDROCK have been tr_loroughly reyvor_ked_ by.pos_t-eruptlon fluvial processes; determinations by Long and Duncan (1982, cited as personal erode_d from older and_ penecontemppraneous vol'canoes' and
/‘/. \ W Volcanic and sedimentary rocks shown on this map is their distribution in June, 1980 commun. in Reidel and others, 1989) from this unit on Columbia dgposﬂed by nprmal f_IuwaI anq lacustrine processes in mgdlal 'Fo
AT WAL 0000 T = Plateau indicate age of 15.6+0.2 Ma distal volcanic settings. Minor, unmappable volcaniclastic
5133 . I\ ég'ggfs Tw } §§§ Qsp Deposits of Pine Creek eruptive period of the Spirit Lake eruptive ?;Eilt):??s;vae:e scattered throughout flow-dominated area south of
1 \\ A Unconformity 5 e stage (Holocene)—Sequence of light- to medium-gray, Tahg | Andesite of Hollywood Gor ge (Eocene)—Flow or shallow sill of dark-
,\; unconsolidated, generally unstratified, rr_\oderately well sortt_ad to gray to black, platy to columnar-jointed, coarsely porphyritic, _ _
= < unsorted lahar and lahar-runout deposits that form prominent hypersthene-augite andesite in northeast quadrant of quadrangle. Tmt Mafic tuff (Eocene)—Massive to bedded, moderately to poorly sorted,
B Q‘\:‘ 156 — Tars } % terraces with surface elevations between about 200 and 340 ft (60 Forms near-vertical cliffs as high as 60 m along Toutle River at well-indurated mafic tuff and lapilli tuff associated with basalt and
h\/\ Unconformity o and_lOO m) along Toutle River; S|m|llar deposits underlie relatively Hollywood Gorge and can be traced east of quadrangle to \t/)vasaltr:c ande3|:le flow_s in soILIJthV\_/ers]tzrn part Iof q;;_adrangllle.
M\* ur!dlssgcted surface at east end of Silver Lake. As much as 15 m confiuence of North and South Forks of Toutle River near village eat er_s to characteristic yellowish-brown color. Texturally
L+~ thick in broad valley segment northeast of Hollywood Gorge. of Toutle. Consists of phenocrysts of plagioclase (25-35 percent, variable; some beds are monolithologic and consist almost entirely
A [ =’§§ Intrusive rocks om Lahar deposits consist of subangular to well-rounded pebbles and 2 to 6 mm long), augite (6-8 percent, 1 to 6 mm across), and of zeolitized scoria, whereas others are heterogeneous and contain
o . . . . )
Vﬂh;ﬂg — N g g cobblgs dispersed in a mat_rlx of _S|Ity sar)d, compared to lahar hypersthene (5-7 percent, 1 to 5 mm long) and Fe-Ti oxide (1-2 a variety of angular, variably phyric, nonvesicular to scoriaceous
5132 [ \,;&;{.} AR \ 5132 - § @ deposits, lahar-runout deposits are finer grained, better sorted, and percent; <0.5 mm across) in hyalopilitic to cryptocrystalline mafic clasts. Persistent traces of quartz, green hornblende, and
~ \< [ \ ® may be crudely stratified (Scott, 1988b). The well-rounded nature groundmass. Unconformably overlies Toutle Formation; contact muscovite, presumably derived from underlying arkosic sand of the
N hi I ' \««f\f of many clasts indicates the Iahars grew by incorporating alluvium relations indicate unit in much of this quadrangle is a thick Cowlitz Formation, suggests the tuffs are hyaloclastites formed by
A~ P \ At B b wn as they traveled beyond the volcano flanks (Scott, 1988a, b, 1989). invasive flow that burrowed into unconsolidated Toutle mixing of quenched basaltic magma with water-saturated sand
g e ‘2. \ 'ﬁ »Ho — 345£05 ¢ Most clasts are Mount St. Helens-erupted dacites, including Formation sediments. Considered by Roberts (1958) to be during phreatomagmatic eruptions. Some tuff beds are vesicular,
fh 1IN \_\’;\\/\/( Unconformity abundant light-gray to pink, coarsely porphyritic, hypersthene- Miocene in age; however, a plagioclase K-Ar age of 34.5+0.5 Ma also consistent with a phreatomagmatic origin (Lorenz, 1974).
5l A | ‘\‘\r o hornblende dacite of the type characteristic of Pine Creek-age was obtained b)’/ Phillips and others (1986) on a sample collected Vesicles and pore spaces filled by zeolites (most commonly
! ) i L i . . i . .
;}J/ ’ N N 370 — I|th|c_ pyroclastic fllow deposits (Crandell and Mullineaux, 19_73, near Hollywood Gorge, and an “°Ar/3%Ar age of 35.2+0.3 Ma was heulandite), clay minerals, and carbonate
= ron- { i RN il (\\ B B Mullineaux, 1996; M.A. Clynne, oral commun., 1999). Pumice obtained from plagioclase separated from this unit near village of
s DN A e Sl T e e ; 10 374£02 1 clasts (as large as 30 cm) of similar mineralogy and clasts of Toutle (R. Fleck, oral commun., 1999, confirming a late Eocene Tk Basalt of Kalama River (Eocene)—Flows and zeolitic flow breccia of
51312 = . ; @ lL/ 5131 Tertiary volcanic rocks also common, but mafic rocks of the kl_nd age) variably vesicular, coarsely porphyritic to glomerophyric,
20 g — /@ & % 20 m erupted at Mount St. Helens during the Castle Creek eruptive olivine+plagioclasetaugite-phyric basalt. Crops out near west
f & eriod are absent. Unit comprises deposits of four lahars emplaced
Ttob J 2’ p a8 388+03 —f* Twp Tha § P ; ; B P P Toutle Formation (Eocene)—Heterogeneous volcaniclastic unit com- boundary of quadrangle sc_)uth of State Route 504. Composed of
Sy 4572 : Qsp 4N o in rapid succession about 2,500 radiocarbon yrs b.p., near the end X ; blocky, weakly zoned plagioclase (10-25 percent; 2 to 6 mm long)
T L 5 H ° 4 ’ ) ; ; ; ; posed of light-green to dark-olive-brown, well-bedded, poorly o ' . !
=% . of the Pine Creek eruptive period (Scott, 1989). The first of these ) ) : . <
i <58 y 9 ] i ; ; sorted volcanic sandstone, siltstone, and claystone, pebble to olivine (2-4 percent; 1 to 3 mm across), and, rarely, augite (s2
S ——— = ;_fﬁ Tts (PC 1) was the largest lahar in the history of the Toutle River » Siitstone, ystone, p percent: 0.5 mm across) phenocrysts in an intergranular, commonly
AR s ; watershed. This lahar. initiated by failure of a debris dam at Spirit cobble conglomerate, tuff, lapilli tuff, tuff breccia, and coal ) e : o
) i~ 7z ( AR : ' y ) P! mapped as Toutle Formation by Roberts (1958). As much as 175 m diktytaxitic groundmass of the same minerals plus Fe-Ti oxide.
N oAb G T e ) Tvs Lake, moved down the North Fork Toutle River, backed up behind apped as : : y -AST _ Chemically these basalts are low-potassium tholeiites similar to
8 5 (o= 2Pl i ; ; of volcaniclastic sedimentary rocks are exposed in roadcuts in ) . .
=\ | > N7l 390 — a constricted reach of the river at Coalbank Rapids, and dammed _ : ) mid-ocean-ridge basalt. Presumably they are distal parts of flows
\ e — == ) Tmt Outlet Creek, thus forming Silver Lake (Crandell, 1987; Scott valley of Cline Creek and in nearby banks of Toutle River. Lower L ) . e .
\ W Tk ' g - i ' " ' art of Cline Creek section consists largelv of texturally and originating from the east where this unit is much thicker (Evarts
5130 L - 1988a, 1989). A characteristic constituent of PC 1 deposits are P o X gely y and Ashley, 1990a, 1991, 1992: Evarts and Swanson, 1994)
' > b |G Te megaclasts of brecciated, hydrothermally-altered dacite eroded compositionally immature sandstone and conglomerate composed ’ ' ' '
from the debris dam (Scott, 1988a). Along the Toutle River, PC 1 chiefly of volcanic I.|th|c clasts petrographically similar to Cowlitz F on (E Bluish lowish heri
K-Ar and *“Ar/*Ar ages shown in Ma are from table 2 contains subangular blocks, commonly 2 to 5 m across, of black interbedded lava flows; sandstone framework grains also include e 0"‘; I't;bl ormaﬁ'lonb( dc:jce;e)— uish-gray, yeliowis I—gray-weatt) zr(;ng’
2Age of epoch boundaries from time scale of Berggren and others (1995) porphyritic andesite (unit Tahg) that were incorporated into the plagioclase, Fe-Ti oxide, and pyro_xehe crystals, pumice, vitric ash, ri y e, It in-be Ie toed n}gsswe, cgdmmon Y Ei:dross edded,
lahar from landslide and talus deposits at Coalbank Rapids and in rare quartz, and sparse plant remains; a few sandstone beds contain D P o ol drafee, nonmerine
Hollywood Gorge. Lower parts of some terraces mapped as this a poc.>rly preserved_ shallqw-manne molluscan megafagng (Roberts, m'IC aCE%OIIJS ar OS'S =an ston;: and sl tstone(,j Inter d .IW't esse(;
unit may include older deposits emplaced during Swift Creek and 1958; May, 1980); massive, green, poorly sorted lapilli tuff beds volcaniclastic and (or) carbonaceous sandstone and siltstone an
DESCRIPTION OF MAP UNITS Cougar eruptive stages within the lowest part of formation well exposed in banks of Toutle local thin beds of low-rank coal. Poorly exposed beneath
River near Tower Road bridge. Upper part of Cline Creek section volcanogenic rocks in small area near southwestern corner of
°29 . . ) ) i i consists of generally finer grained deposits representing fluvial, guadrangle, but about 800 m of formation crops out immediately
SURFICIAL DEPOSITS Qss Deposits of valft_Creek eruptive stage (Pleistocene)—Stratigraphically lacustrine, and paludal environments; uppermost 50 m of this west of quadrangle boundary (Roberts, 1958). Arkosic beds consist
- complex section of unconsolidated pebbly to bouldery lahar, |ahar- section contains beds of dark-bluish-gray, white- to yellowish- of angular grains of quartz, plagioclase, potassium-feldspar, Fe-Ti
§ S Alluvial and mass wastage deposits runout, and aluvial deposits forming variably dissected terraces gray- to pale-brown-weathering, high-alumina clay with nodules oxide, muscovite, carbonaceous matter, and fine-grained granitic
2 9 along Toutle River with surface elevations between about 240 to and seams of siderite, interbedded with lignite seams as much as 2 and metamorphic rock; heavy mineral suite includes biotite, green
5 L'_T'; Alluvium (Holocene)—Unconsolidated, poorly to moderately well 3660 ft.§75 totl;O m), about 12 g'gger than P';ﬁ CLEEk terrs?cesf. m thick. Galvinian marine fauna from Cline Creek area and and brown hornblende, epidote, zircon, apatite, garnet, tourmaline,
3 sorted deposits of mud, silt, sand, and fine gravel in valley bottoms EposILS contain rare pumice clasts bearing small phenocrysts o Kummerian fossil flora from localities in this and adjacent titanite, augite, and kyanite. Cemented by calcite or limonite.
of small active streams hornblende, hypersthene, and augite, consistent with tephra set Jg, quadrangles are consistent with a late Eocene age (Roberts, 1958; Inferred source areas for arkosic sandstones are pre-Tertiary
erupted sometime between 10,500 and 12,000 radiocarbon years May, 1980; Wolfe, 1981). Locally includes: plutonic and metamorphic terranes in ldaho and northern
5 Talus deposits (Hol 4 Plist | Unsorted - ago (Mullllneauxt,) 1ﬁ9$), and exhépn proncgjl\r;(;edcsmlkdevelo(psrcnent Washington (Heller and others, 1987; Vance, 1989; Brandon and
5128 5128 ! alus geposits (Rolocene and Fielstocene)—Lnsorted accumutations in upper 1 m; both Teatures indicate a Swilt Creex age (Scott, - - : i Vance, 1992). Grades westward into beds containing late Eocene
of loose, angular blocks, some as large as 10 m across, lying 1989). May locally include deposits of the Cougar and Spirit Lake - Basaltic andesite flows— Isolated flows of basaltic andesite similar marine fauna)s (Roberts, 1958; Payne, 1998) °
beneath cliffs of porphyritic andesite (unit Tahg) in Hollywood eruptive stages, especially downstream from Hollywood Gorge to those of unit Tba
Gorge reach of Toutle River and near northeast end of Silver Lake. Contact—Dashed wh imatelv located: short-dashed wh
i i : : " : . ontact—Dashed where approximately located; short-dashed where
crosion or falure. of nonresisint aubjacent. volcanolast Qsa_| Deposts of Ape Canyon eruptive stage (Pleistocene)—Poorly exposed T T e M assive dacitic Dumice-lapi it infered: dotted where Gonceslod
] VL . . . moderately weathered, unconsolidated laharic and alluvial deposits composed of angular, equant, pale-yellow pumice lapilli as large as
Q) = 72 iﬁ - \\\\\f o sedimentary rocks of the Toutle Formation (unit Tto) forming dissected terrace remnants along Toutle River with surface 6 cm across in martix of light-gray ash. Bed as thick as 16 m N _
TION T S P, ) ] . ; ; forms cliffy outcrops about 60 m above base of formation east of —1—== Fault—Dashed where approximately located; short-dashed where
TN [ 7 v T elevations ranging from about 300 to 450 ft (90 to 140 m). Include X ) . ) _ - i
2 N \\\/{ / /\ J) L& Qs | Landslide deposits (Holocene and Pleistocene)—Diamictons composed light colored sand and fine gravel containing lithic and pumiceous mouth of Cline Creek. Indurated but not welded; angular to Inferred; dotted where concealed; queried where very uncertain.
/ﬂ\r \ K/}?—J)’ {r” -~ /9EAQURS of surficial material and (or) bedrock debris transported down- clasts as large as 10 cm across of light-gray, light brownish-gray, rounded lithic clasts'as large as 20 cm concentrated m_lqwer meter Ball and bar on downthrown side. Arrows show relative horizontal
S22 N 2R _‘;f// 7 Wf 27 slope. Mapped slides predominantly deep-seated failures ranging and white, coarsely porphyritic quartz- and biotite-phyric dacite of tuff but otherwise sparse. Vitric material exhibits partial movement
@\‘ AN / WA N from more-or-less coherent slumps to internally disrupted rock- lithologically similar to eruptive products of the Ape Canyon replacement by amorphous clay and calcite, but unit is exceptional
: = I~ = o avalanche deposits. Large landslide immediately west of Holly- eruptive stage of Mount St. Helens (Crandell, 1987; Scott, 1989; in that glass has not been pervasively altered to green smectite as Strike and dip of beds
i wood Gorge has well-developed hummocky surface littered with Mullineaux, 1996). As mapped, unit also includes pebble and in most tuffaceous rocks of area. Pumice clasts contain about 5 K Inclined
blocks of Grande Ronde Basalt (unit Tgrs) as large as 10 m across. cobble gravels composed chiefly of Tertiary volcanic clasts but in percent of blacky, commonly broken, plagioclase phenocrysts 1 to D Horizontal
Most slides result from failure of weathered or poorly consolidat- which biotite-bearing dacite forms a minor but persistent 2 mm across and less than 1 percent each augite and hypersthene
ed sedimentary rocks (units Tvs, Tto, Tc, and Tmt). Unmapped component; these beds may be outwash deposits of the Hayden crystals 0.5 to 1 mm across. Roberts (1958) considered unit water- » . . . o . -
17'30" 17'30" small or shallow-seated landslides may exist in some areas, par- Creek Drift of Crandell and Miller (1974) and predate the main laid 'bUt its poorly sqrted texture resembles subaenally emplaced 12 Strikeand dip of compaction foliation in pumiceous lapilli tuff
ticularly those underlain by the Wilkes Formation period of Ape Canyon activity (about 50 to 36 ka) inferred from pumice-flow deposits. Plagioclase from tuff yielded an
5106 radiocarbon ages obtained near Mount St. Helens (Crandell, 1987; incremental-heating “Ar/Ar age of 37.4£0.2 Ma (table 2) 2 strikeand dip of platy parting in lava flows
Q | Lake deposits (Holocene)—Organic-rich sand, silt, and clay deposits Scott, 1989). Alternatively, the biotite-bearing dacite may have _ _ _ _
peripheral to Silver Lake come from Goat Mountain, a glaciated plug-dome |mmgd|a1ely Tha Basaltic aqde5|te (Eocene)—Massn_/e to plaly.f!ows and f_Iow-brecc!a *.,  Samplelocality for chemical analysis—See table 1
west of Mount St. Helens (Evarts and Ashley, 1990b), which has of medium- to dark-gray, aphyric, porphyritic, and seriate basaltic
. . . been dated by the K-Ar technique at 296 + 7 ka (M.A. Clynne, andesite and minor basalt; also includes volcaniclastic strata too . . . L )
Qoa Older alluvium (HoIocene)—U_nconsc_)I|dated, stratified, poorly to written commi/m., 2000) g ( y thin or poorly exposed to map. Sparsely to abundantly phyric flows 38\-8;:0-2 Sample locality for radiometric age determination and agein Ma
moderately well sorted deposits of silt, sand, and gravel, that forms contain phenocrysts of plagioclase (as much as 25 percent; 1 to 3 (+1-cerror)—See table 2
low terrace remnants with surfaces 3 to 8 m above active alluvium ; . ' '
of Toutle River; older than active alluvium (Qa). Dominated by BEDROCK rarely to 8 mm long) and, in most samples, augite (mostly < 1 M-7 . .
1 ded clasts of Mount St. Helens-derived dacite. basalt. and percent; 0.5 to 2 mm across; may exhibit sector-zoning), with or X M egafauna (M) and plant fossil (P) localities from Roberts (1958)
\;vnede;sri?énbut Clocalsl ; coﬁ:jari]n s'ign(ief(iegjnte;;/oportei‘colne’of Ter’ti?y S . without olivine (<1 percent; 0.5 to 2 mm across; replaced by
ntrusive rocks ; . ;
: ; S2 - ; smectite or carbonate; commonly partly resorbed and rimmed b o :
25 rocks. Presence of mafic clasts indicates deposition during or after fine-glrajned granular pyroxeneznfagngtite' may conta;n minut}(; X Clay pit in Toutle Formation
Caﬂ;;r eek_ eruptive petr |o_d f(ICran(fjell,l 1937%;;?"%%5 may ;teflect - Diorite (Eocene or Oligocene)—Aphanitic intergranular pyroxene chromite inclusions); hypersthene phenocrysts (<1 percent; 0.5 mm ) ) ) ) ) )
ggg_r (l,ggtlm E:espoknse do n w}i; Vo canlct_ Ic a¢ r:js uﬁ r(z\lalm diorite form small intrusive body of unknown configuration near long) are rare. Groundmass textures are intergranular, microphyric, R Site of coal mine or prospect in Cowlitz Formation, approximately
urlnged .tﬁ 19r8eoe|ahan d(or)'t ama eruptive periods. Localy southwest corner of quadrangle. Composed of plagioclase (63 or (rarely) intersertal, commonly display strongly flow-aligned located
veneered wi ar depos percent, 1 mm across), augite (20 percent, 0.5 to 1 mm across), feldspar and streaky zones of interstitial glass (altered to smectite); i
hypersthene (9 percent; 1 mm across), Fe-Ti oxide (1.5 percent; 0.5 some flows have a dark, nearly cryptocrystalline groundmass with 2220 122°4500
Qf Cataclysmic flood deposits (Pleistocene)—Approximately 0.5 m-thick mm across) and interstitial smectite with trace brown hornblende. abundant very fine grained Fe-Ti oxide. Flows in this unit have 2
deposit of unconsolidated, massive, light-brown silt overlying Chemistry does not resemble that of any extrusive rock in relatively high TiO, contents (>1.80 wt percent) compared to most = N/
Ape Canyon-age alluvium in lower Stankey Creek at elevation of quadrangle basaltic andesite flows in the southern Washington Cascade Range g 5 ;e
5194 approximately 230 ft (70 m). Composed largely of quartz, < oy 19 ek
fe]dspar, and conspicuous muscovite, indicative qf a Columbia Volcanic and sedimentary rocks Ta Andesite (Eocene)—Minor flows and flow breccia of medium- to dark- Q OF ‘
River provenance. Interpreted as slackwater deposits of colossal gray, platy, sparsely phyric andesite; found only in Stankey Creek y/
450000 jokulhlaups initiated by failure of ice dam at Pleistocene Lake . ) . . . . and horth (;f Sucker Creek Contains’ henocrysts of plagioclase (<3 . y
FEET] ' Missoula in Idaho and Montana (Bretz, 1925, 1969; Allison, Tw Wilkes Formation (Miocene and Pliocene?)—Varicolored, thick- . . p y plag ( \
B 1978: Baker and Bunker, 1985: Waitt, 1985, 1994; Allen and bedded to finely laminated, semiconsolidated, nonmarine, per(_:ent, generally S 1mm long but as long as 3_mm In so.meflows), ¢ =
\re others, 1986; O'Connor and Baker, 1992). Sediment-laden tuffaceous claystone, siltstone, and sandstone, with minor pebble augite (<1 percent; <0.5 mm across), FeTi-oxide (trace; <0.5 mm
‘m = ' S i 0 . Fani ; e across), and locally olivine (trace; <0.5 mm across; altered to
! Lt ' § floodwaters pouring down the Columbia River washed up into Conglomerate, I|gn|te, and airfall tuff. Unoxidized strata are pale 1 X i b !
Sl ~ ¥ |[ e P 9 P i ; smectite) in strongly flow-foliated intergranular groundmass of
N S 7 R 5 lower Cowlitz River valley and its tributaries and deposited green to bluish gray; weathers white to pale yellow to dark brown; ) S ; o
A\ ‘,-'-L’-“-" 3 Y P ; ; ; ; i £ feldspar, augite, FeTi-oxides, and interstitial glass (altered to
’ \ r,,\ h \\\\\ L \\‘\K R - suspended sediment load before receding (Waitt, 1985; Scott, commonly mottled and limonite stained. Owing to weakly lithified smectite) ' '
5123 Tt / \ﬁ { e oA AU SO W — 5123 1989). Radiocarbon ages and tephrochronologic data indicate character, poorly exposed except in fresh roadcuts. Sandy beds
[ R ; = 3 i \\W \&X//// N fa}}’ o N A\\\E; >§\ floods occurred between about 15.5 and 12.7 ka (Waitt, 1994) generally poorly sorted, clayey, commonly crossbedded; originally
B = . 5 i . 1\\ V\ Ve O R N % V(e /S\ ash-rich beds converted to plastic smectitic or kaolinitic clay. Twp Basalt of Wolf Point (Eocene)—Massive to platy, medium- to dark-
r/f;—q ’p\ i /\\ ) | NN \\\\a 5% \ I g q L Hill F i Pleist U lidated delv bedded Claystone and siltstone commonly carbonaceous with abundant gray, orange- to red-weathering, porphyritic to seriate, locally
f N G =IO éj = :/{///Jw \% Qlh oggn II O;Imha'egn( ”e| .Ozenf)_edg?ohnzo' ,c(;u aetyl ted’ plant debris. Conglomerates contain well-rounded pebbles of vesicular or diktytaxitic basalt and basaltic andesite flows and flow
i — = = N S o \ / F«:’_‘ — (91 SN teep ?II weteder b'b)lle 0\(/jws l;)blo r ISI ) rt(.;wn., mo erd er SO; aphyric and porphyritic intermediate to felsic volcanic rocks in a breccia containing conspicuous olivine as the only or most
A 7 :\>.> (;IWE -sort gle € ant C; | egtr_aveialn mag]ortsggo .ft 02u0no as sandy matrix. Typical sandstone composed of volcanic rock abundant phenocryst phase. Individual flows generally about 4 to 7
r / M y P (i Y erols_lc;n r;amnan Sth e;avs_ I|ons L(;?W (;)u st of (St km) fragments, plagioclase, quartz, magnetite, hornblende, and minor m thick; maximum total thickness in this quadrangle at least 190
== ‘ p <c):n cl)(w-rednle zjulr ace nor d of. IWV?Irk H('el Ian Oe I 0 di antz biotite and augite; some sandstone micaceous and arkosic, possibly m. Olivine phenocrysts (commonly 5 to 15 percent; mostly <lmm
2\ T (/ re}e ' anf ggj y capsbgdgeskln VIV'IekS 'FS' a;/_er !es |ss§c comprising material reworked from Cowlitz Formation. but a few as large as 3 mm) show minor to total replacement by
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