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DESCRIPTION OF MAP UNITS

clay, and clasts of White Chuck vitric welded tuff; varies from massive
to weakly normally graded near the top to symmetrically coarse-tail

Deposits of the Possession Glaciation

W5\ Information for the unit descriptions was compiled from the sources listed at the end of . . . Older till (Pleistocene) (cross sections only)—Clay, silt, sand, and gravel in
/ AN 776 . . . . . . graded; contains thin reworked (?) ash beds at the base (this study; ot . . : .
- | e ] each description. The classification schemes we use are described in Dragovich and . . . various proportions, with scattered cobbles and boulders; may locally include
% ~ S N T IO . . . . Beget, 1981; J. D. Dragovich, DGER, unpublished data). Field and . . . . . .
> others (2002d). Contact joe.dragovich@wadnr.gov for more detailed information. . N . . . Vashon advance glaciolacustrine deposits; correlation with the Possession
\ i subsurface information indicates lahar thickness is laterally variable, S . N . .
| N 4 ~Qls” % . . Glaciation based on stratigraphic thickness is tentative.
N \ 8 . S ~ YQgtys , . _ ranging from about 5 ft to 50 ft (cross section A).
Z = (0. .| \ YA S Quaternary Sedimentary and Volcanic Deposits . . )
% NN Cptaeeea. . Ec { Qaf = o Older outwash (Pleistocene) (cross sections only)—Sand and (or) gravel;
~~ VA 5 3 : -\ , 2 HOLOCENE NONGLACIAL DEPOSITS PLEISTOCENE GLACIAL AND NONGLACIAL DEPOSITS occurs directly below unit ot and may correspond to the Possession outwash or
IR e G\ Deor| PN 4 . Surficial deposits, undivided (Quaternary) (cross sections only)—Surficial Deposits of the Fraser Glaciation older pre-Possession glacial or nonglacial sediments.
- LN - | units that are too thin to delineate separately in cross section. EVERSON INTERSTADE Tertiary Intrusive, Volcanic, and Sedimentary Rocks
— S 1 sl % N Alluvium (Holocene)—Channel alluvial deposits include sand, grayel, and oo Recessional outwash (Pleistocene)—Sand, gravel, and sandy cobble gravel INTRUSIVE ROCKS
% S % N A cobbly gravel; gray; subrounded to rounded .clasts; loose, well s.tratlﬁed, and 9 | it rare boulders; loose; clasts are subrounded and commonly polymictic;
& ™ well sorted; plane-bedded sands common. Fine overbank deposits are mostly contains interlayered thin to laminated beds of sandy silt and silt, particularly - Stock at Granite Lakes of Tabor and others (2002) (Oligocene—Eocene)—
== & Qp loose or soft to stiff, grayish brown to olive-gray stratified sand, silt, clay, and where grading to unit Qgle; non- to well stratified; typically contains meter- : Porphyritic hornblende-clinopyroxene quartz diorite; light greenish gray and
b\%‘:) < o NG \ peat and muck deposits (similar to unit Qp). Stillaguamish River gravels and thick, subhorizontal beds normally crudely defined by variations in cobble, weathered to light olive brown; contains subhedral to euhedral blocky
ig Q@‘\ cobbles locally contain gray or reddish gray Glacier Peak dacite clasts gravel, and sand content. Pebble imbrication, scour, and local low-amplitude plagioclase (20-70%, 0.04 to 0.2 in.), subhedral to euhedral lath-shaped brown
S &\~ (5-20%); other clasts are phyllite, slate, other metasediments, greenstone, trough and other cross-bedding features indicate deposition in braided river hornblende (10-15%, 0.08 to 0.3 in.), subhedral to anhedral biotite (0-10%,
Y granite, pegmatite, gneiss, vein quartz, schist, chert, conglomerate, sandstone, and deltaic environments. Some deposits were isolated ice-contact deposits as 0.04 to 0.11 in.), and anhedral and commonly poikilitic interstitial quartz (1-
AN Granite Lake Potholes—— 5 and siltstone. Alluvium is generally thin in the study area (<25 ft thick). Peat indicated by the occurrence of rare flow and (or) ablation till lenses and near- 10%, 0.04 to 0.11 in.); hornblende is frequently corroded and partially
) Q o f ) (unit Qp) is deposited primarily in alluvial settings and is mapped both in ice sedimentary structures. Clast types are dominantly polymictic gravel with a replaced by chlorite or stilpnomelane, quartz, and magnetite; plagioclase
Q S Df\ conspicuous abandoned channels. within floodplains an.d in poorly drained . mixed local (phyllite and greenstone) and Canadian to eastern (granite and e.xhibits both pormal zon%ng (g.enc.erally with 1abradorite cores and an.desine
X (o .. . b o upland marsh or pond areas. Radiocarbon ages from sticks in peat and organic high-grade metamorphic clasts) provenance. The unit locally contains rip-up rims) and oscillatory zoning; biotite occurs as an interstitial phase with quartz
— '. o - Wo 0 & ~ sediments yield ages of less than 600 yr B.P. and of 2,270 +60 yr B.P. near the clasts of glacial lake silt deposits. Gravel deposits are typically poor in Glacier and opaque minerals and is locally altered to chlorite; other alteration minerals
8 08iq e @ v~ study area (Dragovich and others, 2002a,b, 2003). Peak dacite and (or) pumice clasts (0-5%); however, some of the outwash include quartz, carbonate, pumpellyite, actinolite, sericite, and epidote;
Eiq gty ? 7 : /> BE T > . . . .
0 ) \ / Older alluvium (Holocene)—Cobble gravel, sand, and gravel with minor silt sands and gravels south of the Stillaguamish River and east-southeast of the {)ota.smlu m felcilsp an .'f atite, ar}ﬁ zireon are a}(l:cefs sory mm?ral.s. Severﬁl 1
e : ) Nl .nd clay interbeds; gray; subrounded to rounded; loose, well stratified, and study area may locally interfinger with the White Chuck assemblage along the enticular satellite dikes and sills occur north of Mount Higgins. Bechte
q 5 ’, : . 7. . ’ i i i i : - O+ i .
N\ /, ,/‘& well sorted; clasts include greenstone, greenschist, granite, gneiss, schist, southern margin of the Stlllaggamlsh Valley (Dragovich and others, 2002a,b., J. 511?79) .re[lf)rts aK Afr horrllkiler]i:de age tof 5310 081.Ma (site 921 'Oﬂlleil ag?,e8 <70
18 | 4 dacite, pumice, phyllite, slate, vein quartz, chert, quartzite, sandstone, and D. Dragovich, DGER, unpublished data). Locally abundant dacite boulders in cterminations vary from fate tocene to carly Ulgocene and melude 5o. .
SN\ siltstone: separated from the modern Still ish valley floodplain b the French Creek and Boulder River channels are probably eroded from a Ma (K-Ar hornblende, site 10), 36.7 +4.0 Ma (K-Ar hornblende, site 11), 30.2
o NN\ /) A ; separated from the modern Stillaguamish valley floodplain by ) > ' . 43,5 Ma (7 fission-track. site 11) (Tab d others. 2002). The plut
055 = RN 7 distinct topographic scarps (~5-40 ft high); occurs locally as a thin mantle (1- nearby (but unobserved) lahar deposit overlying or interbedded with -3 Ma (zircon fission-track, site 11) (Tabor and others, )- The pluton
& Z > . . . . . 1 1 1
R gt 10 ft thick) on Vashon Stade or Everson Interstade glacial deposits exposed in recessional deposits. Locally divided into: may b.e an Intrusive source for late Eocene volcanic rocks '(.md hyp al.)yssal
5 v N Ec () vallev bottoms and is separated from the underlvine elacial deposits by a ) intrusive bodies. The stock intrudes the Chuckanut Formation, causing contact
4 ¢ Y S 5P JCCTYINg & P Y Qao Gravel—Sandy gravel and cobble gravel; locally contains beds of fine metamorphism and hydrothermal alteration of the nearby country rock (site
o ®) \ ¢ D scoured surface. Unit Qoa postdates recessional outwash but age relations are 90Ge sand to silty fine sand typically 1 to 5 ft thick: loose: subaneular to .
\ \ b N\ . . hioher elevation localiti . o ty ypically ) ) g 19) (this study; Cruver, 1981; Jones, 1959; Reller, 1986).
2 19 ; L gty ambiguous in some higher elevation localities. Some unit Qoa deposits have subrounded clasts with mixed local and Canadian provenance and minor . ) N L .
\\ Qrf) ARN _ b : 5 dacite clast content (10-15%) suggestive of reworked Glacier Peak volcanic dacite clasts (typically less than 3%); also includes clasts of greenstone, - Intrusive andesite (Eocene)—Porphyritic andesite dikes and sills; locally
@; T ( . =~ = 0= > sedlme.nts and thl.,ls may repr.esent ﬂuv1a1 deposits stranded during incision granite, meta-argillite, metasandstone, chert, sandstone, volcanic rocks, chemically .dac1t1c to rarely rhyolitic; structurele.ss with rare 1n.tru51ve breccia
Qg%g 2 ,&/ N & - following volcanic aggradation (this study, Tabor and others, 2002). gneiss, vein quartz, phyllite, and rip-up clasts of lake deposits (up to 4 ft and trachytic flow textures; fiark green to greenish gray or blullsh gray and
: { Alluvial fan deposits (Holocene)—Diamicton; massive to weakly stratified,; long); generally crudely subhorizontally stratified and imbricated. weathered to sha(.ies of gray1.Sh to redd1sh brown; phenocrysts 1ncl.ude cuhedral
/ > N 390y 7 Qaf lareely aneular to subaneular. locally derived clasts: mostly poorly sorted ) o ] to subhedral plagioclase (albite to andesine) (30-60%, 0.04 to 0.2 in.), usually
Bl ~ FNR defris}jﬂofv deposits locill ;nodiﬁgd by fluvial rc;cessesylghe d?stinction Qgose | Samd—Sand or pebbly sand; locally contains thin interbeds of silt and with normal or oscillatory zoning, and euhedral to subhedral hornblende (20-
Q Iy o g a between units IC)laf ar;d Qls 1}; at times digﬁcult ang differeniiation is reliant on silty sand; loos'e; clasts are subanguar to- subroqnded; s enerally. ; 30%; 0.08 to 0.24 in.) (regularly altered to chlorite); quartz (up to 3%) occurs
4 sztv B 16 the distinct lobat hol falluvial fan d < Alluvial £ StI'UCt.llI'e.leSS with .SO'I’ﬂe local cross-bedding. Thin-section examination of as microphenocrysts; interstitial biotite occurs locally; other matrix constit-

I.g ..... 0 E 1S ln;: Z ? € geomotl‘{) OtOg}; (o) alluVIS an erf)lostlts' uVl;/ anbst 0cc]~(lir sand lndICateS a dl'St]nCt lOCal clast Component (for' example, SUbangular uents include p]agloclase mlcrolites’ Chlorlte’ and opaque minerals; common
= S = Zvr:;ieolégrlign Zr:a;rflsgsg 410 izoonr (])3\;:1 f:(})]m gﬁzcocfal ?n ;er;e;'lt (sei tz 5? e serpentinite, phy'lllte, and s1llca—ca}rbonate rock) mixed with far—traveled alteration minerals include disseminated chlorite, quartz, zeolites, sulfides,
\_/"” . > ~ g ’ yreb ' subrounded detritus (such as granite fragments) probabl.y. derived frqm calcite, and stilpnomelane and sericite (after plagioclase); augite occurs to the

5740 , Vhin - Landslide complexes (Holocene)—Diamicton with soft sand, silt, and (or) the'North Cascade's and (or)'the Coast'Mountalns f’f British Columbia. . east of the study area (Dragovich and others, 2002b). Cordierite in sericitized
70 J ’ 2 clay matrix; contains locally derived, angular to subangular clasts and may Unit ngse df?POSltS are typically fluv1a1 but may include shallow deltaic andesitic tuffs (unit Eva) near unit Eian dikes (site 20) suggests contact
S RN S 9 ! contain some rounded clasts from older Quaternary deposits; poorly sorted and deposits transitional to lake deposits. metamorphism and hydrothermal alteration. This unit is not directly dated but
5 - 85 unstratified; includes deep-seated (slump-earthflows) and shallow (debris Deltaic outwash—Sandy gravel and cobbly sandy gravel; loose; is probably late Eocene and may represent feeder bodies for unit Ev (this
flows and t(?rrents) lan(.islides.. Some 1and§1ides may haV(? b.een initiated during Qgode moderately to well sorted; contains mostly locally derived, angular to S'FUd.Y; Jones,. 1959). Geochemically and petrologically this hypabyssal unit is
removal of ice buttressing during late Pleistocene deglaciation or may be subangular clasts of phyllite, vein quartz, and greenschist. High- similar to unit OEiq.
= o seismically induced (this study; Tabor and others, 2002). amplitude deltaic foreset beds are generally thick, tens of meters high, VOLCANIC ROCKS
N N Talus deposits (Holocene)—Nonsorted angular gravel and boulder gravel to dip about 30 degrees toward the Deer Creek valley, and are indicative of
R N 3 Qt diamicton; includes rock-avalanche, rock-fall and rockslide deposits; locally deltaic deposition into a recessional ice-dammed glacial lake. Facies Oso volcanics of Vance (1957) (Eocene)—Nonmarine rhyolite, andesite,
. B N % N P gradational with unit Qaf or Qls and may include Holocene moraine, rock relations, including fining trends, between deltaic deposits and glacio- basaltic andesite, dacite, and rare basalt; mostly flows with interbedded
3480 5 i glacier, and protalus rampart deposits. Talus surfaces are generally fluvial valley-train outwash (units Qgoge, Qgose, and Qgoe) and glacial pyroclastic deposits and scattered dikes; pyroclastic rocks include vitric crystal
3 | N\ N DEiq o unvegetated; however, older rock avalanche run-out areas are sparsely to lake deposits.(unit Qgle) suggest more widespread deltaic deposits than tuff, crystal lithic tuff, an.d tuff breccia; mostly browni§h red, green, or bluish
: o % e < t completely revegetated mostly by slide alder and similar pioneer plant species. mapped herein. gray and weathered to olive 'brown;. felsic tuffs are whlte, weathered to tan;
S N 0 \ Near Mount Higgins, talus deposits typically merge downslope with rock Recessional glaciolacustrine deposits (Pleistocene)—Clay, silt, sandy silt, plgg1ocla§e phyric locally “./lth. aqg1te and (or) p 1ge9n1te phep ocrysts; frmor
A = = avalanche chutes and (or) depositional aprons containing debris flow deposits. Qdle | 4 sand with local dropstones; gray to light gray to blue-gray; weathered to thin t(ithSCkfl;st of'vol.camc htl}lllc sandstone 3111(11 SLIFS'[OI&C 1(1nclqdlpg )
= S(?me avalanc.he deposns.may have .resulted from seismic activity associated shades of brown; well sorted: loose, soft, or stiff: nonstratified to laminated; Ilzflw(())lrit ee ! I:l(; ba;};gil;szafgtlee-r? gef,?l?fe(;iﬁlrzzi ay lf?(l)?n 2; ;01;1533:2)111% (?al]
Q) Qgt, © with the Darrington—Devils Mountain fault zone (DDMFZ). varve-like rthythmite beds about 0.4 in. thick and laminated beds of silt to sand Yo ie & . 16 ty from apyric Ay
’ common; locally contains ball-and-pillow structures; rare sand dikes; common porphyritic and trachyitic; flows commonly amygdaloidal; alteration minerals
7200 —~ > HOLOCENE AND LATE PLEISTOCENE GLACIER PEAK DEPOSITS ’ y . . p ’ N ’ include disseminated chlorite, calcite, limonite, quartz, prehnite, sulfides, and
! 6 dropstone clast types include granite and greenstone; deposited in glacial lakes . o . L
I 3 =2 = . . L= . . . epidote. The units Eian and OEiq may be feeders for at least part of this unit.
; s \ e Kennedy Creek Assemblage of Beget (1981) impounded by receding glacial ice and locally interfingers with recessional . .
N 2 2 y /w . - . . Sandstone is composed of angular to subrounded clasts of zoned plagioclase,
Qls — . . . outwash. Note that differentiation between advance and recessional glacio- . . . . .
~ . S S——— — Kennedy Creek assemblage deposits originated from Glacier Peak, flowed down the Sauk lacustrine geologic units (units Qgly and Qgle) is difficult where stratigraphic clinopyroxene, quartz, and volcanic fragments in a fine-grained matrix
AN N - o) River valley to the North Fork Stillaguamish River valley 5,100 to 5,400 yr B.P., and osition Sf dime%l t density. and o t%;'r ori ter?aeare ambicuous grap containing ash shards (this study; Jones, 1959; Reller, 1986; Tabor and others,
g < 4 NS cover much of the Stillaguamish valley directly east of the study area (Beget, 1981; p ’ RE J ' 2002). Locally divided into:
— Dragoylch and other, 2002a,b; J. D.' Dragovich, DGER, unpul?hshed 'data). Chargoal VASHON STADE Rhyolite—High-silica rhyolite (site 22: up to 85% SiO2) occurring as
found in a lahar (unit Qvlk) exposed in a road cut near Hazel (site 7) yielded a radio- . . . . . . Evr . o L 1 ..
— . . Till (Pleistocene)—Nonstratified, matrix-supported mixture of clay, silt, sand, thick flows with interbedded vitric tuff, lapilli ash-flow(?) vitric tuff, and
carbon age of 5,020 =100 yr B.P. (Beget, 1981). We obtained a corroborating age of Qgty . : . oy . . . o . .
. . o and gravel in various proportions with disseminated cobbles and boulders; minor pumiceous sandstone; rhyolite is bluish to greenish gray and
5,190 £70 yr B.P. from charcoal in pumiceous flood deposits (site 6). The Kennedy Creek . . . : i .
— . . compact or dense; mottled dark yellowish brown to brownish gray, grayish weathered to shades of yellow, brown, red, or white; porphyritic rhyolite
260 assemblage contains one or more lahars that transformed into hyperconcentrated flood . . . . . : P
W . . . . . blue, or very dark gray; matrix commonly consists of silty fine to coarse sand contains scattered quartz +plagioclase phenocrysts with local sanidine
- deposits downstream as a result of interaction with surface water. Thick hyperconcen- . . .. . . ) . . . "
23 . . . . with or without clay; includes Canadian-provenance and locally derived clasts; phenocrysts in a glassy or cryptocrystalline matrix; quartz (microlitic to
trated flood deposits and only thin lahar deposits are preserved in the study area due to : N . .
. ) . . 7 where overlying bedrock, up to 90 percent of basal clasts are excavated from 0.12 in.) is smokey and varies from euhedral to anhedral with some
> this transformation (cross section A). (See Pierson and Scott, 1985, for similar Mount St. . . . . . .
9 Helens lahar run-out deposits.) underlying bedrock; generally a few yards thick, but can range from a resorption features; plagioclase is euhedral to subhedral; glass is
p ' discontinuous veneer to several tens of yards; forms a patchy cover over much regularly spherulitic and varies from clear to highly altered; lapilli tuff
Qus Volcanic sediments, undivided (Holocene)—Dacite-rich hyperconcentrated of the study area; overlies bedrock in elevated alpine settings but forms a clasts consist mostly of pumice; secondary minerals include chlorite,
“ | flood deposits and volcanic alluvium including pumiceous silt flood deposits; conformable layer in glacial-terrace and low valley-bottom settings and thus epidote, calcite, sericite, and vesicle-filling quartz; trachytoid textures
— S . T33N consists of medium- to coarse-grained sand and thick beds of gravelly sand mantles topography (cross sections A and B); consists largely of lodgment till are common; bedding is obscure except where stretched vesicles, flow
. E—— N T32N and cobbly sandy gravel; loose and moderately sorted; locally contains lahar but may locally include flow till. banding, or flattened pumice fiamme in welded lapilli tuff define a
f‘ . . . . . . . . . . . .
T32N = Z 220 = beds (51m11ar. to unit Qvlk) that are too tl'nn to s'eparate at map scale; reworked Advance outwash (Pleistocene)—Medium to coarse sand, pebbly sand, and primary foliation (this study; Jones, 1959; Reller, 1?86, Tabqr and
124 terrace-capping ash with scattered pumice lapilli probably represents one or . others, 2002). Tabor and others (2002) obtained a zircon fission-track
<L = - . . . . . sandy gravel with scattered lenses and layers of pebble-cobble gravel; locally . . . .
d > $ more waning flood deposits. Clasts include 70 to 90 percent light to medium . . . age of 35.2 +£3.5 Ma (site 13). Lovseth (1975) obtained a zircon fission-
~ 10 . . . . contains sand, silt, and clay interbeds; well sorted; compact or dense; clasts
< gray dacite locally with scattered pale red to dark reddish gray dacite. . . ; track age of 41.5 +£3.4 Ma (late Eocene) west of the study area.
= - < —— . o . consist mostly of Canadian-provenance rock types, some locally derived rock
< == =] — = Stratigraphy and clast compositions indicate both fluvial and hyperconcen- . . . . . . . . . . L
/ Qgoe \_ _so— | , trated flood depositional mechanisms for the nonlaharic sediments. Locall types, and little or no Glacier Peak dacite; subhorizontal bedding or cross- Eva Andesite—Andesite with some basaltic andesite, minor interbedded
! /' et Gl | divided into: p ' Y stratification prominent; contains localized cut-and-fill structures and trough basalt (50.6% SiOp; site 24) and tuff, and rare volcanic lithic sandstone
\ I - \. ‘ ' and ripple cross-beds; commonly overlain by unit Qgty along a sharp contact; and argillite; typically occurs as dikes or thick flows with interbedded
A Qv Non-cohesive lahar (cross sections only)—Silty sandy gravel to interfingers with, conformably overlies, or is complexly interlayered with unit vitric or crystal vitric tuff; bedding generally obscure; andesite and
-~ : gravelly sand locally with cobbles and rare boulders; very pale brown Qgly; composite sections of units Qgay and Qgly are up to 130 ft thick. basaltic andesite contain abundant microlites or slender grains of
/ E 0 matrix consists mostly of reworked pyroclasts of fine to coarse ash with Deposits are primarily fluvial, but based on stratigraphic relations, some are plagioclase (up to 40%); some rocks also contain blocky subhedral to
= 7 Vi~ crystals of hornblende, hypersthene, plagioclase, quartz, and rare augite, inferred to be deltaic (cross sections A and B). For example, unit Qgay in the euhedral plagioclase (up to 0.08 in.); locally contains chloritized
~Z - & of Qgoe as well as vitric and dacite fragments; compact; dacite clasts are angular Deer Creek valley (site 23) contains high-amplitude and planar foreset beds hornblende and minor subhedral to euhedral interstitial to micropheno-
Qgl P to subangular, abundant (over 80% of clast component), and locally that dip 21 to 29 degrees upvalley. These beds are traceable into mud-sand crystic quartz; rarely contains potassium feldspar and altered, fine-
Y nonvesicular to vesicular; commonly contains dewatering and (or) gas- laminated bottomset beds with some gravelly sands. The sedimentary grained augite(?); phenocrysts and glass matrix commonly altered to
% o 30 Qa Wr3 escape pipes. Poorly exposed in the present study area, but well exposed structures and facies arrangement indicate ice-impounded glaciolacustrine chlorite, actinolite, epidote, carbonate, sphene, or sericite. Porphyritic
SN = T 3 a directly east of the study area and inferred to occur in the subsurface conditions in the Deer Creek valley during up-valley ice advance. and trachytoid (flow) textures are common, and the rocks locally contain
77~  River 4@ a Qa i i i ite- - - i
= \/ Tulke locally (cross section A) (this study, Dragovich and others, 2002a,b). Advance glaciolacustrine deposits (Pleistocene)—Clay, silt, silty clay, and carbonate or chlor%te .car'bonate quar'tz ﬁlled.ves1cles. Contgct .
z N . Qgly . . metamorphic cordierite is observed in tuff (site 20) near units Eian and
Blue White Chuck Assemblage of Beget (1981) silty fine sand with local dropstones; blue gray or gray, weathered to pale . .
Qoa Pool % o ellowish brown; locally contains thick beds of structureless, clast-rich OEiq (this study; Jones, 1959; Reller, 1986; Tabor and others, 2002).
The White Chuck assemblage (~11,200-12,700 yr B.P.) resulted from Glacier Peak yero ’ y con . ’ Tabor and others (2002) obtained a zircon fission-track age for the unit
Qulw, W93 . . D . diamicton that may be flow till or iceberg melt-out contact zones; also locally
530 eruptions during Everson Interstade deglaciation (Beget, 1981; Foit and others, 1993). . ; . . of 45.7 +4.6 Ma west of the study area.
. . . contains lenses and beds of fine- to medium-grained sand; stiff or dense; well
BN Qusy ~ VS Beget (1981) obtained an age of 11,670 =160 yr B.P. from charcoal in forest duff directly sorted. Beddine varies widelv from structureless to thinlv bedded to laminated
wes Qusk Qaf /\ ~ - under unit Qvly, deposits near French Creek (site 8; cross section A). Ice occupation in the and m.ost com ri only consistsyo £0.4 10 1.6 in. thick rhyth}r]nite beds (probable SEDIMENTARY ROCKS OF THE CHUCKANUT FORMATION
o0a wa Qls study area appears likely during deposition of at least part'of the White Chuck assem- varves) that are normally graded from silty clay to fine sand. Rhythmite o Mount Higgins unit (Eocene)—Fluvial feldspathic to lithofeldspathic
S ] Q blage. For example, cast of the study area, elevated recessional meltwater channels are bedding is locally interrupted by thin to thick beds of sand or silty fine sand. " | sandstone, siltstone, and mudstone with minor conglomerate, coal (anthracite),
NS ’ ’ N - goge partially filled with lahar and 1nd1.cate volcanic delug§ during ice occupation (Dragpwch Soft-sediment and (or) ice-shear deformational features include contorted and altered tuff (bentonite); sandstone is various shades of bluish gray to
s - e White Chack sssersblage ety ovelis date-poor recéssonal e of it bedding, overturned folds, and flame structures. Overturned fold geomerics e s fepred
7 N - : g Y P : : are consistent with east-southeast-directed ice shear during ice advance up the by Cruver (1981) include K-rectorite, illite, siderite, anatase, zircon, and
Z ol e / Qgoe (cross section A). The abundance of gravel- to boulder-sized rip-up clasts of major river valleys. This unit is typically underlain by unit Qco and locally ankerite; some black shale horizons contain siderite concretions; clasts are
— /‘(/ \/ Q o e 15| glaciolacustrine clay in the assemblage suggests excavation of lake deposits by either overlain by and (or) interbedded with unit Qgay (cross sections A and B). Note subangular to subrounded and are moderately sorted in sandstone and pebble
_ A b . / /\ glacial-ice or volcanic-dam breakout mechanisms during the eruptive episode. that differentiation between advance and recessional glaciolacustrine geologic cong}omerate.; sandstone-shale ratio is e.lbout.Z:l; structures include cross- .
7 S v o/ ’ / Qgose Qus Volcanic sediments, undivided (late Pleistocene)—Dacite-rich units (units Qgly and Qgle) is locally difficult where stratigraphic position, bedding, laminated mudstone, symmetncgl ripple mfarks, mudcracks, leaf litter
S A \’ 7 4 ¥ | hyperconcentrated flood deposits and volcanic alluvium; loose; consists of sediment density, and other criteria are ambiguous. layers, sole marks, and paleosols; bentonite beds (primary or reworked
= s ) \J / = ‘ medium- to coarse-grained sand, sandy gravel, and sandy cobble gravel; Devosits of the Olvmnia Nonelacial Interval volcanic airfall .deposus) (sites 18 .an(.i 21) are jblulsh to l.1ght gray to white and
— = L locally contains lahar beds (similar to unit Qvly) that are too thin to separate at P ymp g weathered reddish yellow. Bentonite is rhyolitic (75% SiO2; site 21) and
JEmve ) 165 map scale; volcanic alluvium and hyperconcentrated flood deposits contain 50 Qc Deposits of the Olympia nonglacial interval (Pleistocene)—Gravel, sand, contalps scattered ash-sized fragments of pumice, irregular-shaped (angular
‘220 ¢ . af to 95 percent dark gray or reddish dacite, commonly with white, yellow, and ° | silt, clay, peat, and rare diamicton; compact to very compact, well-sorted, and and thin) glass shards, a few angular clear fragments of euhedral, brokeq and
renc Z z pale brown pumice that locally constitutes up to 50 percent of the clasts. very thinly to thickly bedded; disseminated organic material, logs or wood embayed volcgmc quartz, anc.l minor .ro.unded fragments ,Of very ﬁne-gralped
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Mesozoic Low-Grade Metamorphic Rocks
(Prehnite-Pumpellyite to Blueschist Facies)

EASTON METAMORPHIC SUITE

Shuksan Greenschist (Jurassic)—Mostly well-recrystallized and strongly
S1-foliated metabasaltic greenschist or blueschist; greenschist is shades of
greenish gray and weathered to light olive gray; blueschist is bluish gray to
bluish green; locally includes quartzite (metachert) and graphitic phyllite
interlayers; commonly layered on a centimeter scale and contains conspicuous
epidote and (or) quartz segregations; S1 foliation and layering are commonly
folded on an outcrop scale. Relict igneous minerals locally include saussur-
itized and albitized plagioclase laths, actinolized hornblende, and rare
clinopyroxene; metamorphic minerals include albite, actinolite, epidote, and
chlorite with minor lawsonite, Mg-pumpellyite, muscovite, spessartine, and
calcite. This unit consists mostly of mid-oceanic-ridge metabasalt. In rocks of
the appropriate iron composition and oxidation state, Na-amphibole (for
example, crossite) replaces actinolite as the primary metamorphic amphibole
to form blueschist instead of greenschist. The protolith age of the suite is most
likely Jurassic. K-Ar and Rb-Sr mineral and rock ages, representing the age of
metamorphism, are dominantly in the range of 120 to 130 Ma (Armstrong and
Misch, 1987; Bechtel, 1979; Brown and others, 1987; Tabor and others, 2002).
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HELENA-HAYSTACK MELANGE

The Helena—Haystack mélange of Tabor (1994) or the Haystack terrane of Whetten and
others (1980, 1988) is a serpentinite-matrix mélange. Blocks of greenstone often erode
out of mélange matrix as steep resistant hillocks. Regional greenstone geochemistry
suggests a mid-oceanic-ridge to oceanic-island-arc origin (Dragovich and others, 1998,
1999, 2000; Tabor, 1994). U-Pb zircon ages obtained from meta-igneous rocks indicate a
Jurassic age of about 160 to 170 Ma (Dragovich and others, 1998, 1999, 2000; Whetten
and others, 1980, 1988). Mélange formation is probably mid-Cretaceous or younger and
may be partially Tertiary (Tabor, 1994; Tabor and others, 2002). Cretaceous to Tertiary
faulting within the broad DDMFZ locally imbricates the ultramafic rocks of the
Helena—Haystack mélange with Tertiary and other pre-Tertiary rocks.

Greenstone (Jurassic)—Metamorphosed basalt, andesite, dacite, and rare
rhyolite occurring as mafic to intermediate flows and intermediate to felsic tuff
and lapilli tuff; bluish gray to grayish green and weathered to dark greenish
gray to light yellowish brown; flows locally contain amygdules, pillow
breccia, and pillows; commonly nonfoliated but locally contains strong spaced
cleavage; relict minerals include common augite and saussuritized plagioclase
and rare hornblende; metamorphic minerals include albite, chlorite, acicular
actinolite, Fe- and Mg-pumpellyite, prehnite, stilpnomelane, aragonite, and
calcite (this study; Dragovich and others, 2002a,b, 2003; Reller, 1986; Tabor
and others, 2002).
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Metagabbro (Jurassic)—Medium-grained to rarely coarse-grained and
uralitic greenstone; light to dark greenish gray weathered to yellowish or
grayish brown; nonfoliated to locally protomylonitic; also includes coarse-
grained gneissic quartz diorite and metamorphosed diorite, pegmatitic gabbro,
and diabase; relict minerals include saussuritized and albitized plagioclase,
augite or pigeonite, brown actinolized hornblende, and minor interstitial
quartz; ophitic or subophitic relict igneous textures common; metamorphic
minerals include acicular actinolite, tremolite, epidote, chlorite, pumpellyite,
white mica, stilpnomelane, calcite, and (or) aragonite; recrystallization partial
and typically static. K-Ar ages of 133 £10 Ma and 164 £24 Ma west of the
study area (Bechtel, 1979) are consistent with Jurassic intrusive U-Pb intrusive
ages reported elsewhere (this study; Reller, 1986; Tabor and others, 2002).
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Ultramafite (Jurassic)—Mostly serpentinite with rare nonserpentinized or
partially serpentinized dunite, peridotite, and pyroxenite and minor
metasomatic silica-carbonate rock (unit Jup)), rodingite, or talc-tremolite rock;
rare amphibolite; serpentinite is greenish gray to greenish black and weathered
to a dark yellowish orange and reddish brown; serpentinite composed of
serpentine minerals locally with relict pyroxene and (or) olivine and accessory
picotite, magnesite, and opaque minerals (this study; Jones, 1959; Tabor and
others, 2002).

Jup

Silica-carbonate rocks (Jurassic)—Silica-carbonate mineralization products
(listwaenites) resulting from metasomatism of ultramafites; pods of
incompletely altered serpentinite and brecciated silica-carbonate rock locally
common; brown to orange-brown weathered to a reddish or brownish yellow;
hydrothermal minerals include microcrystalline quartz and magnesite in
roughly equal amounts, with magnesite forming granular aggregates and vein
swarms; magnetite, pyrite, and marcasite occur as accessory minerals;
associated replacement rocks contain talc, tremolite, sphene, and chlorite; vugs
contain colorless, euhedral quartz with overgrowths of dolomite; commonly
displays compositionally banded veins or replacement bands of micro-
crystalline or macrocrystalline quartz, microcrystalline magnesite, fibrous
chalcedony, and (or) macrocrystalline dolomite. Where silica-carbonate rocks
and serpentinites are tectonically juxtaposed against the Chuckanut Formation
(cross section C), silica-carbonate minerals locally replace the Chuckanut
sandstone matrix. Structural relations in these areas suggest that the circulation
of hydrothermal fluids accompanied deformation across the DDMFZ and may
have been driven partly by hydrothermal circulation cells around Eocene
volcanic intrusions. Dragovich and others (2002c) suggested that much of the
silica-carbonate mineralization was synchronous with major Tertiary
transpression and thrusting in the DDMFZ but locally continued after major
fault displacement (this study; Graham, 1988; Lovseth, 1975).

Jupy

Heterogeneous metamorphic rocks, chert bearing (Jurassic)—Graphite-
bearing, medium gray meta-argillite, bluish gray metasandstone to metawacke,
and minor metachert; meta-argillite characterized by a strong phyllitic to slaty
cleavage; metasandstone and meta-argillite weathered bluish gray and dark
greenish gray. Unlike in the Easton suite, cleavage and bedding are locally
nonparallel, quartzose metamorphic segregations are generally lacking, and the
rocks are less recrystallized.
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ROCKS OF THE EASTERN MELANGE BELT OF TABOR (1994)

Mixed metavolcanic and metasedimentary rocks (Jurassic—Triassic)—
Greenstone with volcanic subquartzose metasandstone, metawacke, meta-
argillite, phyllitic argillite, metachert, and minor marble or marl pods; rocks
structureless to locally moderately foliated; greenstone contains relict
clinopyroxene (some titaniferous) and plagioclase in an altered matrix of
chlorite, carbonate, and pumpellyite; prehnite common in veins; deformed
pillows are rare. Up to 50 percent of the unit is highly sheared and disrupted
greenstone (this study, Tabor and others, 2002).

JEmte

Greenstone (Jurassic—Triassic)—Metamorphosed plagioclase- and augite-
phyric basaltic andesite, basalt, andesite, and dacite with minor diabase and
gabbro; dark to greenish gray or dusky green weathered dark greenish or
bluish gray or brown; thin metasandstone, meta-argillite and metachert
interbeds occur locally; mostly thick flows with subordinate thinner beds of
breccia or crystal-rich pyroxene-bearing tuff, metamorphic minerals include
epidote, pumpellyite, prehnite, and chlorite; local amygdaloidal flow tops;
massive to incipiently foliate. At site 25, structureless basaltic greenstone
(49.5% Si07) contains interlocking plagioclase and augite phenocrysts with
disseminated chlorite (this study; Dethier and others, 1980; Tabor and others,
2002).

JEmve

Metasedimentary rocks (Jurassic—Triassic)—Metamorphosed argillite,
sandstone, wacke, siltstone with subordinate chert pebble conglomerate, chert,
marl, and rare marble; locally contains tuff or greenstone layers and lenses;
argillite commonly contains radiolaria and (or) silt-sized grains including
angular quartz and plagioclase; sandstone commonly contains large rip-up
clasts of argillite; other sandstone clasts include monocrystalline and
polycrystalline quartz, chert, plagioclase, sedimentary lithic fragments, quartz
mica tectonite, mica, and rare coral fragments; some metasandstones are
volcanic lithic to feldspatholithic with a chert-rich provenance; metamorphic
minerals include epidote, chlorite, pumpellyite, carbonate, and white mica;
prehnite occurs typically in veins; rocks vary from massive to incipiently
foliated to rarely strongly cleaved (this study; Dethier and others, 1980;
Dragovich and others, 2003; Tabor, 1994; Tabor and others, 2002).
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Metachert (Jurassic—Triassic)—Metachert locally with greenstone,
metawacke, and meta-argillite; chert is red or black and weathered to a white
or yellow; chert is ribboned or banded, less commonly occurring as thin
laminae in meta-argillite; locally complexly disrupted, boudinaged, and folded,
with veins of quartz, prehnite, and white mica; disseminated chlorite in
mylonite zones. Deformed and (or) recrystallized radiolarians from chert
provide Triassic and Jurassic ages (sites 1 and 2) (this study; Tabor and others,
2002).
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Ultramafite (Jurassic—Triassic)—Serpentinite, talc-tremolite rock,
metaperidotite, and metaclinopyroxenite; serpentinite is light greenish gray to
greenish black and weathers to pale green or yellowish orange (this study;
Tabor and others, 2002).

ROCKS OF THE WESTERN MELANGE BELT OF TABOR (1994)

Heterogeneous metamorphic rocks, chert-bearing (Cretaceous—
Jurassic)—Semischistose metasandstone, slate, and phyllite; also contains
greenstone derived from mafic volcanic breccia, tuff, and flows locally with
well-developed pillows; locally abundant metachert and rare limestone;
commonly contains pervasively foliated, gray to black, metamorphosed
lithofeldspathic to volcanic lithic sandstone and semischist commonly with
rip-up clasts of argillite; clasts include angular to subrounded plagioclase,
monocrystalline and polycrystalline quartz, chert, volcanic lithic fragments,
and scattered detrital mica; locally, abundant cobble conglomerates are
interbedded with argillite or phyllite; rhythmite and laminate bedding, graded
bedding, and load casts locally well preserved; metamorphic minerals are
carbonate, prehnite (typically in veins), pumpellyite, chlorite, epidote, and
sericite; minor metagabbro and diabase and rare marble and ultramafic rocks
found in the belt regionally are probably absent in the study area. Sparse
fossils, including radiolarians in chert and megafossils in argillite, indicate that
the belt (excluding limestone) is Late Jurassic to earliest Cretaceous. Lime-
stone blocks (olistostromes?) south of the study area are Permian, and a few
chert blocks are Early Jurassic (Tabor and others, 2002).
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GEOLOGIC SYMBOLS

Contact—Dashed where inferred

‘ Fault, unknown offset—Dashed where inferred; dotted
where concealed; queried where uncertain

——— -----2... Normal fault—Bar and ball on downthrown side; dashed
where inferred; dotted where concealed; queried where
uncertain

Oblique-slip fault—Bar and ball on downthrown side; half
arrows show apparent relative lateral motion; dashed
where inferred; dotted where concealed

Thrust fault—Sawteeth on upper plate; dotted where
concealed

Anticline—Large arrowhead shows direction of plunge;
dashed where inferred; dotted where concealed

Syncline—Large arrowhead shows direction of plunge;
dotted where concealed

Late Pleistocene to Holocene terrace—Hachures point
downslope

<—— Direction of landslide movement
@®  Horizontal bedding
—— Inclined bedding (or flow banding in volcanic rocks)— Showing strike and dip
—— Overturned bedding—Showing strike and dip
»—— Inclined bedding—Showing strike and dip; top direction of beds known from
local features

Inclined bedding in unconsolidated sedimentary deposits or unconsolidated
fragmental deposits of volcanic origin— Showing strike and dip; F near
symbol indicates foreset bedding

Inclined foliation in metamorphic rock—Showing strike and dip

Inclined foliation parallel to bedding in metamorphic rock—Showing strike
and dip

R

Vertical or near-vertical first-generation (S1) foliation in metamorphic
rock—Showing strike

Minor inclined fault—Showing strike and dip
Inclined joint—Showing strike and dip

Inclined slickensided surface—Showing strike and dip
Vertical slickensided surface—Showing strike

Mineral lineation—Showing bearing and plunge

Pyid 4

Slip lineation or slickenside on a fault or shear surface— Showing bearing and
plunge of offset

Stretching lineation—Showing bearing and plunge
Glacial stria—Showing bearing

K-Ar radiometric age

Zircon fission-track age

Radiocarbon age

Fossil age (Tabor and others, 2002)

OB K ¥y |

"A  Approximate center of area of high seismicity within the Darrington seismic
zone of Zollweg and Johnson (1989) and this study. See Zollweg and
Johnson (1989) for full extent of the Darrington seismic zone

‘o

ws5 O Water well or geotechnical borehole—W indicates water well; B indicates
geotechnical borehole; number is assigned by authors

Other locations referred to in text
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