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Monroe fault (MF), Monroe anticline (MA), and Monroe syncline (MS) are simplified from Dragovich and others (2015, fig. 10). The 
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MAJOR FINDINGS
• Eighteen new geochemical samples and a new ~44 Ma U-Pb date from the volcanic rocks of Mount Persis reflect 

signatures of the nascent Cascade arc in the mid-Eocene.

• Refugian-stage foraminiferal and Galvinian-stage molluscan biostratigraphy below a ~28 Ma U-Pb date of 
interbedded tuff shows that sedimentary rocks are older than previously inferred and record an Eocene or early 
Oligocene marine transgression.

• Luminescence and finite radiocarbon chronology constrain glacial and nonglacial Quaternary deposits between 
Marine Isotope Stage 2 (MIS 2), and MIS 4. Results may demark a minimum limiting age for the Possession 
glaciation.

• A west-northwest tracing bedrock anticline records late Oligocene or younger north-northeast-directed shortening 
and may connect to other regional structures.

DESCRIPTION OF MAP UNITS
(see pamphlet for detailed map unit descriptions)

Quaternary Unconsolidated Deposits

HOLOCENE NONGLACIAL DEPOSITS

  Artificial fill—Major road fill placed to elevate the land along road or railways; likely engineered; may 
include sand, cobbles, pebbles, boulders, silt, clay, organic matter, rip-rap, and concrete, in varied 
amounts; includes industrial or household waste in landfills.

  Modified land—Boulders, cobbles, pebbles, sand, silt, clay, diamicton, and organic matter, in varied 
amounts; locally derived but redistributed to modify topography; underlying units exposed in some areas.

LATEST PLEISTOCENE TO HOLOCENE NONGLACIAL DEPOSITS

  Peat—Organic material and organic-rich sediment; includes peat, gyttja, muck, silt, and clay, with plant or 
woody debris; rare volcanic ash or pumicite; dark brown or olive-brown; soft; typically wet and may 
include standing water.

  Landslide deposits—Cobbles, pebbles, sand, silt, clay, boulders, and diamicton, in varied amounts; in 
slide bodies and toes; angular to rounded clasts and grains; unsorted; generally loose, jumbled, and 
unstratified.

  Mass-wasting deposits—Cobbles, pebbles, sand, silt, clay, boulders, and diamicton, in varied amounts; 
loose; often wet; generally unsorted; shown along potentially or demonstrably unstable slopes; includes 
colluvium and (or) landslides too small to map separately.

  Alluvium—Sand, pebbles, silt, clay, peat, cobbles, and organic material; dark brown to gray; loose; 
moderately to well sorted; stratified; deposited in flood plains, stream channels, and on terraces.

  Alluvial fan deposits—Pebbles, sand, silt, cobbles, and boulders, in varied amounts; typically brown to 
gray; loose; moderately to poorly sorted; weakly to well stratified; forms gently dipping lobe-shaped 
surfaces where streams emerge from confining valleys.

PLEISTOCENE GLACIAL AND NONGLACIAL DEPOSITS

Deposits of the Vashon Stade of the Fraser Glaciation

  Vashon recessional outwash—Sand and pebble to cobble gravel; some silt and clay; gray to tan where 
fresh; loose or soft to medium soft; subangular to well-rounded polymict clasts; moderately to well sorted; 
weakly to well stratified. Locally subdivided into:

  Vashon recessional outwash, sand—Sand with silt, rare pebbles, and clay; gray to pale brown 
where fresh, orange-brown where weathered; sand subangular to subrounded; moderately to 
well sorted; loose to medium dense; massive to poorly bedded.

  Vashon ice-contact deposits—Diamicton (ablation till, flow till, or melt-out till and supraglacial 
sediment); includes poorly compacted or patchy lodgment till; pale gray, tan, or brown where fresh, 
orange-brown where weathered; compaction, sorting, and degree of stratification varied; supraglacial, 
subglacial, or ice-marginal origin; often associated with hummocky or irregular morphology.

  Vashon lodgment till—Diamicton; gray to brown; lightly to unweathered; unsorted; unstratified; 
compact; stiff to very stiff; gravel to very large boulders angular to subrounded and supported in a matrix 
of sand, silt, and clay.

  Vashon advance outwash, undivided—Sand, pebble to cobble gravel, silt, and clay, in varied amounts; 
blueish gray, brown, or gray to tan; orange-stained where weathered; compact; sand medium dense to 
dense; mud medium soft to very stiff; clasts typically rounded and moderately sorted; commonly stratified. 
Locally subdivided into:

  Vashon advance outwash, sand—Sand and sparse gravel; pale gray to pale brown; 
orange-brown where weathered; loose to dense; clasts subangular to subrounded; well sorted; 
massive to planar-bedded; local thin, planar silt interbeds.

  Vashon advance outwash, silt and clay—Silt and clay with sparse gravel; blue-gray to 
gray-brown where fresh, dark brown where weathered; stiff to hard; well sorted; locally sandy; 
mostly glaciolacustrine with dropstones; thinly bedded to laminated with rhythmic bedding.

Pre-Vashon Glacial and Nonglacial Deposits

  Deposits of the Olympia nonglacial interval (MIS 2–3), sand and silt—Sand and silt with minor clay 
and gravel; blue-gray to brown-gray where fresh, orange-brown where oxidized, dark brown where 
organic-rich; very stiff to hard; moderately to very well sorted; micaceous; medium bedded to laminated.

  Deposits of the Olympia nonglacial interval (MIS 2–3), gravel—Pebble and cobble gravel in coarse 
sand matrix, rare small boulders; gray-brown to dark brown, orange-brown where weathered; matrix- to 
clast-supported; clasts subrounded to rounded; moderately to well sorted; weakly stratified and imbricated.

  Pre-Vashon sand—Medium sand; pale brown to light gray where fresh, orange-brown to gray-brown on 
weathered faces; medium dense to dense; well sorted; massive or thin to medium planar bedded; 
discontinuous, thin lens-shaped beds of pebbly sand; centimeter-scale ripple bedforms.

  Pre-Vashon till—Diamicton; locally sandy; gray, blue-gray, or brown where fresh, orange brown on 
weathered faces; massive; compact, locally resembles concrete; local shear fabric; polymict clasts. 
Mapped based on stratigraphic position; poorly exposed.

  Pre-Vashon glacial and nonglacial deposits, undivided—Sand, silt, clay, pebble gravel, diamicton, 
organic debris, and boulders, in varied amounts; color, weathering, rounding, sorting, and bedding varied; 
compact. 

Tertiary Bedrock

  Nearshore sedimentary rocks (Oligocene to late Eocene)—Siltstone to coarse-grained sandstone rare 
pebble conglomerate; brown or gray to dark gray; orange-brown or tan to dark gray on weathered surfaces 
with hackly concentric weathering pattern; typically tuffaceous and fossiliferous; well lithified to friable; 
massive to very thickly planar bedded; rare crossbedding. Locally subdivided into:

  Tuff (Oligocene)—Coarse rhyolitic crystal vitric (ash) tuff; white to light gray on fresh faces, 
tan to gray on weathered surfaces; very strongly lithified; massive with local faint stratification; 
line and point units only.

  Continental sedimentary rocks (early Oligocene to Eocene)—Sandstone and pebble and cobble 
conglomerate, with minor siltstone and shale; tan to brown or gray-brown when fresh, tan to red-brown 
where weathered; well indurated but locally friable; clasts subrounded; crossbedded and imbricated; 
terrestrial plant fossils and thin coal stringers common.

  Volcanic rocks of Mount Persis of Tabor and others (1993), undivided (mid- to late Eocene)— 
Andesite and dacite flows, autoclastic breccia, block-and-ash flows, dikes, rare tuff, and volcaniclastic 
boulder breccia; gray to dark gray; well indurated; fine to coarse grained; massive; columnar jointed. 
Locally subdivided into:

  Dikes—Andesite and dacite dikes around the flanks of Lord Hill; steeply dipping with various 
orientations; planar to gently undulating; locally glassy with rare andesite xenoliths. 

  Puget Group, undivided (Eocene)(cross sections only)—Arkosic sandstone, tuffaceous sandstone, tuff, 
tuff breccia, andesitic conglomerate, and less common siltstone and coal; not exposed in outcrop; inferred 
from oil and gas wells west of the map area.

  Western mélange belt of Frizzell and others (1987), undivided (Cretaceous to Jurassic)(cross 
sections only)—Metamorphosed argillite, sandstone, chert, pebble conglomerate, tuff, and intermediate to 
mafic volcanic flows; less common gabbro, diabase, and tonalite; rare marble and ultramafic rocks; not 
exposed in outcrop or known from subsurface explorations; inferred from geophysical and regional 
mapping and susbsurface data.
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Abstract—No. 387-4 (304000):

We present a new geologic map of the Maltby 7.5-minute quadrangle at 
1:24,000 scale. The densely populated quadrangle located 30 km northeast 
of Seattle, which has not been mapped in detail since the 1980s, spans the 
projected intersections of several active regional tectonic structures. We 
support the map with new field work, lidar, existing subsurface explora-
tions, geochemistry, palynology, and U-Pb, luminescence, radiocarbon, and 
biostratigraphic chronology. We compare mapped geology with new iso-
static gravity and existing aeromagnetic data for further observations of 
structural features in this complex area.

New radiocarbon and luminescence chronology constrains pre-Vashon stra-
tigraphy of the Olympia non-glacial interval and may provide a limiting 
date for the end of the Possession Glaciation. New U-Pb zircon ages for 
both volcanic (~44 Ma) and sedimentary (~28 Ma) bedrock units are pre-
sented. Geochemical analyses of 18 samples of the volcanic rocks of Mount 
Persis range from andesite to dacite and most have adakite affinities.

Skyler P. Mavor—Washington Geological Survey, Department of Natural Resources; Colorado State University
Mitchell Allen—Forest Practices Division, Washington Geological Survey, Department of Natural Resources
Jeffrey H. Tepper—University of Puget Sound
Elizbeth A. Nesbitt—Burke Museum, University of Washington
Shannon A. Mahan—U.S. Geological Survey, Denver Federal Center
Recep Cakir—Washington Geological Survey, Department of Natural Resources
Bruce A. Stoker—Earth Systems
M.L. Anderson—Colorado College

GEOLOGIC MAP OF THE MALTBY 7.5-MINUTE QUADRANGLE,
SNOHOMISH AND KING COUNTIES, WASHINGTON

We compare these data with existing analyses of the volcanics and discuss a 
relation to the earliest stages of subduction-related magmatism as the 
modern Cascade arc initiated in the Eocene. We refine the stratigraphy of 
fossiliferous Tertiary sedimentary bedrock with constraints from U-Pb zircon 
chronology, as well as foraminiferal and molluscan biostratigraphy, and de-
scribe an Eocene-Oligocene transition from continental to mid-shelf environ-
ments with evidence for diffuse methane seep colonies. Biostratigraphy leads 
us to infer that most of the exposed sedimentary bedrock predates the Blake-
ley Formation type section, in contrast to correlations drawn by previous 
workers. A major bedrock anticline in the map area reflects Oligocene or 
later NNE-SSW compression and may be tied to a complex interaction of re-
gional structures concealed by Quaternary cover. Detailed mapping is unable 
to further constrain the surficial trace of the active Southern Whidbey Island 
Fault zone or Monroe Fault, though geophysical lineaments indicate that 
strands of these structures extend through the quadrangle and merge with 
previously mapped faults to the southeast. Our new map concludes a de-
cade-long campaign of detailed geologic mapping by the Washington Geo-
logical Survey in the eastern Puget Lowland.
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