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DESCRIPTION OF MAP UNITS

by Joe D. Dragovich, Michael W. Wolfe, Benjamin W. Stanton, and David K. Norman

Recessional outwash, sand (Pleistocene)—Fine to medium sand,

June 2004

Coal Mountain unit of Evans and Ristow (1994) of the Chuckanut

limestone pods south of the study area. Regionally, Trafton metacherts yield

emergent landmass geometry around the map area. Later Eocene to Oligocene

. . . . . PR pebbly sand, and silty fine sand locally with thin interbeds of silt; loose; c Formation (Eocene)—Fluvial feldspathic sandstone with less-abundant radiolarian ages mostly ranging from Triassic to Jurassic. The generally Mesozoic deposition of the rocks of Bulson Creek only south of the DDMFZ main strand
Information for the unit descriptions was compiled from the sources listed at the end ) . i - . : . . ; . . . . .
of each descrintion. The classification schemes we use are described in Draaovich clasts are subangular to subrounded; nonbedded, plane bedded, conglomerate, shale, siltstone, and coal; sandstone is light gray and age of the Trafton metacherts contrasts with the mostly Paleozoic age of Trafton suggests oblique south-side-down transtensional strike-slip faulting. Strike-slip-
puion. L - oo govic laminated, or rarely cross-bedded; facies relations and fining trends weathered to yellowish brown; micaceous; medium to coarse grained; limestones and suggests that the limestone bodies are partly olistostromal. generated folding waned at this time (this study; Evans and Ristow, 1994; Tabor and
and others (2002d). All measurements are given in English units with the exception 7 . . : L s . ) )
. . - A N . suggest deposition in fluvial to mostly shallow-water glaciolacustrine sandstone—shale ratio is about 3:1; thick to very thin bedded; well sorted; . . others, 2002).
of microscopic measurements, which are given in millimeters (1. mm = 0.04 in.). settings; includes the Stillaguamish Sand Member of Vashon Drift in the clasts are rounded to subrounded; coarse-grained beds contain trough JSmct Me_tqchgrt (Jurass|c—Trlassu_:)—M_ete_lmorphosed chert ar_1d cher_ty Regional tectonic data and earthquake focal mechanisms indicate that the
’ . . - - P S . . argillite interbedded locally with argillite, siltstone, and minor thin beds - .
. . . southern part of the study area where the sand is mostly overlain by cross-bedding and ripple or plane laminations; fine-grained beds contain ) . . DDMFZ is likely currently under almost pure north—south compression (Ma and
Quaternary Sedimentary and Volcanic Deposits outwash gravel (unit Qgoge) and underlain by or interbedded with finer ripples, flutes, load casts, and plant fossils. Several sites (for example of carbonaceous shale, wacke, and tff, chert contains micro- and others, 1996; Zollweg and Johnson, 1989; Van Wagoner and others, 2002). Zollweg
e - [l Il Il . ’ H e~ H T~ H H H y ’ ’ ’ ’ .
HOLOCENE NONGLACIAL DEPOSITS grained glaciolacustrine deposits (unit Qgle) (cross sections A, B). sites 24 and 28) have a high potassium-feldspar (7-25%) and low lithic- ﬁ?;é‘iglst(azlllg& ;]u:r:;[jzvsli?tegr?qi/g)é f;_lcl);z;} (fh e6rt/?s’ g ;Sdeerglrnea(}eglgg?(a':r?d and Johnson (1989) defined the active Darrington seismic zone directly east of the
. I . . . . . . clast content (3—8%), which is consistent with the Coal Mountain unit ! o . e . . N study area using a local portable seismometer array. Their hypocenter and focal-
Alluvium (Holocene)—Channel deposits include sand, pebble gravel, Recessional glaciolacustrine deposits (Pleistocene)—Clay, silt, sandy . . - ) gray and is very thin bedded to ribboned with thin laminae of argillite, . LT - . .
Qa ) ] i Qgle L S provenance regionally. Regional plant-fossil ages and ages of volcanic . . L N mechanism geometry implies an active south-side-up thrust fault zone striking
and cobble gravel; gray; clasts are subrounded to rounded; loose, well silt, fine sand, and rare diamict; light gray to blue-gray weathered to rocks that are intrusive into or overlving the unit indicate an early Eocene less commonly occurring as thin laminae in meta-argillite; weakly NBO°W +20° diboing south at 40° +15°. with a strike lenath of at least 6 to 12 mi
AR stratified, and typically well sorted; plane-bedded sands common. North shades of brown; well sorted; loose, soft, or stiff; nonbedded, laminated, age (>49-52 Ma)(cross section D) (yTh?s studv: Whetten and oth)e/zrs foliated and locally complexly boudinaged and folded; protomylonitic, Similarl_ Va;m V\?ap or?er and others ZZOOé) reported two egrth uake clusters of focél-
PILCHUCK Qp Fork Stillaguamish River gravels contain gray or reddish gray Glacier or very thinly bedded with varves; locally contains flame and ball-and- g i ' Y ' chloritized, fractured, and veined near faults; veins of quartz common. Y gon! . P . d
. ) . . S 1988; Frizzell, 1979.) . . . . . . mechanism data consistent with north-south compression on the DDMFZ to the east
V Peak dacite clasts (5-20%); other clasts are phyllite, slate, greenstone, pillow structures and rare sand dikes; common dropstone clast types The geometry of boudins, vein arrays, S-C fabric, and lineations in of the map area. Dragovich and others (2003a,b) correlated the Darrington seismic
volcanic rocks, granite, granite pegmatite, gneiss, vein quartz, schist, include granite and greenstone; commonly interfingers with or underlies . . . protomylonitic chert at three sites near the Rock Creek fault (for P -rag . S 19
. . . . - oo . . : Mesozoic to Paleozoic Low-Grade Metamorphic Rocks . - . : . zone hypocenter data and Pacific Northwest Seismic Network data with the
,,,,,,,,,,,,,,,,,,, chert, conglomerate, sandstone, and siltstone. Pilchuck Creek alluvium recessional outwash; deposited in glacial lakes impounded by receding . . i . example, site 5) indicate left-lateral strike-slip fault motion. Whetten and . . .
: . . o . . . . . (Prehnite-Pumpellyite to Blueschist Facies) . - . S S DDMFZ main strand to the east (cross section C of Dragovich and others, 2003a)
2 consists mostly of sandy bouldery gravel with abundant greenstone. glacial ice including glacial Lake Stillaguamish of Minard (1985) (near others (1988) obtained partially recrystallized Triassic radiolarians from and inferred that the main strand shallows southward into a gently south-dippin
Overbank deposits in the North Fork Stillaguamish River valley are North Fork Stillaguamish River) and glacial Lake Pilchuck of this study HELENA-HAYSTACK MELANGE metachert in the map area (sites 3 and 8) and Middle Jurassic radiolarians . ] gently dIppIng
. . i . . . . . . regional décollement. In the present map area, the Mount Washington seismic zone
............................... mostly soft, grayish brown to olive-gray stratified sand, silt, clay, peat (near Pilchuck Creek) (cross sections A, B, C). ) . - N from near the study area (west of site 9). (This study; Tabor and others, . . . .
...... s ) . - The Helena—Haystack mélange of Tabor (1994) is a serpentinite-matrix mélange. ) . . - . (around site 12) includes a tight cluster of 39 recent earthquakes (magnitude
and muck deposits; thin (<25 ft)(cross section A). Several sticks obtained . ) . - 2002; Dethier and others, 1980.) (Also see age information for unit : : . 7
X . . . . Resistant blocks of greenstone erode out of mélange matrix as steep hillocks. 1.9-3.1, depth of 1.4-8.8 mi), recorded in the Advanced National Seismic System
from peat beds in North Fork Stillaguamish River alluvium east of the VASHON STADE Regional greenstone geochemistry suggests a mid-oceanic-ridge to oceanic-island- IMmb.) hosted by the Northern California Earthquake Data Center, that may be downdip of
............................ study area yield radiocarbon ages of 2,270 and less than 600 yr B.P. (This - . . glonal greenstone g Y sugg rag . . . . - y g ' y P
study: Dragovich and others, 2002a,b, 2003b.) _Ice-flow indicators, sedimentary structures, and facies trends show that Puget It_)be arc ophiolitic origin. Whetten and others (1_980, 1988). obtained U-Pb zircon ages of Smse Metasedlmentary rocks (Jurass!c_—Trlassm)—Metamorphosed _ar_gllllte, the main strand_ reverse fault. _ _
S ' ’ ™ ' ice advanced over the map area from west-northwest to east-southeast. Advancing 160 to 170 Ma (Jurassic) from greenstone in and outside the map area (see sites 18 siltstone, fine-grained feldspatholitic sandstone, chert, cherty argillite, The map distribution of Holocene and Pleistocene deposits suggests that lower
a Peat (Holocene)—Peat, organic sediment, and clay; mapped both in ice blocked the North Fork Stillaguamish River and Pilchuck Creek valleys, and 23). Questionable K-Ar (uplift?) plagioclase, pyroxene, and whole rock ages and tuff; angular to subrounded sandstone clasts are volcanic and (or) stratigraphic levels have been uplifted along and south of the DDMFZ main strand
P conspicuous abandoned channels within the North Fork Stillaguamish creating extensive ephemeral lakes. The resultant glaciolacustrine deposits are near and in the study area vary from 125 Ma (site 31) to 164 Ma (Bechtel, Inc., chert-rich and also contain plagioclase, monocrystalline and and implies south-side-up reverse faulting of the DDMFZ main strand. For
River and Pilchuck Creek floodplains and in poorly drained upland widespread and complexly interlayered with advance fluvial and deltaic deposits 1979). Mélange formation is likely mid-Cretaceous. However, Tertiary deformation polycrystalline quartz, quartz-mica tectonite, mica, and sedimentary lithic example, laharic valley fills thin abruptly east of the map area, south of where the
depressions containing marshes. Marshes locally contain thin beds of (cross sections A, B, C, D). Thin sections of sand show mixed Canadian and local within the DDMFZ has significantly increased the fault imbrication of tectonic fragments including rip-up clasts of argillite; metamorphic minerals DDMFZ crosses the North Fork Stillaguamish River area, indicating south-side-up
tephra from Mount Mazama (~6,900 yr B.P.). Many marshes occur along provenance. Locally, however, sand composition and stratigraphic relations indicate blocks in the map area (cross sections B, C, D). (Dragovich and others, 2002b,c,d, include epidote, chlorite, pumpellyite, prehnite, calcite, and white mica; Holocene uplift and erosion after about 5 ka (Dragovich and others, 2002a,b,
fault lineaments (this study; Dethier and others, 1980). that locally derived sand and gravel beds interfinger with Canadian-provenance 2003a,b; Tabor, 1994; Tabor and others, 2002.) rocks vary from non- to incipiently foliated or moderately fracture 2003a,b). The valley also contains uplift-related(?) older alluvial terraces and
Older alluvium (Holocene)—In the North Fork Stillaguamish River detrltqs. This suggests that de_trltu_s entering temporary bas_lns and lakes was Greenstone (Jurassic)—Metamorphosed basalt with minor andesite, cIeanzd; prqtomylonltlc, cataclastic, and brecciated near faults. (This shallow Vashon glacial deposits (cross section A)_. Also, th_ls uplift is further _
Qoa . . . . deposited by both the advancing-ice meltwater and local, ice-free streams. Jmvh - ) . S study; Dethier and others, 1980.) supported by the anomalous exposures of Olympia beds directly south of the main
valley, consists of cobble gravel, sand, and pebble gravel with minor silt, dacite, and rare rhyolite occurring as flows and less-abundant tuff; relict strand (site 30 and cross section D), Olympia beds at a shallow stratigraphic depth
forming terraces above the modern valley; gray and slightly oxidized to a Lodgment till (Pleistocene)—Unstratified, matrix-supported clayey, phenocrysts include augite, saussuritized plagioclase, and rare . Greenstone (Jurassic-Triassic)—Metabasalt; contains phenocrysts of » D1Ymp . Hgrap P
) X . . Qaty - o . ] ] L . . . . JSmvy . . } o . . along the south shore of Lake Cavanaugh (cross section B, C), erosion and removal
red color; clasts are subrounded to rounded; loose; well sorted; clasts silty, pebbly sand with disseminated cobbles and boulders; compact or hornblende; metamorphic minerals include albite, chlorite, acicular plagioclase and clinopyroxene; metamorphic minerals include chlorite of Everson recessional denosits alona and south of the main strand. and Vashon
include greenstone, greenschist, granite, gneiss, schist, pumice, phyllite, dense; grayish blue to very dark gray and mottled yellowish brown to actinolite, Fe- and Mg-pumpellyite, prehnite, stilpnomelane, aragonite, and pumpellyite; contains carbonate and quartz veins; contains advance lake and outwashpde osits h% h alona the flanks of Fraile ’ Mountain (for
. . slate, vein quartz, chert, quartzite, sandstone, siltstone, and minor Glacier brownish gray; matrix commonly consists of silty sand or sandy silt with and calcite; grayish green and weathered to dark greenish gray to amygdules and forms pillows or massive flows. (This study; Dethier and example, site 13). (Also see [F))ra ovic% and o?hers 20034 2002¢ an Adair and
...... .. Qgty Peak dacite (1-2%); 20 to 70 ft thick (cross section A). or without clay; includes Canadian-provenance and locally derived yellowish brown; flows locally contain amygdules, breccia, and pillows; others, 1980.) othersp 1’989 for 'OI mpia beds gossibl unlifted a’Ion thé DDM,FZ main strand east
....... $ Along Pilchuck Creek, best exposed at radiocarbon-age site 21 where clasts; basal clasts are commonly excavated from underlying bedrock; commonly non- to weakly foliated but locally contains strong spaced . S . ) ' ’ ymp P yup g
. . L . o . ) . . : . Marble (Jurassic—Mississippian)—Marble and limestone; locally and west of the map area.)
it consists of a fining-upward sequence of basal greenstone-rich boulder- rich in serpentinite and (or) greenstone clasts (up to 95%) where cleavage; fractured, veined, or mylonitized near faults (this study; Tabor JMmby L . L . - . o . . .
. . - . ) . X contains interbeds of metamorphosed ribbon chert and argillite; calcite Additional evidence for Holocene uplift in the DDMFZ includes uplifted river
gravel lag overlain by interlayered pebbly sand, sand, and silty fine sand overlying the Helena—Haystack mélange, including some greenstone and others, 2002). . . o . ) . . .
e o ; ) . - " ) extensional veins pervasive; dark gray, bluish gray or black; forms a terraces along Pilchuck Creek north of the main strand (see unit Qoa).
capped with interbedded peat, organic silt, and fine sand; underlain by blocks up to about 80 ft wide; a carbonate-cemented ‘till pavement’ is . . . . . L i - . . . .
- . . ) . : . . ) ) Metagabbro (Jurassic)—Medium-grained to rarely coarse-grained series of elongate, steeply dipping lenticular bodies (20-50 ft thick). The Radiocarbon-dated peat from an inset Holocene terrace suggests mid-Holocene or
w976, QgleON 4 = scoured Vashon till 10 to 15 ft above river level; forms terraces separated common where till overlies serpentinite (unit Juy); generally 10 to 20 ft Jigbp, L i - s - . . L : X . . . . .
Wz e -wes.woep . . . . ? uralitic greenstone; rare hornblende-biotite meta—quartz diorite to fine- limestone quarry at site 2 exposes a steeply dipping, lenticular marble younger uplift for at least this portion of the area (site 21). Similar uplifted terraces
W96E, '@ 7C -~ from the creek by 20 to 55 ft high scarps that may have been stranded thick, but ranges from a discontinuous veneer to a 120 ft thick layer that rained quartz amphibolite gneiss; relict minerals include saussuritized with partially faulted contacts. However, the occurrence of calcareous occur along the Pilchuck Creek to the west (cross section D). Based on these
W97A ©W9 during Holocene tectonic uplift within the Darrington—-Devils Mountain mantles topography (cross sections A, B, C, D). g - P gneiss, re . L P y . ) I . ; . g . Lo
. . . . and albitized plagioclase, augite or pigeonite, brown actinolized shale in the surrounding metachert implies that a gradational stratigraphic terraces as well as map pattern and geomorphic anomalies, we infer that fault
......... fault zone (DDMFZ). We obtained radiocarbon ages of 5,890 +60 and . . S . i S . ) . . L . . .
o Advance outwash (Pleistocene)—Medium to coarse sand, pebbly sand, hornblende, and minor interstitial quartz; metamorphic minerals include contact exists between the limestone and the surrounding chert host rocks strands within the Pilchuck Creek fault zone are locally active and may sole into the
5,600 £120 yr B.P. from twigs in the peat near the top of a terrace along Qgay . } . A : : . . o . . . . : ) . i .
> ! . . . : and sandy pebble gravel with scattered beds of cobble gravel; locally acicular actinolite, tremolite, epidote, chlorite, pumpellyite, white mica, (unit JSmcy). Also, the limestone is not internally disrupted and therefore DDMFZ décollement at depth (this study; Dragovich and others, 2002a,b,c,
........ Pilchuck Creek suggesting uplift of this terrace after about the mid- L : . . . - . . — . . ’ ] . .
------ ; contains fine sand, silt, and clay interbeds, flow till, and rare Mount St. stilpnomelane, calcite, and (or) aragonite; metamorphic recrystallization was not likely emplaced tectonically or as an olistostrome. These 2003a,b; J. D. Dragovich, Wash. Divn. of Geology and Earth Resources, unpub.
.. 580, Iy Holocene (site 21). Other poorly exposed terraces occur along the . i i ) : S ) . . . . RN
.. . . . . Helens tephra (site 14); dense or compact; commonly well sorted; mostly typically static; light to dark greenish gray weathered to yellowish or observations suggest that the limestones in the map area are similar in data, 2000-2004).
4 Pilchuck Creek in and west of the quadrangle (cross section D)(this - : . i e : AR - . e L oo . . . ) - s )
iy ) . - moderately stratified and thinly to thickly bedded; cross-stratification, grayish brown; hypidiomorphic-granular with ophitic or subophitic relict age to unit JSmc; and are thus likely Mesozoic. (This study; Danner, Further evidence for Holocene DDMFZ activity includes: (1) probable
128 136 study; J. D. Dragovich, Wash. Divn. of Geology and Earth Resources, . - - . i ; . : . ) . . ;
1064725 wi unpub. data, 2003) rip-up clasts of glaciolacustrine clay, and cut-and-fill structures common; igneous textures; generally nonfoliated, but weakly foliated to 1966; Tabor and others, 2002.) displacement of Vashon glacial strata along the main strand east of the map area
- WI26-W128 ... pub. ' ' deltaic foreset beds locally prominent; composite sections of units Qgay protomylonitic near faults. (site 8 of Dragovich and others, 2003b) and likely tectonic deformation of Vashon
L Cg' b, T - Alluvial fan deposits (Holocene)—Debris-flow diamicton and alluvial and Qgly are up to 120 ft thick and locally crudely coarsen upward,; Ultramafite (Jurassic)—Serpentinite and less-abundant talc-tremolite DARRINGTON-DEVILS MOUNTAIN FAULT ZONE glacial deposits directly south of the main strand in the map area (site 29); (2)
as Q Awios sand and gravel; mostly poorly sorted; massive to weakly stratified,; primarily fluvial to locally deltaic; overlain by till along a sharp contact Jup L - pemntin . L . . . . . liquefaction features in glacial sediments; (3) increased landslide density near the
Wide g o 4 : . . . . . : rock with minor partially serpentinized dunite, peridotite, and pyroxenite; The Darrington—Devils Mountain fault zone (DDMFZ) divides the Northwest . : . -
4 NS contains mostly angular to subangular, locally derived clasts. The and conformably overlies or is complexly interlayered with unit Qgly, . - o . ] DDMFZ; and (4) deformation of Holocene and late-glacial recessional lake
S . . . e . composed mostly of serpentine minerals such as antigorite, locally with Cascades system on the north from the Eastern and Western mélange belts on the . . - ; . -
distinction between units Qaf and Qls is at times difficult and (cross sections A, B, C, D). : L L ; . . - i sediments at the bottom of Lake Cavanaugh defined using a high-resolution seismic
. e X . relict pyroxene and (or) olivine and accessory picotite, magnesite, and south (Tabor, 1994) and is a regional structure (Dragovich and others, 2002b,c,d; . .
differentiation relies on the lobate geomorphology of alluvial fans where . . . . . . . . . . > . L2 . . : survey that imaged about 10 to 16 ft of vertical offset (Naugler and others, 1996)
- . Advance glaciolacustrine deposits (Pleistocene)—Clay, silt, and silty opaque minerals including chromite; serpentinite is greenish gray to Tabor, 1994). The DDMFZ initiated as a broad strike-slip fault zone that is over 8 . o L X
- N streams enter open-valley settings. Some alluvial fans may have been Qgly - i L - . . . . . A . . A (cross section B, C). Although the seismic profile is unpublished, Naugler and
o 5P o . : L . ) : clay with local dropstones; dropstone diamict commonly contains thin greenish black and weathered to a dark yellowish orange; massive to mi wide in the map area. It has a complex displacement history beginning at the - .
Qgay o L~ 5 initiated during late Pleistocene deglaciation. (This study; Dethier and . o . . : > o o . - - - . others (1996) suggest that our units QI and Qgle have been folded and faulted in the
< ST Bmee 60 - beds of laminated silt; locally contains thick beds of massive, clast-rich strongly foliated; locally grades to silica-carbonate rock (unit Jup). mid-Eocene (or perhaps the mid-Cretaceous) and continuing to recent times . .
~ . f\F\ _gf others, 1980.) o . . S . Holocene and that the DDFMZ main strand has about 3 to 5 m of vertical offset.
S ;= diamicton that may be flow till (or iceberg melt-out till); locally contains - . - . N (Johnson and others, 2001). . : - . .
. L . . . . . - . Silica-carbonate rocks (Jurassic)—Silica-carbonate mineralization : . They emphasize Holocene strike-slip offset versus our inference that the main
- Landslide complexes (Holocene)—Diamicton; contains locally derived interbeds or lenses of medium to very thick beds of fine sandy silt, sand, Jup roducts (listwaenites) resulting from metasomatism of ultramafites; Dragovich and others (2002c, 2003a,b) modeled the Tertiary fault zone as a strand has laraelv reverse offset in the Holocene
angular to subangular clasts, but may contain some rounded clasts where and gravel; blue gray or gray, weathered to yellowish brown; stiff or Eontains ods of incomoletel gltered serpentinite and brecciated silica- flower structure within an overall left-lateral transpressional fault regime with many gely '
sourced by Quaternary deposits; poorly sorted and unstratified; mostly dense; varies from massive to thinly bedded, laminated, or varved; soft- carbonateprock' mineralz incI{Jde microcrpstalline uartz and maanesite en echelon fault segments and imbricate tectonic blocks. We envision a similar ACKNOWLEDGMENTS
includes slump-earthflows, debris slumps, debris flows, and rock sediment and (or) ice-shear deformational features include contorted in rouahly e uél amounts. with ma nesitgformin qa reqates angd vein deformational style for the current study area (cross sections B, C, D). Right-lateral
avalanches. The large Mount Washington rock avalanche has 2.3 mi of bedding, overturned folds, and flame structures. Overturned fold swarn?S' %aqneti te. ovri te’ and mar?:asi te occur asgac?:%ssgr minerals: strike-slip antithetic faults such as the Mount Washington and Frailey Mountain This report was produced in cooperation with the U.S. Geological Survey National
run-out and may have been seismically induced. Some landslides may geometry is consistent with east-southeast-directed ice shear during ice locall éontgins talz:p%/remalite and chlorite: vugs contain {lartz with’ fault zones are subparallel to northwest-trending en echelon fold axes. These Cooperative Geologic Mapping Program Agreement Number 03HQAG0086. We
have initiated during late Pleistocene deglaciation. (This study; Dethier advance up the major river valleys. This unit is locally underlain by unit over. )r/owths of dolo’mite' com;wwonl dis Ia, s cgm osition(lll banded elements merge with the left-lateral main strand of the DDMFZ and subparallel thank Ryan Bradley for exceptional field assistance; Diane Johnson and Charles
and others, 1980.) Qc, and locally overlain by, and (or) interbedded with, unit Qga, (cross veing of replacement ban’ds of uart); mg n{\site cﬁalcedon yand master faults such as the Rock Creek, Pilchuck Creek, and Big Lake fault zones. Knaack (Wash. State Univ.) for geochemical sample analysis; Jeff Jones
. sections A, B, C, D). Sites 13 and 19 are well-exposed examples of very L P d » Mag ’ : Y. . Field and microscopic examination of boudins, extensional veins, and S-C (Snohomish County) for providing geotechnical-boring logs; Rowland Tabor (U.S.
Talus deposits (Holocene)—Poorly sorted angular gravel and sandy . . . : . . dolomite; brown to orange-brown weathered to a reddish or brownish . L . A . L - . . . . 2 . A
Qt . A thickly interbedded deltaic or glaciofluvial advance outwash (unit Qgay), ) . . - intersections in areas containing steeply dipping cataclasite or protomylonite with Geological Survey emeritus) for enlightening discussions; and Washington Division
boulder gravel derived from exposed greenstone cliffs; includes rock- . : . yellow; metasomatism causes the unusual occurrence of resistant ridges : A . .S ; s A ;
X . dropstone diamicton, and glaciolacustrine clays. : . o shallow slickenlines indicate largely strike-slip kinematics within these fault zones of Geology and Earth Resources staff members Bill Lingley for landslide
avalanche, rock-fall, and rockslide deposits. along fault zones (for example, ridge at site 22). Some metasomatism is . ) ; : .
clearly associated with hvdrothermal alteration alond DDMEZ (for example, sites 5, 11, 13 and 22). information, Josh Logan and Tim Walsh for map reviews, and Tara Salzer for
- Lake deposits (Holocene)—Sand, silt, and fine sand deposited in Lake Deposits of the Olympia Nonglacial Interval Elsew);lere metasomatis% mav have been driven b gh drotherr.nal There was no obvious active DDMFZ faulting during the open-basin deposition clerical support.
Cavanaugh; overlies glaciolacustrine deposits; interfingers with units Qls . . L ' may | - y hy . of the Coal Mountain unit. However, younger Chuckanut Formation units near the
. ) . . Olympia beds of Armstrong and others (1965) (Pleistocene)— alteration around Eocene intrusive bodies (cross sections B, D). (This : N .
and Qaf. We infer a maximum thickness of 55 ft (cross sections B, C). Qco ) ) . study area have a local provenance and sedimentary structures indicative of active
. i Boulder gravel, cobble gravel, pebble gravel, sand, silt, clay, peat, and study; Dragovich and others, 2002b,c, 2003a,b.) . - . . .
(This study; Naugler and others, 1996.) - 2 i . . strike-slip faulting along the DDMFZ and development of regional tectonic
minor diamicton; very compact, well sorted, and very thin to thick . . . o . . . .
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White Chuck assemblage of Beget (1981)—Lahar deposits composed
of noncohesive ashy pebbly sand and minor pumiceous alluvium; light
reddish brown; compact; contains homogeneous dacite (67% SiO,; site
4) and white pumice clasts up to 2 in.; dacite composes about 95 percent
of the pebble and cobble component and is light to dark gray or weak
red; dacite clasts are mostly subangular and vesicular; also contains rip-
up clasts of glaciolacustrine clay up to 16 in. and rare clasts of White
Chuck vitric tuff; symmetrically graded and 5 ft to 40 ft thick; caps an
inset recessional outwash terrace 100 to 160 ft above the North Fork
Stillaguamish River (cross section A). The White Chuck assemblage
(~11,200-12,700 yr B.P.) resulted from Glacier Peak eruptions during
deglaciation. (Beget, 1981; Dethier and others, 1980; Dragovich and
others, 2002a,b,c,d; 2003a,b; J. D. Dragovich, Wash. Divn. of Geology
and Earth Resources, unpub. data, 2000-2004.)

Qvly,

PLEISTOCENE GLACIAL AND NONGLACIAL DEPOSITS

common; iron-stained fluvial boulder gravel lag, cobble and pebble
gravel, and sand deposits (site 30) contain abundant greenstone,
serpentinite, and pyroxenite derived locally from the Helena—Haystack
mélange; located immediately south of the main strand of the DDMFZ.
Petrographic comparisons of sands at this site with nearby modern
Pilchuck Creek alluvium indicate that both have similar composition (for
example, 15-25% ultramafite and 5-10% greenstone). Using composi-
tional and stratigraphic criteria, we correlate this alluvium with the
Olympia beds (cross section D). Dragovich and others (2003a) obtained
ages of 38,560 +640 and 35,040 +450 yr B.P. from Olympia beds
adjacent to the DDMFZ main strand east of the study area. Generally,
unit Qc, forms a dissected pre-Vashon stratum in the subsurface (cross
section A) that is inferred to be gently folded and tectonically uplifted
south of the main strand of the DDMFZ (cross sections B, C, D).

Pre-Fraser Glacial Deposits

Older till (Pleistocene) (cross sections only)—Clay, silt, sand, and

metashale and metachert; weathered bluish or dark greenish gray;
metamorphic minerals are chlorite, white mica, epidote, graphite, and
lawsonite; locally well stratified and very thinly bedded; phyllite
characterized by a strong S1 (first-generation) phyllitic to slaty cleavage
with local F2 (second-generation) folds, L2 crenulations, and F3 (third-
generation) kinks; most rocks very thinly bedded from meta-argillite to
metasandstone; bedding subparallel to the S1 cleavage in F1 fold limbs
and nonparallel in fold hinges.

WESTERN AND EASTERN AND MELANGE BELTS
AND THE TRAFTON SEQUENCE

The Western and Eastern mélange belts of Tabor and others (2002) are submarine-
fan to deep-oceanic deposits. Volcanic sandstone provenance and the occurrence
locally of tuff and flow interbeds are suggestive of near-volcanic-edifice deposition.
This is consistent with the basalt geochemistry, which consistently indicates an
intraplate seamount (hotspot) setting. Prehnite—pumpellyite facies assemblages are

during this time. Mélange-belt emergence suggests strike-slip faulting with an
oblique south-side-up component producing transpressional uplift of highlands. The
synchronous initiation of early middle Eocene volcanism, preserved in local
transtensional basins, likely accompanied this change to closed basins and local

Natural Resources will not be liable to the user of this product for any activity involving the product with respect to the
following: (a) lost profits, lost savings, or any other consequential damages; (b) the fitness of the product for a particular
purpose; or (c) use of the product or results obtained from use of the product. This product is considered to be exempt
from the Geologist Licensing Act [RCW 18.220.190 (4)] because it is geological research conducted by the State of
Wiashington, Department of Natural Resources, Division of Geology and Earth Resources.
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— = = =+« & Fault, unknown offset—Dashed where inferred; dotted where
concealed; queried where uncertain

—T— -+ % Normal fault—I_Bar and ball on do_wnthrown side; dotted where
concealed; queried where uncertain

REFERENCES CITED

Adair, M. J.; Talmage, R. H.; Crosby, T. W.; Testa, S. M., 1989, Geology and seismicity of the
Skagit Nuclear Power Plant site. In Galster, R. W., chairman, Engineering geology in
Washington: Washington Division of Geology and Earth Resources Bulletin 78, v. I, p.
607-624.

Armstrong, J. E.; Crandell, D. R.; Easterbrook, D. J.; Noble, J. B., 1965, Late Pleistocene
stratigraphy and chronology in southwestern British Columbia and northwestern
Washington: Geological Society of America Bulletin, v. 76, no. 3, p. 321-330.

. L. ot . . . . ) widespread in the belts. The probable lack of metamorphic aragonite suggests that ——mm— e Reverse fault—R on upthrown side; dashed where inferred; dotted
Deposits of the Fraser Glaciation gcr)?\r/e?l;?o\rqavr\;?tﬁstEgolfcc))srglec;rs]isc;r\:thrai(i::ttits;eii (t:g:tglt?\s/ean\?v:?jglﬂgrtséssi na the belts have not undergone the high-pressure metamorphism typical of the R where concealed Bechtel, Inc., 1979, Report of geologic investigations in 1978-1979; Skagit Nuclear Power
Deposits of the Vashon Stade and Everson Interstade of the Fraser Glaciation . o X o 9 Northwest Cascades system. Although both belts have an argillite—phyllite mélange - I . . Project: Puget Sound Power and Light Company, 3 v., 3 plates.

. ) formal geologic symbol to this unit to emphasize the tentative nature of . 7 . . I Strike-slip fault—Arrows show apparent relative motion; dashed where ) ST ) ]

blanket the map area. VVashon Stade continental ice advanced easterly up the North . - ’ . L matrix, the Eastern mélange belt is less foliated than the Western belt. The Trafton inferred: dotted wh led Beget, J. E., 1981, Postglacial eruption history and volcanic hazards at Glacier Peak,
Fork Stillaguamish River and Deer Creek valleys about 15,500 yr B.P., blocking the this correlation with Possession Glaciation. sequence of Danner (1966) is likely correlative with the Eastern mélange belt, and _ " e_rre ' ? ee where conceale _ Washington: University of Washington Doctor of Philosophy thesis, 192 p.
major river valleys and forming temporary lakes in front of the advancing ice. Older outwash (Pleistocene) (cross sections only)—Sand, gravel, silt, both have been thrust over the Western belt. Furthermore, both belts may originally —— - 7 Oblique-slip fault—Bar and_bal-l on downthrown side; arrows show Blakely, R. J.; Wells, R. E.; Weaver, C. S., 1999, Puget Sound aeromagnetic maps and data:
Everson Interstade deglaciation commenced about 13,500 yr B.P., and the map area °® | clay, and diamicton; sand and gravel directly below unit ot may have been thrust over rocks of the Northwest Cascades system. However, Tertiary apparf”,t relative lateral motion; dotted where concealed; queried where U.S. Geological Survey Open-File Report 99-514, version 1.0 [accessed Oct. 3, 2000 at
was probably fully deglaciated by about 11,500 yr B.P. (Armstrong and others, correspond to the Possession outwash; also includes undivided pre- fault rejuvenation in the DDMFZ has largely modified primary Cretaceous thrust- uncertain http://geopubs.wr.usgs.gov/open-file/of99-514/]
1965; Pessl and others, 1989). Possession glacial or nonglacial sediments below the inferred outwash. fault contacts in the map area. (This study; Tabor, 1994; Tabor and others, 2002; —— - - - Reverse and strike-slip fault—R on upthrown side; arrows show Danner, W. R., 1966, Limestone resources of western Washington; with a section on the Lime

EVERSON INTERSTADE

In the map area, fluvial, deltaic, and lacustrine recessional deposits display lateral
and vertical facies changes that are commonly gradational and interfingering. The
provenance of fluvial and glaciolacustrine outwash sands differs between the North
Fork Stillaguamish River and Pilchuck Creek recessional valley trains. Both have a

We do not assign a formal geologic symbol to this unit to emphasize the
tentative nature of this correlation with Possession Glaciation.
Tertiary Intrusive, Volcanic, and Sedimentary Rocks

Although controversial, we follow Tabor and others (2002) and correlate the
volcanic rocks in the study area with the Barlow Pass Volcanics. (Compare Tabor

Whetten and others, 1988.)

Rocks of the Western Mélange Belt

Heterogeneous metamorphic rocks, chert-bearing (Cretaceous—
Jurassic)—Semischistose lithofeldspathic to volcanolithic subquartzose
metasandstone, slate, phyllite, locally abundant metachert, and rare

Kihmcyy

apparent relative lateral motion; dashed where inferred; dotted where
concealed. We suspect that the main strand of the Darrington-Devils
Mountain fault zone has Tertiary left-lateral and (or) oblique offset and
Quaternary reverse offset (see section on Darrington—-Devils Mountain
fault zone in text)

v—v— * v* * * v Thrust fault—Sawteeth on upper plate; dotted where concealed
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Pilchuck Creek recessional sands contain abundant clasts of local and ‘local-east’
provenance eroded from the Easton Metamorphic Suite and Helena—Haystack
mélange. About 40 to 65 percent of clasts in Pilchuck Creek recessional outwash are

Eocene to the earliest Oligocene. Volcanic rocks mostly overlie the volcanic-lithic-
poor lower Eocene Coal Mountain unit of the Chuckanut Formation (Evans and
Ristow, 1994). Regionally, the Coal Mountain unit generally lacks volcanic

pumpellyite, chlorite, epidote, and sericite; commonly medium- to thick-
bedded with rhythmite and laminate bedding, graded bedding, and load
casts locally well preserved; typically moderately to strongly foliated.

Late Pleistocene to Holocene terrace or landslide scarp—Hachures
point downslope

Report 2002-6, 1 sheet, scale 1:24,000.
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at the base of the Chuckanut Formation (unit Ecc) may connect to the Mount Washington

seismic zone at depth (see site 12 on map)
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