3D geologic map of the Darrington 7.5-minute quadrangle, Skagit and Snohomish Counties, Washington
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R. 9 E. R.10 E.
; A '. ' B . GEO'O |C S m bOIS DeSCrI tl On O.I: M a U n ItS White Chuck Assemblage Darrington PhyIIite_ a}nd (_or) semischist 01_‘ Mount Jos_ephine (Jurassic)—Mgtasediments of t_he
o N Qgty | kR N e g y p p _ _ _ _ o Shuksan. nappe are divided into three map units on the basis of the percentage of interbedded phyllite
o % ) / ™ Q. '-, Qgty The White Chuck assemblage resulted from Glacier Peak eruptions during Fraser deglaciation (~11,200-12,700 and semischist:
! ! 7 >, N &= AR RN \- - © Qgoe° 9 J o N0 N [\ TN, NN A T e BN NN NN NN\ O oos AR 0 . Contact—Dashed where inferred Field mapping of the Darrington 7.5-minute quadrangle was completed during the summers of 2001 and 2002. yr B.P.) (Beget, 1981, 1982; Porter, 1978; Foit and others, 1993). Deposits of the White Chuck assemblage
h | Field observations were supplemented by whole-rock and clast geochemical analyses, pumice and ash (glass) commonly overlie dacite-poor recessional outwash of unit Qgo,. 3ph 90-100% qurin_gton Phyllite _
"o\ —— — — —-----+ees Fault, unknown offset—Long dashed where microprobe analyses, radiocarbon dating, petr_ographic (thin section) analyges of b_edrock, clasts, and mount_ed ) ) o _ _ d | (0-10% semischist of Mount Josephine)
& 5 appr(;ximatel located: short dashed where inferred- Quaternary sands, and subsurface analyses using water wells and geotechnical borings. A copy the sample site G Volcanic sediments, undivided (late Pleistocene)—Hyperconcentrated flood deposits, lahars, and _ _
Piﬁs ‘ dotted wh y led ’ map can be obtained by writing Joe Dragovich at the Washington Division of Geology and Earth Resources, PO volcanic alluvium; medium- to coarse-grained sand, sandy gravel, and cobbly sandy gravel; loose; Iphg 50-90% Darrington Phyllite
otted where conceate Box 47007, Olympia, WA 98504-7007, joe dragovich@wadnr.gov. Alphanumeric codes following color dacite-rich. Lahars consist of poorly sorted, nonstratified gravelly silty sand and silty sandy gravel 9] (10-50% semischist of Mount Josephine)
_ descriptions refer to the Munsell rock color chart (Munsell Color, 1998) and are for dry samples. with some cobbles and scattered boulders up to 44 cm (17 in.). Volcanic alluvium and ) .
gt I Normal fault—Bar and bell on downthrown side; hyperconcentrated flood deposits typically contain 50% to 95% white and light to dark gray (GLEY Iphig 0-50% Darrington Phyllite _
o4 dotted where concealed 4/N-8/N) or altered reddish gray or weak red (10R 6/1, 10R 4/3) dacite, commonly with white (10YR 12| (50-100% semischist of Mount Josephine)
Qgty ," SN QUATERNARY SEDIMENTARY 8/1) to pinkish white or pale yellow to very pale brown pumice (2.5Y 8/2; 10YR 7/4, 8/2-8/3) (up to Darri Phvlli . £ serici hite-albi hvlli hiti hlli
y —————- Right-lateral strike-slip fault—Half arrows indicate AND VOLCANIC DEPOSITS 16 c¢cm or 6.3 in.) that locally constitutes up to 50% of the clasts; also contain pumice-rich lenses, arrington Phyllite consists of sericite-graphite-albite-quartz phyllite to graphitic quartz phy _|te.
relative apparent strike-slip motion; dashed where cobble to boulder rip-up clasts of lacustrine or glaciolacustrine clay, and clasts of White Chuck vitric (metashale or r_neta5|_ltstone) with rare interbeds (?f micaceous quart_2|te (m_etachert)_and alb't? S?h'St’
1 Jphjg approximately located welded tuff. Deposits vary from massive, crudely graded, or weakly horizontally stratified to rarely some phylllte_ Is bluish black_to b_Iac.k due to d|5§em|r_1ated gr_aphlte (rellct_organl_c matter); S|Iv_er-
A Holocene Nonglacial Deposits well-stratified with plane or cross bedding (this study; Beget, 1981; J. D. Dragovich, Wash. Divn. of ;:olored_ phyll(;tes are mUS?OIV'te “TS.’ metarrgorpf;)llc mlnebrals 'SC:UdeHChlsrzltﬁ’. epldr(:te, mu_scpwltle,
v gree ey Thiust fault—Sawteeth on upper plate; dotted . undivi . Geology and Earth Resources, unpub data). Locally divided ito: distay two 10 locally three generations of alding, The second generation of folding (£2) 1 the most
where concealed o= Alluvium, undivided (Holocene)—Gravel, gravelly sand, sand, and cobbly gravel with rare boulders; _ ' _ ' N N _ np |y L nzlm o g oherizon: Ifglld e gw e rg e
Ll gray; subrounded to rounded clasts; loose, well-stratified, and well-sorted; plane-bedded sands o, | Pumice (late Pleistocene)—Terrace-capping pumiceous ash, ash-lapilli, and lapilli deposit conspicuous and commonly has a subhorizontal Told axis oriented west-northwest or east-southeast.
T Latest Pleistocene to Holocene fluvial common; locally contains up to 40% reworked gray or reddish gray Glacier Peak dacite with boulder forming a ‘pumice plgln’; moderately to well-sorted;' 0.3 to 2.7 m thick with pumice clasts up to ; Idsemtlw?ChISt of l\co.unt Josephine ICOﬂSIStS. (I)_f hIlthlc-subquartzose semlsch|ds_tose SandSt%nf' Er
o terrace—Hachures on scarp side Qp . | fraction locally greater than 50% dacite; locally rich in granitic and (or) phyllite clasts. Overbank 17 cm; pumice is white (GLEY 1 8/N, 2.5Y 8/1), pink (7.5YR 8/2, 7/3), or very pale brown or eldspathic metawacke; rare metaconglomerate; light green gray, green gray, medium gray, and light
L g deposits are mostly loose or soft to stiff, grayish brown to olive-gray stratified sand, fine sandy silt, yellow (7.5YR 8/3, 10 YR 8/3-8/6) and ash is pale brown (10YR 8/4) to pale yellow (2.5Y 8/4); bluish gray. Semischist typically contains abundant stretched relict sand grains of polycrystalline and
/ % silt, silty clay, and minor peat (unit Qp). Several radiocarbon ages from sticks in peat and organic exotic clasts generally absent. Locally, pumice lapilli layers are interbedded with ash and ash- monocrystalline quartz, albitized plagioclase, and sparse lithic fragments; metamorphic minerals are
1 Strike and dip of bedding sediments yield ages of less than 600 yr B.P. for surficial Sauk River alluvium. lapilli layers. Varies from nonstratified to locally plane- or cross-bedded; overlies dacitic sands similar to tho§e of the Darrington Phyllite (Jones, 1959; Morrison, 1977; Tabor and others, 1988,
A (may be combined with other symbols) _ _ _ and_gravels of unit Qus,,. Homogeneous glass composition, phen_oc_ryst types, and stratlgraph_lc 1994, in press; Dragovich and others, 1998, 1999, 2000a).
(,’ 2 Qoa Older allgwum (Holocene) (cross sectlt_)ns only)—Sand, gravel, cobbly gravel, silt, clay, and peat pos_ltlon and distribution s_uggest .tha't the pumice plfaun deposit is a waning flood depqsn; Shuksan Greenschist (Jurassic)—Mostly well-recrystallized metabasalt: strongly S1 foliated: locall
; 5 —— inclined (glacial and volcanic deposits only) locally with abundant wood and organic matter (downed trees, shrubs, paleosols, and swampy drainage blockage by receding glacial ice in the Sauk River valley may have promoted ‘ponding’ 3shs | i cludes iron. and e y hy d itic ohwll aly I . h'y
b st (10 stors oA ©.01C-C) L oo o o e 01, 0 (1 o i o e . s ety f o o
66 X Clnad i . . . . Holocene). The uppermost portion of unit Qoa commonly contains organic materials and is interpreted ! ' e ; - :
L / g \’\15 7\8%7 S — inclined—indicates foreset bedding (glacial and volcanic deposits only) as a forest buried by Glacier Peak volcanic deposits (unit Qvl,) during the mid-Holocene. ol | Non-cohesive lahar (late Pleistocene)—Cobbly to locally bouldery gravelly sand commonly weathers to light olive gray; blueschist is bluish gray to bluish green. Greenschist commonly layered
+(\ Jphig g ‘. inclined _ _ o _ - " | with a trace of ash; compact; light reddish brown; dacite-rich; dacite clasts up to 55 cm (22 in.); on a centimeter scale; S1 foliation and layering are commonly folded on an outcrop scale. Relict
f o:\\ N ! —— Incline Alluvial fan dep03|ts (Ho|0cene)_D|am|cton; massive to Weakly stratified with angu|ar to rounded, pumice clasts up to 4 cm (1_5 in.) and commonly flow-banded. Matrix composed of crystal- Igneous minerals IocaIIy include saussuritized and albitized plagloclase laths, actinolized hornblende,
Ay \QQ‘-‘.\\ Jobig ‘\\ Qat Ioca!ly derived clasts; mqstly poorly sorted _debris-flow or debrig—torrent_ deposits, Igcally modified py vitric fine to coarse sand with hornblende, quartz, plagioclase, pumiceous ash, and pumice. and rare clint_)pyroxene. Metamorphic miperals include albite, ac_tinolite, epidote, and chlor_ite yvith
.}: o 2 Trend and plunge of fold axes . f|uv|a! processes. A!Iuwa_l fans mosﬂy (Eilsconf_ormably. overlie gla_c[al or Glacu_er Peak volcanic Dacite composes 60% to 95% of the gravel and cobble component and is white and light to dark lesser Ia_V\_/sonlte, Mg—_pumpellylte, muscowte_, spessartine, and calcite. I_n rocks of the ap_proprlate iron
. A S N /”“%\ b bined with oth bol Qafs; deposits and locally interfinger with alluvium. Silt deposits locally divided into unit Qafsj along the gray (GLEY 1 4/N-8/N, 2.5Y 8/1-8/2) and less commonly weak red (10R 4/3); dacite clasts are composition and oxidation state, Na-amphibole (for example, crossite) replaces actinolite as the
'.3\ bt ‘, 55&,5\—' =S (may be combined with other symbols) distal portions of some large alluvial fan complexes. mostly angular and vesicular with flow banding in some clasts. Locally abundant brown to very primary metamorphic amphibole to form blueschist instead of greenschist; greenschist and blueschist
.\ r i - Overturned minor fold axis _ _ _ pale brown and pink to white (L0YR 8/2-8/4; 7.5YR 5/3, 8/4, 5YR 8/1) pumice concentrated are Iogally |nt.erleav§d at outcr.op _scale (Haugerud and others, 1981; Brown, 1986; Tabor and others,
) / . ! > Landslide complexes (Holocene)—Boulders, cobbles, and gravel in a soft sand, silt, and (or) clay near the top of the lahar. Rare gravel- to boulder-sized rip-up clasts of clay or clay with scattered 1988, in press; Morrison, 1977; this study).
RS (combined with F2 fold axis symbols below) QIS "} matrix; mostly poorly sorted and unstratified with locally derived angular to rounded clasts. Includes gravel (probable dropstones) and rounded to subrounded clasts of granite, phyllite, and vein
< Minor F1 (first-generation) fold axis; Saeliz.(s)?art)ecdk ]!:ﬂd;;;)doisit?gza?;ss;ﬁ?z-e%a(g?tgc;\;\;s n?;spzdfi\)/\éeti; et:wzsnl]rc:istt Q|o||rsc.)m|nent debris slide and quartz. Mostly nonstratifi_ed with v_veak normal grad_ing near the?top; symmetric_al coarse-tail Chilliwack Group of the Excelsior Nappe
. arrow indicates the direction of plunge grading. C_:ommonly overlies recesspr_]al outwas_h. Thin reworked(?) beds of ash-sized tephra at - _ _ S o -
Y. contact with outwash at a few localities. Deposit ~1.5 m (5 ft) to perhaps locally 20 m (70 ft) The Chilliwack Group is largely volcanic arc in origin. U-Pb ages and fossils indicate that the Chilliwack Group
7 <+ Minor F2 (second-generation) fold axis and (or) crenulation lineation; Late Pleistocene and Holocene Glacier Peak thick (cross section C-C). is largely Permian to Devonian in age (see Tabor and others, 1994).
\\\\ ________ arrow indicates direction of plunge Volcanic and Sedimentary Deposits Pleistocene Glacial Deposits — Metasedimentary rocks (Permian to Devonian)—Volcaniclastic metawacke, volcanic subgquartzose
\;;\5\0\ <+#— Minor F3 (third-generation) fold axis and (or) crenulation lineation; We correlate the volcanic assemblages in the study area with the Chocolate Creek, Kennedy Creek, and White : m::zg?]d?é?:;'ataennggza&aLgegls'terhWt':;nirtglsnognénallgzlde ci\r;?s ?Sg;we arr;?ni;aerr?t CE%:aITndcgr?tgti)r:E
N arrow indicates direction of plunge Chuck assemblages of Beget (1981, 1982) that inundated valleys during late Holocene, mid-Holocene, and late Deposits of the Fraser Glaciation basalti 9 X I'.' : Gy v ludes brecci yﬁp J 1 - | y ocall
Pleistocene eruptive episodes of Glacier Peak. These deposits are exposed as terraces with age increasing with asaltic tp rmyo |t|c. greenstone. reen§tone. Inciudes breccla, wit, and tlows and Is focatly
<¢#— Minor F2 M-shaped fold axis and (or) crenulation lineation; elevation. For example, White Chuck assemblage terraces are typically up to 80 ft (24 m) above the modern Deposits of the Vashon Stade and Everson Interstade of the Fraser Glaciation of Armstrong and others (1965) ?mygdglmdal an(_j p'IIO(;NEdI' .Metsmokrphlcdmlperals I.mEIIUd% ?Iblte,dchlort:tel,l_e:pldo_tﬁ, and mmo(;
arrow indicates direction of plunge flood plain and are higher than later volcanic assemblages. Glacier Peak dacite is homogeneous and contains occur throughout the study area. Vashon Stade continental ice advanced up the Skagit, Sauk, and Stillaguamish avyso_mte, aragonite, and calcite. OCKsS grade from sSig tly de orme t? phyllitic W't[ pronounce
plagioclase, hornblende, and hypersthene + augite and (or) olivine phenocrysts and rare biotite; each assemblage River valleys about 15,500 to 15,000 yr B.P., blocking the major river valleys and forming temporary lakes in foliation generally subparallel to bedding (Tabor and others, 1988, in press; Vance, 1357; this study)
\ oo <zz— Minor F2 Z-shaped fold axis and (or) crenulation lineation; appears to have a generally similar but distinctive dacite-clast trace-element geochemistry (Dragovich and others, front of the advancing ice. Vashon ice covered the entire study area until about 14,000 yr B.P. The maximum
h b arrow indicates direction of plunge 1999, 2000a,b,c,d; J. D. Dragovich, Wash. Divn. of Geology and Earth Resources, unpub. data). extent of the Fraser continental ice lobe is mapped near the study area, directly east of Darrington (Tabor and
\ \S\ others, in press). Deglaciation commenced about 13,500 yr B.P. and the map area was probably fully deglaciated .
\ <ss— Minor F2 S-shaped fold axis and (or) crenulation lineation; Chocolate Creek Assemblage by about 11,500 yr B.P. (Forter and Swanson, 1998; Dethier and others, 1995; Pessl and others, 1989). Ice References Cited
Sh arrow indicates direction of plunge occupation in the study area appears likely during deposition of at least part of the White Chuck assemblage
v We mapped a lahar deposit in the Darrington quadrangle that lithologically and temporally correlates with simi- (units Qus,, and Qvl, ). Armstrong, J. E.; Crandell, D. R.; Easterbrook, D. J.; Noble, J. B., 1965, Late Pleistocene stratigraphy and
V[ 3 lar lahar deposits and volcanic alluvium near Glacier Peak and in the lower Skagit River valley. We informally chronology in southwestern British Columbia and northwestern Washington: Geological Society of America
7 Strike and dip of tectonic foliation and fold axial planes assign the name Chocolate Creek assemblage to this deposit, which is similar to 1,800 yr B.P. deposits described Everson Interstade Bulletin, v. 76, no. 3, p. 321-330.
(may be combined with other symbols) by Beget (1981, 1982) along Chocolate Creek adjacent to Glacier Peak. This deposit probably resulted from the _ ) ) Armstrong, R. L.; Misch, Peter, 1987, Rb-Sr and K-Ar dating of mid-Mesozoic blueschist and late Paleozoic
downstream transformation of one or more pyroclastic flows along the Suiattle and Sauk Rivers. In the study 000- Recessional outwash (Pleistocene)—Sand, sandy gravel, gravelly sand, and sandy cobbly gravel with albite-epidote-amphibolite and blueschist metamorphism in the North Cascades, Washington and British
Penetrative tectonic foliation (undifferentiated); generally crystalloblastic S1 area, the lahar forms a 1.5 m terrace-capping bed that overlies alluvium. This terrace is 12 to 15 ft above river some boulders; loose, braided river to locally deltaic deposits; clasts are subrounded and commonly Columbia, and Sr-isotope fingerprinting of eugeosynclinal rock assemblages. In Schuster, J. E., editor,
(first-generation) cleavage in the Shuksan Suite level along the Suiattle and Sauk River flood plains and channels. In the White Chuck and Suiattle River valleys polymictic with locally abundant granite and locally derived subangular phyllite and vein quartz; rare Selected papers on the geology of Washington: Washington Division of Geology and Earth Resources
east of the study area, the Chocolate Creek assemblage is composed of at least three distinct lahars (Beget, 1981; interlayered thin to laminated beds of sandy silt and silt. Locally contains rip-up clasts of glacial lake Bulletin 77, p. 85-105.
—v— inclined J. D. Dragovich, Wash. Divn. of Geology and Earth Resources, unpub. data). In the study area, radiocarbon deposits. Non- to well-stratified; meter-thick, subhorizontal beds commonly crudely defined by Beget, J. E., 1981, Postglacial eruption history and volcanic hazards at Glacier Peak, Washington: University of
dating yielded ages of 1,700 +70, 1,620 +70, and 1,830 +70 yr B.P. from charcoal obtained from silt and silty variations in cobble, gravel, and sand content; pebble imbrication, scour, and local low-amplitude Washington Doctor of Philosophy thesis, 192 p.
—— inclined—may locally represent S2 or S3 foliation sand in alluvium directly below the lahars at two sites (cross section C-C') (Dragovich and others, 1999, cross-bedding common. Typically poor in Glacier Peak dacite and (or) pumice (0-5%). However, Beget, J. E., 1982, Postglacial volcanic deposits at Glacier Peak, Washington, and potential hazards from future
2000a,b,c, 2002b; J. D. Dragovich, Wash. Divn. of Geology and Earth Resources, unpub. data). some of the outwash sands and gravels south of the Stillaguamish River and directly west of the eruptions: U.S. Geological Survey Open-File Report 82-830, 77 p.
—o— vertical—may locally represent S2 or S3 foliation Darrington quadrangle contain as much as 40% dacite and pumice probably derived mostly from the Brown, E. H., 1986, Geology of the Shuksan suite, North Cascades, Washington, U.S.A. In Evans, B. W.; Brown,
vl Non-cohesive Iahar _(Holocene)—_Sllty sandy gravel to gravelly san_d; few_cobbles_ and rare bould_er_s; late-glacial White Chuck assemblage. Locally divided into: E. H., editors, Blueschists and eclogites: Geological Society of America Memoir 164, p. 143-154.
Strongly developed semi-penetrative to locally penetrative S2 (second-generation) ¢ | compact and dacite-rich; clasts typically 1 to 2 cm but locally 20 cm in maximum dimension. Matrix is _ _ Brown, E. H., 1987, Structural geology and accretionary history of the Northwest Cascades system, Washington
axial plane foliation or F2 axial plane composed of very pale brown (10YR 7-3) fine to coarse ash containing crystals of plagioclase, Qgod, | Deltaic outwash - (Pleistocene)—Sand, sandy gravel, and cobbly sandy gravel; loose; and British Columbia: Geological Society of America Bulletin, v. 99, no. 2, p. 201-214.
hornblende, hypersthene, and quartz, plus or minus augite and vitric and dacite lithic fragments. Gray moderately to well-sorted; beds are commonly 5 m (16 ft) thick with planar foreset beds in sets Brown, E. H.; Wilson, D. L.; Armstrong, R. L.; Harakal, J. E., 1982, Petrologic, structural, and age relations of
w315 Qa e e —v—i inclined to dark gray (GLEY 1 4/N-6/N) and light gray (GLEY 1 7/N to 10YR 7/1) dacite clasts are mostly ten(s) of meters high dipping 25 to 30 degrees toward the valley; locally overlain by cobbly serpentinite, amphibolite, and blueschist in the Shuksan suite of the Iron Mountain-Gee Point area, North
\ oo e Gy - Manstord 5. angular to subangular and semi-vesicular to vesicular and compose 70% to 93% of the clasts; also gravel topset beds along a scoured contact; typically contains locally derived clasts of phyllite, Cascades, Washington: Geological Society of America Bulletin, v. 93, no. 11, p. 1087-1098.
e Rl \ —— vertical contains scattered, altered, weak red (10R 5/3) dacite clasts; locally contains scattered very pale brown vein-quartz, greenstone, and sandstone mixed with clasts of Canadian provenance. Dethier, D. P.: Pessl. Fred, Jr.. Keuler, R. F.: Balzarini, M. A.: Pevear, D. R., 1995, Late Wisconsinan
P Qvsy ‘w . (10YR 8/4) pumice clasts; locally overlain by a very thin bed of reworked light brown (10YR 7/3) ash; Recessi . ) . ) ) . . glaciomarine deposition and isostatic rebound, northern Puget Lowland, Washington: Geological Society of
2 . % F2 axial plane (no S2 foliation) minor exotic clasts include lacustrine clay rip-up clasts and granitic and orthogneiss clasts. Deposits Qgle ECESSIOHE.U glaciolacustrine de.zposns (Plelsltocene)—snty clay, clay, silty sand, and sand with local America Bulletin, v. 107, no. 11, p. 1288-1303.
’ % commonly vertically symmetrical with a crudely normally graded top and a reversely graded base; dropstones; gray o light gray, well-sorted; loose, soft, or stiff, nonstratified to laminated with Dragovich, J. D.; Gilbertson, L. A., Lingley, W. S., Jr.; Polenz, Michael: Glenn, Jennifer, 2002a, Geologic map
\ Qa a2 ’ 1 inclined faint basal horizontal lamination and water and (or) gas escape pipes observed locally. rhythmite beds typically 1 cm (0.4 in) thick resembling varves; contains decimeter-wide sand dikes in of the Fortson 7.5-minute quadrangle, Skagit and Snohomish Counties, Washington: Washington Division of
Qaf \ ) i Fhe Sft.lllaguam.lih valley_, prc:bably forr]med in gla}mal lakes |mpounded byf retrea;un?]_g:(amal ice; Ioc_ally Geology and Earth Resources Open File Report 2002-6, 1 sheet, scale 1:24,000.
Qls & ‘ iohd —o— vertical Kennedy Creek Assemblage Xti'mggrsB V\gf recessional outwash and is inferred to be in excess of 100 ft thick (cross sections Dragovich, J. D.; Gilbertson, L. A.; Norman, D. K.; Anderson, Garth; Petro, G. T., 2002b, Geologic map of the
T 33N BKAGHT CH Z . /\?’/\ ) ) ) ] ) . . —A"and B-BY). Utsalady and Conway 7.5-minute quadrangles, Skagit, Snohomish, and Island Counties, Washington:
TN KGRI LS /'/ &P Strpngly develpp_ed semi-penetrative to locally penetrative S3 (third-generation) The Kenngdy C_:reek assemblage (KCA) originated from Glacier Peak and flowed .down the Sauk and Vashon Stade Washington Division of Geology and Earth Resources Open File Report 2002-5, 1 sheet, scale 1:24,000.
2 STt o . axial plane foliation or F3 axial plane Sgélélgl;amlsh River vallfeyr;s abour: 5,1_00 tolc 5é.40(|) yr B.I:;. (Be%et, 1981, 1982; Dbrag(:]jowch a;]nd oéhersf, 1999, Dragovich, J. D.; MCKay’ D. T, Jr De_thier, D. P: Beget, J. E., 2000b, Holocene Glacier Peak lahar deposits in
- = VT . ~ TIIN. - 2000a,b,c; J. D. Dragovich, Wash. Divn. of Geology and Earth Resources, unpub. data). The KCA forms a =727 lce contact deposits (Pleistocene)—Sandy gravel, gravelly sand, and bouldery cobbly gravel locally the lower Skagit River Valley, Washington: Washington Geology, v. 28, no. 1/2, p. 19-21, 59.
3 T.32N. —— inclined prominent 15 to 25 ft (5-8 m) high terrace. St_ratlgrap_hlc relations as well as geochemlca_l and petrographic data }-,5@5}’%}‘- with interlayered beds of silty sand or sand; poorly to well-sorted; loose; boulders to 1.3 m (4.3 ft); Dragovich, J. D.; McKay, D. T., Jr.; Dethier, D. P.; Beget, J. E., 2000d, Voluminous laharic inundation of the
Qa suggest that the assemblage resulted from inundation by lahar(s) that transformed into hyperconcentrated - typically clast-supported; rare flow and (or) ablation tills with a sand to silt matrix: beds are typicallyall lower Skagit River valley, Washington—A product of a single large mid-Holocene Glacier Peak eruptive
. . . flood(s) downstream through interaction with river water. This transformation is similar to the mechanism decimeter to several meters thick. Contains near-ice structures including ov’ersteepened foreset episode? [abstract]: Geological Society of America Abstracts with Programs, v. 32, no. 6, p. A-11.
Strike and dlp'Of fra(?tures and joints (_anV|S|oned by Plerso_n and Scott (1985)_ for similar M_ount St._ Helens deposits. Hyp_erconcentrate_d flood deposits bedding, ice-shear folds, and kettles, and subhorizontal beds of qu,viaI outwash typical of unit Qgo,. Dragovich, J. D.; Norman, D. K.; Anderson, Garth, 2000a, Interpreted geologic history of the Sedro-Woolley
. (may be combined with other symbols) in th_e q_anrgngle thicken to the_ nort_h in the Sauk River drainage as a result of this transformation. Subsequ_ent Clasts a{re of mixed C,anadian (grz;nitic and orthogneiss locally >50%) and local (for examplg North and Lyman 7.5-minute quadrangles, western Skagit County, Washington: Washington Division of
) ) . . . fluvial ‘incision and channel migration locally reworked the top of the KCA. The KCA forms a flat divide greenschist) provenance; locally contains clasts of Glacier Peak dacite (up to 20%, typically 3—5%): Geology and Earth Resources Open File Report 2000-1, 71 p., 1 plate.
7.’ Qots Joint, undifferentiated between the Sauk and Stll_laguamlsh Rivers. Beget_(198_1) suggested th_at the divide formed d_urln_g deposition of dacite clasts are light to Ejark gray or pale red and up to 0.95 m (3 ft) wide: also Iocaily contains Ienses' Dragovich, J. D.; Norman, D. K. Grisamer, C. L.; Logan, R. L.; Anderson, Garth, 1998, Geologic map and
g . the latest Pleistocene White Chuck assemblage, diverting the Sauk River north to the Skagit River east of the rich in pumice. Ice-contact deposits are richer in dacite and pumice than most recessional outwash; it interpreted geologic history of the Bow and Alger 7.5-minute quadrangles, western Skagit County,
oo —= inclined study area. (White Chuck volcanic inundation occurred during the close of the last glaciation, when organic is likely that some White Chuck assemblage detritus followed ice-marginal paths toward the Washington: Washington Division of Geology and Earth Resources Open File Report 98-5, 80 p., 3 plates.
ical productivity was low and organic deposition was rare o nonex’stent.),Howeve.r, unit Qoa, which underlies the Stillaguamish River basin during deglaciation (this study; Dragovich and others, 2002a; J. D. Dragovich, J. D.; Norman, D. K.; Lapen, T. J.; Anderson, Garth, 1999, Geologic map of the Sedro-Woolley
) e B e sl AT T aros Drgovh, W, D, of Geology s1d Eath s, iy s, Aduncrcs of sl o Nl and Lymen 15 minuts uaials, westam Sl Couny. Washingor: Watinon Divlon o
Subsidiary minor fault or slickensided fracture plane Therefore, we associate formation of this divide with deposition of the mid-Holocene KCA rather than the White arc::jJ (ce)rr)s\l/zoel carr:ipcudpar(;as:se;kogtafrllgc?;fits,rr{r?s Cic?_/ciliggsf tdz);(c:)z\i/;“grnec:nf:rreed ?goli::;ll))/l ?n?ecrlfeiln g:i Dragovich, J. D.; Troost, M. L.; Norman, D. K.; Anderson, Garth; Cass, Jason; Gilbertson, L. A.; McKay, D.T,,
- Chuck assemblage. with glaciolacustrine deposits (unit Qgl.) (cros:s section C-C). Jr., 2000c, Geologic map of the Anacortes South and La Conner 7.5-minute quadrangles, Skagit and Island
—=— inclined . . . . . ‘ Counties, Washington: Washington Division of Geology and Earth Resources Open File Report 2000-6, 4
Qvsk VOIC&.m'C_ sedlments, undivided (_HoIocene)—Hyperconcentrated flood deposits, lahars, and volcam(? Till (Pleistocene)—Nonstratified, compact, matrix-supported mixture of clay, silt, sand, and gravel in sheets, scale 1:24,000.
Qusk Trend and ol f tectonic lineati alluw.um, _med_lum- 0 coarse-grgmed sand and th'CI.( beds of gravelly s_and and cobbly sandy graveI: Qatv various proportions with disseminated cobbles and boulders; typically mottled dark yellowish brown Foit, F. F.,, Jr.; Mehringer, P. J., Jr.; Sheppard, J. C., 1993, Age, distribution, and stratigraphy of Glacier Peak
o PR R 'Itﬁgssg ,bgg(s:lftii:ls?r;i:gt?iil:%iiog\tl?l'nls)ulfzg tzidfhic;lf (i)";yZSarI:? frgvglf:)v ![tc:]sfei)v;r;toeb:tl erria?)ngcsl?lsdoer:é to brownish gray, grayish blue, or very dark gray; matrix consists of silty fine to coarse sand (+ clay). tephra in eastern Washington and western Montana, United States: Canadian Journal of Earth Sciences, v. 30,
. : : : : : : : : o ko ' . . ) . T Includes clasts of Canadian and local provenance; up to 90% of clasts are locally derived and include no. 3, p. 535-552.
X % / :;:12:1?::)?12 rg?g;ﬁ;ennct;f tﬁ:ea(t?;asst,liliitkfr:fi:le? Olrlnggﬂgir:;);aggrovf/rﬁ?]léliigé rs1 La:‘haGrZocig;L;/r ;\r']';hE]a?tLanéJ;zg:%Zircgggsgtrgzg)ﬂ?_Vgci‘iﬁloi';;&h(;s;;ugeajﬂz d[?.rgﬁ%l&%vx:?ﬁ hérg;vpd angular to subangular phyllite or greenstone and rare G!acier Peak dacite. Till unconfgrmably overlies Gallagher, M. P.; Brown, E. H.;_Walker, N. W., 1988, A new s_tructural and te_ctonic i|_1terpretation _of the western
et Wt direction of plunae . . ’ ' ' . S . bedrock in elevated alpine settings and locally occurs in the low valley-bottom glacial terraces, thus part of the Shuksan blueschist terrane, northwestern Washington: Geological Society of America Bulletin, v.
L Qgle plung light yellowish brown ash (L0YR 6/2, 6/4, 7/1, 2.5YR 6/3) or ash with scattered lenses rich in pumice mantling topography. 100, no. 9, p. 1415-1422.
2 . lapilli. Clasts include 70% to 98% light gray to gray (GLEY 1 5/N-7/N) dacite locally with scattered . Haugerijd, R. A Morrison, M. L.; Brown, E. H., 1981, Structural and metamorphic history of the Shuksan
< inclined dark gray (GLEY 1 2.5/N-4/N) and altered pale red to dark reddish gray dacite (10YR 5/2, 10R 3/1, Advance outwash (Pleistocene)—Medium to coarse sand, pebbly sand, and sandy gravel with Metamorphic Suite in the Mount Watson and Gee Point areas, North Cascades, Washington: Geological
/ Qgos * Stretching lineation: arrow indicates direction of plunge 712, 6/2-6/3); locally contains up to 50% pale yellow, very pale brown, light gray, white, or pinkish Q93 | giattered lenses and layers of pebble-cobble gravel; locally contains fine silty sand, sandy silt, and clay Society of America Bulletin, v. 92, no. 6, Part I, p. 374-383.
ut "o\ Qgoe ’ white pumice (GLEY 1 5/N-8/N, 2.5YR 8/1-8/2, 10YR 51, 7/2, 8/1-8/3) as lenses or scattered clasts. interbeds; well-sorted; compact. Subhorizontal bedding or cross-stratification prominent; localized Jones, R. W., 1959, Geology of the Finney Peak area, northern Cascades of Washington: University of
. . — inclined Locally contains cobble- to boulder-sized rip-up clasts of silt and (or) clay that were probably eroded cut-and-fill structures and trough and ripple cross-beds. Mostly Canadian provenance, some locally Washington Doctor of Philosophy thesis, 186 p., 2 plates.
s -, from deposits mapped near Glacier Peak by Beget (1981) as sediments of volcanically dammed lakes. derived clasts, and little or no Glacier Peak dacite. Interfingers with and conformably overlies unit Morrison, M. L., 1977, Structure and stratigraphy of the Shuksan Metamorphic Suite in the Gee Point Finney
. e Nonlahar beds are typically nongraded to crudely graded and nonstratified; locally contains weak Qgl, as a result of glacial lake impoundment during ice advance up the Stillaguamish and Sauk River Peak area, North Cascades: Western Washington State College Master of Science thesis, 69 p., 1 plate.
¢, Qls N Trend and plunge of current flow direction indicators h|0”20nta| str_ajuflca_tu()jr), p|age Eeﬁdlhgi ang r<]IFOSS bedding Ingltgldlng (;are a_nFldurlles. Sﬁrat!grap?y ar;]d valleys; composite sections of advance outwash and glaciolacustrine deposits are up to 150 ft (46 m) Munsell Color, 1998, Munsell soil color charts; rev. washable ed.: GretagMacbeth, 1 v.
AL (flutes, pebble imbrications, etc.) clast compositions indicate both fluvial and hyperconcentrated flood depositional mechanisms for the thick. Primarily fluvial in origin; based on stratigraphic relations including subsurface stratigraphy, Pessl, Fred, Jr.; Dethier, D. P.; Booth, D. B.; Minard, J. P., 1989, Surficial geologic map of the Port Townsend 30-
B - P T nonlaharic sediments. Reworked terrace-capping tephra probably represents one or more waning flood some advance outwash is inferred to be deltaic (cross sections A-A’, B-B’, C-C"). by 60-minute quadrangle, Puget Sound region, Washington: U.S. Geological Survey Miscellaneous
N ?\ 100 <= inclined feposts Locally dhvided it Advance glaciolacustrine deposits (Pleistocene)—Clay, clayey silt, silt, silty clay, and silty fine sand Investigations Series Map |-1198-F, 1 sheet, scale 1:100,000, with 13 p. text
70 \\ y ou, | Non-cohesive lahar (Holocene)—Silty sandy gravel to gravelly sand locally with cobbles and Qv | \yith local dropstones: locally contains fine- to medium-grained sand lenses and beds; stiff; well- P|ers;gér;l;;n((;le.r,]trifeo;ts,tr;ml;/llgvv_l %aiér?%g\;\glitss Eesiglrjé;]or\], g]; ?]Olafg rp Irg,aff_'i'%gfmm debris flow to
"‘ 24 % rare ouiders Up 1o 1 m (3 1) compact; dacie-rich with clasts typieally 110 2 om (0.4-0.8 in.) sorted; thinly bedded or laminated. Silts and clays are dark gray, blue gray, and gray, weathering to Porter, S. C., 1978, Glacier Peak t-ephra in the north Cascade ﬁia.nge, Wz.ashihg'.tor;—Stre’ltigréphy distribution, and
Qgtv W I I d B h I S b I but locally 10 to 30 cm (4-12 in.) in size. Very pale brown (10YR 7/3) lahar matrix consists pale yellowish brown; 1 to 4 cm (0.4-1.6 in.) thick rhythmite bedding (varves?) common, normally rel’ations’hip to llate-glacial events: Quaternary Research, v, 10, no. 1, 0. 30-41, ' '
80\\ ell an orenole ym OIS mostly of reworked pyroclasts of fine to coarse ash with crystals of hornblende, hypersthene, graded from sand to silty clay. Soft-sediment and (or) ice-shear deformational features are common Porter, S. C.: Swanson, T. W., 1998, Radiocarbon age constraints on rates of advance and retreat of the Puget
= plagioclase, quartz, and rare augite, with vitric fragments and fragments of dacite. Dacite clasts and include tilted and contorted bedding, overturned folds, and flame structures; overturned fold lobe of the Cordilleran ice sheet during the last glaciation: Quaternary Research, v. 50, no. 3, p. 205-213
' A Y O Water well are angular to subangular, abundant (80-98% of clast component), and vesicular to locally non- geometries are consistent with ice shear during ice advance up the major river valleys. Locally overlain Tabor, R. W.; Booth, D. B.. Vance, J. A.: Ford, A. B., in press, Geologic map of the Sauk River 30’ b.y 60’
- 4 vesicular; some frothy flow banding; mostly gray (GLEY 1 5/N-6N) with some scattered altered by and interbedded with unit Qga, (cross sections A-A’, B-B', C-C). uadrangle, Washington: U.S. Geological Survey Miscellaneous Investigations Map 1-2592, 2 sheets, scale
: Qvsk / }87 o - GeoEngineers, Inc., geotechnical borehole reddish gray dacite (2.5Y 6/2) and pale yellow, pale brown, and pink pumice (10YR 8/2, 10R ?_100 O(?O lvvith o4 g te>;t = g y g P ’ ’
i ) Ciy well #1 % ﬁ 8/3). Unit also c_ontains rare boulder-sized rip_-L_Jp clasts c_)f Iac_ustrine clay and minqr exotic clasts Tabo} R ,W',Booth DplB i Vance 1 A Ford A B.- Ort. M. H.. 1988. Preliminary aeoloaic man of the Sauk
a 30 e /[77 of granite, phyllite, ‘tmd vein quartz. Nor_13trat|f|ed d-epOSItS with weak norma! grading occur near TERTIARY INTRUSIVE ROCKS Ri,verl 30.'by 60 r;winlute”quadrar;glne \./’Vashin'gto.n: US ’Geonlogli]cal Su,rvey Open-gilge Re[?ort 88f)692 50 p., 2
= s, { the top of the deposit. Commonly contains dewatering and (or) gas-escape pipes; rarely contains olates ' ’ '
20 A A crudely defined, meter-scale horizontal stratification defined by coarse-tail (gravel and cobble) . Gabbro (Eocene)—Gabbro or diabase dikes, sills, and small irregular intrusions; nonfoliated; .. . . i .
O Jphdij "\ Z o \\ 35 Joha grading; rare_ly contai_ns flame_ structures, internal truncation surfac_es, ant_j very thin ash beds. Eigh equigranular, medium-grained; greenish gray; some of the bodies appear to intrude faults; contains TabgB_F; V(\S/.d-:?rl:ggui’a;g'IeB(:Nmahs’h% ',[30';]?&O\évnéeE(;I':"igzgédrzreel'g"g?}%ﬁsoégggcrtn;?ﬁ 40(;‘3thg5Mou2nt E ?elzer
S Qls o Paleomagnetic analysis of dacite clasts (J. Ladd, Western Wash. Univ., written commun., 2002) hornblende (commonly uralitic), plagioclase (mostly labradorite), and minor clinopyroxene Vance JyA 1057 Tﬂe eolc? ’of the S%uk.Ri\./elr area i?] the north)e/rn Fé:ascades 01E)Washin tc;n' Upﬁ}vefsit olf
. Yoo 240, suggests deposition as a hot lahar. Although base was not observed, deposit appears to be mostly phenocrysts; common alteration minerals include disseminated calcite, quartz, sulfides, and sericite. W' h y D ‘ %Ph'lgy hv thesis. 312 b. 1 ol gton- y
l\ 1 laterally continuous and may be as thick as 15 m (49 ft) (cross sections A-A’, B-B’, C-C’); Although not directly dated, gabbros are probably Eocene and possibly Oligocene in age and may ashington Doctor of Philosophy thesis, 312 p., 1 plate.
2800 y overlain by volcanic sediments of unit Qvs, (this study; J. D. Dragovich, Wash. Divn. of represent feeder bodies for volcanic rocks near the map area (Jones, 1959; Vance, 1957; this study;
B15 R.9E  RIOE. Geology and Earth Resources, unpub. data). Dragovich and others, 2002a).
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Note that the cross sections are not straight lines but segments that connect geotechnical or water well boring logs

vertical exaggeration 10x

2002

This report was produced in cooperation with the
U.S. Geological Survey (USGS) National Cooperative
Geologic Mapping Program Agreement Number 01HQAG0105

and thus contain multiple bends. Most segments traverse areas of good to excellent geologic mapping control.
The numbers above the wells or borings provide our assigned identification number; water wells begin with “W”
and geotechnical borings begin with “B”.
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