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MAJOR FINDINGS

• Vashon Stade kame and glaciolacustrine sediments perched along mountainsides were 
deposited early in the ice-recessional history. The Tokul Creek glaciofluvial delta is a 
complex of several inset deltas graded to glacial Lake Snoqualmie.

• Uplift and inversion of ancient Snoqualmie River sediments (Olympia beds) between 
strands of the Rattlesnake Mountain fault zone (RMFZ) in the southwestern part of the 
map are characteristic of an inverted basin. Currently active(?) basins within the RMFZ 
include the North Bend, Snoqualmie, and Snoqualmie Valley basins.

• The RMFZ probably joins the active Southern Whidbey Island fault zone about 8 mi 
northwest of the study area.

• The volcanic rocks of Snoqualmie Falls are the same Miocene age as the Snoqualmie 
batholith and likely represent a related volcanic center that intruded the RMFZ and is 
preserved in a transtensional basin within it. This volcanic center may have been fed by 
the Snoqualmie batholith.

DESCRIPTION OF MAP UNITS

We used the Udden-Wentworth scale (Pettijohn, 1957) to classify unconsolidated 
sediments, Dickinson’s (1970) terminology for sandstones, and Le Maitre’s (2002) 
terminology for volcanic rocks. Clinopyroxenes are described as ‘augite’ but may include 
other petrographically similar clinopyroxenes. Thin-section point-count data on the 
sand-size fractions aids differentiation of several glacial and nonglacial units (Dragovich, 
2007). An important compositional discriminator for Quaternary geologic units is the 
average percentage of monocrystalline quartz (Qm) versus quartz mica tectonite / 
polycrystalline quartz / chert (Qp) versus potassium feldspar (PF) normalized to just the 
three component system and shown as QmxQpxPFx (Dragovich, 2007; Dragovich and 
others, 2009a,b). Percentages given for individual mineral or lithic grains in the unit 
descriptions are not normalized and represent the whole population. We use the time scales 
of the U.S. Geological Survey (USGS Geologic Names Committee, 2007) and Wolfe and 
others (1998). Sources of geologic mapping include Tabor and others (1993), Booth (1990), 
Associated Earth Sciences (1987, 2003), and Walsh (1984). The Tokul Creek, Griffin 
Creek, and Snoqualmie Valley faults, as well as Rattlesnake Mountain faults (RMF) nos. 
11A and 11B are informally named herein. See Dragovich and others (2007, 2009b) for 
earlier mapping of RMF nos. 1 though 11 and the Lake Alice fault in adjacent quadrangles. 
The Snoqualmie Valley and North Bend basins were named by Dragovich and others 
(2007, 2009b). The volcanic rocks of Snoqualmie Falls and the Snoqualmie basin are 
informally named herein. Snoqualmie Ridge is an informal geographic name for the ridge 
north of Interstate 90 (I-90) that extends from the Lake Alice area in the Fall City 
quadrangle east to the City of Snoqualmie. References are on Plate 2.

QUATERNARY SEDIMENTARY DEPOSITS

Holocene Nonglacial Deposits

  Artificial fill and modified land (Holocene)—Mixed earth materials, including 
sand and gravel fill and natural deposits disturbed at major construction sites 
that significantly obscure the original strata. Includes fill along major highways, 
such as I-90.

  Peat (Holocene)—Peat, muck, organic silt and clay, with thin beds of tephra; 
loose or soft. Peat occurs in abandoned channels in the Snoqualmie River valley 
and the Griffin and Tokul Creek alluvial plains, and in upland depressions, 
hummocks, and kettles over low-permeability glacial deposits (Booth, 1990).

  Alluvium (Holocene)—Sand and silt with lesser gravelly sand, sandy pebble 
gravel, peat, and organic sediments; subrounded to rounded clasts; loose; well 
stratified and sorted; plane-bedded sands common. Tokul and Griffin Creek 
alluvium is mostly gravel and gravelly sand, dominated by local volcanic and 
metamorphic clasts. Snoqualmie River alluvium contains sand, clay, organic 
mud, and peat. Sands (Qm62-65Qp12-20PF15-26; critical sites 9H and 22H) are 
comprised of monocrystalline quartz (~22%) and potassium feldspar (~7%) with 
mica (~2%) and are compositionally similar to ancient Snoqualmie River 
alluvium of the Olympia beds (unit Qco)(Dragovich and others, 2009a,b). These 
sands have a Snoqualmie batholith and Tertiary volcanic igneous signature and 
contain fewer metamorphic lithic clasts, chert, and polycrystalline quartz than 
northern-source glacial deposits (Dragovich, 2007; Dragovich and others, 2007, 
2009a,b). Associated Earth Sciences (1995) and GeoEngineers (1995) reported 
radiocarbon ages of 3,040 ±80 and 5,720 yr B.P. from the western part of the 
Snoqualmie basin (ages 4a and 5a in Cross Section A and Table 1 on Plate 2; 
Dragovich and others, 2009b), suggesting that Snoqualmie River alluvium 
thickens along the western margin of the Snoqualmie basin, possibly due to 
Holocene tectonism.

  Older alluvium (Holocene and latest Pleistocene?)—Similar to sediment types 
in unit Qa, but elevated above modern flood-plain level and generally separated 
from it by a topographic scarp. Older alluvium has the same Snoqualmie batho- 
lith and Tertiary volcanics signature as units Qa and Qco. Local contact relations 
with units Qglr and Qgos are poorly exposed. Unit Qoa sediments may be 
locally uplifted along strands of the RMFZ. A sand dike was observed in unit 
Qoa at critical site 9V.

  Landslide deposits (Holocene to latest Pleistocene)—Diamicton or silty sandy 
gravel with boulders and cobbles; contains minor sand or gravel beds where 
modified by stream processes; loose or soft; typically poorly sorted and 
nonstratified. Clasts are angular to subangular where derived from bedrock, but 
may be rounded where landslides originate in Quaternary deposits. Some 
landslide complexes grade into unit Qaf. Landslides include slump-earthflows, 
debris slumps, debris flows, and rock avalanche deposits. The Rattlesnake 
Mountain landslide is a large slump-earthflow that originated in low-strength, 
altered volcanic rock and clayey fault gouge of RMF nos. 3 and 4. Unit Qls 
includes chaotic, stratified slump blocks or debris-flow aprons originating 
in recessional deposits. Some landslides initiated during late Pleistocene 
deglaciation and remain active, such as the Tokul landslide complex that failed 
onto the top of the Tokul Creek delta. Some of the thick talus deposits mantling 
the slopes of Mount Si and Little Si in the southeastern corner of the map are the 
result of seismically induced rock avalanches.

  Alluvial fan deposits (Holocene to latest Pleistocene)—Debris-flow diamicton 
and alluvial sand, gravel, and (silty) boulder gravel; loose; mostly poorly to 
moderately sorted and stratified. Some fan deltas in late-stage proglacial lakes 
were later covered by aggrading Holocene alluvial fans. Several fans may have 
received high sediment fluxes following seismic events. Fans have more regular 
lobate geomorphology than landslide complexes (unit Qls) but may be locally 
gradational with them.

Pleistocene Glacial and Nonglacial Deposits

DEPOSITS OF THE FRASER GLACIATION (Armstrong and others, 1965)

Vashon Stade Recessional Deposits

  Deltaic outwash (Pleistocene)—Sandy cobble gravel, gravel, and pebbly sand; 
loose; moderately to well sorted; thin to very thickly bedded and well stratified; 
contains high-amplitude planar foreset beds graded to temporary ice-dammed 
lake levels. Lithic sands of Tokul Creek delta have a strong local mélange belt 
and Tertiary volcanic provenance with abundant metasandstone, meta-argillite, 
chert, greenstone, volcanic lithic clasts, amphibolite, and minor serpentinite 
clasts, with low monocrystalline-quartz grain content. This delta was fed by 
streams that vigorously incised the unstable upland surfaces and local bedrock 
that became exposed as the ice melted. Deltaic deposits commonly grade 
laterally or downslope to bottomset beds of glaciolacustrine sand (unit Qgos) 
and (or) silt (unit Qglr). Braided river gravels (unit Qgof) cap deltas. The Tokul 
delta of Mackin (1941) is a complex of several inset deltas that graded to a 
falling glacial Lake Snoqualmie water surface. Several smaller deltas in the map 
area are also graded to varying proglacial lake levels within the Snoqualmie 
valley. Deltas that are higher in elevation are generally older Vashon Stade 
recessional deposits graded to relatively small proglacial lakes. Deltas are 
unkettled and lack other evidence for near-ice deposition and are thus mostly 
younger than nearby ice-contact deposits.

  Ice-contact deposits, undivided (Pleistocene)—Bouldery cobble gravel, 
diamicton, silty pebbly gravel, and pebbly sand with lesser sand and silt; loose; 
mostly moderately stratified and medium to very thickly bedded; variably sorted 
with abrupt grain-size changes common. Ice-contact primary structures include 
oversteepened and contorted bedding and other ice-shear or slump features. 
Soft melt-out, flow, and water-laid diamictons are interstratified with granular 
supraglacial, englacial, and subglacial meltwater deposits. (See subglacial 
depositional model of Booth, 1984, 1986, 1990.) The deposit surface is typically 
hummocky; numerous kettle depressions indicate sedimentation in, around, and 
on stagnant or active ice in moraine and pitted outwash-plain settings. 
Ice-contact deposits locally are overlain by, or laterally grade into, ice-marginal 
sandy or silty lake deposits (units Qgos and Qglr). Unit Qgic along the eastern 
wall of the Snoqualmie valley indicates that a tongue of ice persisted during 
deglaciation (Booth, 1990). Smaller deposits are present where active ice lobes 
were stable long enough for debris to accumulate. Includes unit Qgi of 
Dragovich and others (2007, 2009b). Locally divided into:

  Ice-contact kames and kame deltas (Pleistocene)—Sand and 
gravel, pebbly sand, sand, and cobble gravel, with scattered lenses of 
diamicton; loose; medium to very thickly bedded or rarely massive; 
moderately to well stratified; commonly contains local till or silt 
rip-up clasts, crossbedding, cut-and-fill structures, and oversteepened 
or slumped bedding. These elevated fluvial-deltaic deposits were 
mapped where sedimentary structures, geomorphology, and (or) 
geologic setting imply lateral ice buttressing. A wasting ice tongue 
occupied the Snoqualmie valley during ice recession, resulting in 
perched ice-contact deposits, such as kames, veneering parts of the 
valley walls. Some kames grade laterally into kame deltas and (or) 
proglacial lake deposits (units Qgos and Qglr).

  Fluvial outwash deposits (Pleistocene)—Bouldery cobble gravel, pebbly sand, 
sand, and rare silt; loose; moderately to well stratified; commonly contains 
medium to very thick subhorizontal beds; contains local bar or ripple 
crossbedding; lacks ice-contact sedimentary structures and other geomorphic 
and stratigraphic evidence for nearby ice. Sands locally have a strong mélange 
belt and Tertiary volcanic provenance with significant metasandstone, 
meta-argillite, chert, greenstone, volcanic lithic clasts, and minor serpentinite. 
Deposited as broad braided-river outwash sediments along valley trains or topset 
beds on deltas, including the Griffin and Tokul deltas. Valley trains are 
southwest-trending recessional meltwater pathways incised into older glacial 
deposits. Inset topset beds form a complex of terraced fluvial outwash within the 
Tokul delta, demonstrating that this deltaic system is a series of nested deltas 
that graded to falling glacial Lake Snoqualmie levels. Higher nested fluvial 
outwash bodies are also mapped above Tokul and Griffin Creeks. These terraced 
bodies are also are graded to falling recessional lake levels.

  Outwash gravel deposits, undivided (Pleistocene)—Bouldery pebble cobble 
gravel and pebbly cobbly sand; loose; massive to crudely bedded; typically 
poorly exposed. Gravels mapped around late-glacial strandlines are likely glacial 
Lake Snoqualmie beach deposits.

  Recessional glaciolacustrine (glacial lake) deposits (Pleistocene)—Silt, clayey 
or sandy silt, and silty sand, typically with scattered dropstones; may contain 
layers and lenses of sand or gravel; loose or soft; massive, laminated, or thinly 
bedded, with some varve-like rhythmites; kame lake deposits may contain 
soft-sediment deformational features. Deposited in large glacial lakes, such as 
glacial Lake Snoqualmie, or in smaller proglacial lakes formed in kettles or 
kames or other upland ice-marginal settings. May contain upward-coarsening 
sequences from glacial-lake deposits (units Qglr and Qgos) to terrestrial 
deposits (units Qgof) due to progradation of fluvial-deltaic complexes. 
Upward-fining sequences record waning lake sedimentation during ice 
recession. Although several lake levels can be deduced from map relations and 

geomorphology, the distribution of glacial-lake sands, silts, strandlines, and 
some delta tops indicates that glacial Lake Snoqualmie had persistent water 
elevations of about 800 ft and about 550 ft.

  Outwash sand (Pleistocene)—Sand and pebbly sand, with some interbeds of 
silty sand, silt, or gravel; loose or soft; varies from nonbedded to weakly strati- 
fied to plane bedded, laminated, and rarely crossbedded. Lithic sands in elevated 
kames primarily contain polycrystalline quartz, greenstone, metasandstone, 
volcanic clasts, plagioclase, and minor serpentinite and hornblende, indicating 
that the Tertiary mélange belts and volcanic rocks northeast of the deposits were 
their source. Waning glacial Lake Snoqualmie sands are monocrystalline-quartz 
rich and may have a Snoqualmie River provenance. Vertical and horizontal 
fining trends indicate deposition mostly as shallow-water glaciolacustrine 
deposits. Unit Qgos complexly interfingers with recessional lake (unit Qglr) and 
gravel deposits (units Qgog and Qgof). Some sands coarsen upward into unit 
Qgod sand and gravel and fine downward to unit Qglr silty lake deposits, due to 
deltaic progradation.

Vashon Stade Advance Proglacial and Subglacial Deposits

  Vashon lodgment till (Pleistocene)—Unstratified, unsorted mixture of clay, silt, 
sand, and gravel (diamicton), with disseminated cobbles and boulders in a 
silt-sand matrix; rare lenses of sand and gravel; grayish blue to very dark gray, 
locally slightly weathered to a mottled yellowish brown; dense; matrix- 
supported; locally has a friable shear fabric. Clast types include both northern- 
source and local rounded to subangular clasts. May contain angular clasts where 
directly overlying bedrock. Basalt-clast weathering rinds are 0 to 0.05 mm. Till 
is about 5 to 100 ft thick and was accreted at the base of Vashon ice. 
Geotechnical borehole data indicate that till locally lies at a shallow depth in the 
Snoqualmie valley. Elsewhere, till unconformably overlies bedrock and advance 
deposits, but locally overlies older Quaternary deposits.

  Advance outwash deposits (Pleistocene)—Sand, sandy (pebble) gravel, and 
cobble gravel, with local silt interbeds; sands are gray to reddish gray, weathered 
yellowish brown; dense; moderately to well sorted and stratified; thinly to very 
thickly bedded; local laminated silt interbeds and (or) rip-up clasts; contains 
southeasterly dipping deltaic foreset beds, cut-and-fill structures, or rare ice 
shear structures in some outcrops. Sands have a northern provenance 
(Dragovich, 2007). Unit Qgav was deposited by streams issuing from the 
advancing ice front and is complexly interlayered with, conformably overlies, or 
may locally underlie glacial-lake deposits (unit Qglv). Advance outwash is 
overlain by Vashon lodgment till (unit Qgtv) along a sharp contact. Composite 
sections of fluvial-deltaic advance outwash and glacial-lake deposits are fairly 
thick in the Snoqualmie valley where deltaic deposits graded to local proglacial 
lake levels during Puget lobe ice advance to the east-southeast. Radiocarbon 
ages from this unit west of the study area are 14,500 ±130 yr B.P. (Associated 
Earth Sciences, 2005; Dragovich and others, 2007) and 14,450 to 14,560 yr B.P. 
(Porter and Swanson, 1998). Radiocarbon ages for the underlying Olympia beds 
(unit Qco) provide additional age constraints in some areas.

  Advance glaciolacustrine deposits (Pleistocene)—Silt and clayey silt; may 
contain scattered dropstones and beds or lenses of massive diamicton that may 
be iceberg melt-out till or flow till; stiff or dense; varies from massive to thinly 
bedded, laminated, or varved; contorted or folded bedding, with some local sand 
dikes. Some lenticular diamicton beds in unit Qglv have a till-like appearance. 
Ice-shear structures such as recumbent folds are locally evident in this unit 
(critical sites 1H, 33AG, 33M, 38L, 54N, 54Z, and 56Q). Unit Qglv is typically 
overlain by and (or) interbedded with unit Qgav. Facies relations with unit Qgav 
deltaic deposits and overall unit Qglv thickness indicate that a large proglacial 
lake or lakes progressively occupied significant portions of the map area during 
ice advance. This unit includes some of the advance outwash or transitional beds 
of Booth (1990).

PRE-FRASER GLACIAL AND NONGLACIAL DEPOSITS

 Olympia beds of Minard and Booth (1988)(Pleistocene)—Silt, clay with some 
organic silt-clay and peat, sand, and gravel to cobbly gravel deposited during the 
Olympia nonglacial interval; dense; laminated to very thickly bedded and mostly 
well stratified; may contain charcoal, disseminated organic matter, trough and 
ripple crossbedding, graded beds, and flutes; very thick beds of sand likely 
represent fluvial overbank and levee deposits. Olympia beds in the Snoqualmie 
valley are “ancient Snoqualmie River alluvium” (Dragovich, 2007; Dragovich 
and others, 2007, 2009b). Unit Qcoc sediments are well sorted and stratified and 
consist of sandy gravel to cobbly gravel channel deposits. Olympia bed sands 
(Qm40-57Qp26-46PF14-26) at critical sites 4M, 11L, 31C, and 29L-1 contain 
monocrystalline quartz (11–21%), plagioclase (10–23%), volcanic lithic clasts 
(9–20%), granitic lithic clasts (4–9%), potassium feldspar (4–6%), hornblende- 
pyroxene (1–3%), and biotite (1–2%)(Dragovich and others, 2009a). Compared 
to glacial deposits, ancient (unit Qoa) and modern (unit Qa) Snoqualmie River 
alluvium contain more potassium feldspar and limited amounts of chert– 
polycrystalline quartz. Units Qco and Qcoc have the same Snoqualmie batholith 
and Tertiary volcanics signature as units Qa and Qoa. Subsurface exploration by 
Associated Earth Sciences (1987, 1995, 1996, 2003, 2005) and our surface 
mapping indicate that the Olympia beds on Snoqualmie Ridge form thick 
upward-fining gravel-sand-silt sequences typical of meandering river systems. 
Unit Qco sediments in the northeastern part of the map area are thinner than 
ancient Snoqualmie River alluvium, were deposited in limited fluvial, alluvial 
fan, and swamp settings, and have a local lithic volcanic–mélange belt 
metamorphic provenance that is distinct from ancient Snoqualmie River 
alluvium. Ten radiocarbon ages from ancient Snoqualmie River alluvium in the 
Snoqualmie Ridge area, obtained during this study and previously by Associated 
Earth Sciences, range from 17,150 yr B.P. to >44,020 yr B.P. (Table 1 on Plate 
2). We obtained two ‘infinite’ Olympia bed ages from radiocarbon age sites 11L 
and 31C. We also obtained an age of 45,540 ±930 yr B.P. at age site 4M, similar 
to the 41,270 ±1,610 yr B.P. age obtained by Associated Earth Sciences at age 
site AES-2. Unit Qco along Snoqualmie Ridge is likely faulted, folded, and 
uplifted within the RMFZ (Dragovich and others, 2007, 2009a,b), forming an 
‘inverted basin’. (See ‘Tertiary to Quaternary Deformation in the Map 
Area—Faults, Basins, and Folds’ on Plate 2.) At critical site 29L, channel 
deposits are cut by northwest-trending faults that may be related to nearby, 
possibly active RMF nos. 1 or 11. Olympia beds as shown here include some of 
the advance outwash or transitional beds of Booth (1990).

 Possession Drift, till and outwash (Pleistocene)—Till (unit Qgtp) is an 
unstratified, unsorted mixture of clay, silt, sand, and gravel (diamicton), 
commonly with disseminated cobbles and boulders in a silt-sand matrix; 
weathers gray-tan; very dense; massive and matrix-supported; northern- 
provenance and locally derived, rounded to subangular clasts. Basalt clasts in 
this till have 0.3 to 3.5 mm weathering rinds. Sands at critical site 29K have a 
typical polycrystalline-quartz-rich northern provenance (~Qm28Qp67PF6) with 
appreciable lithic clasts. Unit Qgop outwash is primarily composed of locally 
oxidized sand and gravel that locally contains poorly sorted, very dense 
diamicton interbeds. Tentatively correlated with the Possession Glaciation 
(~60,000–80,000 yr B.P.) on the basis of stratigraphic position and weathering 
characteristics, although some or all of these deposits may correlate with the 
older Double Bluff Drift. Deposits are similar to units Qgtp and Qgop mapped 
by Dragovich and others (2007) directly west of the study area. Includes part of 
the pre-Fraser deposits of Booth (1990).

  Whidbey Formation (Pleistocene)—Silt, clay, peat, sand, pebbly sand, and 
some gravel; some strata contain abundant disseminated organic material, logs, 
or sticks in the subsurface; well stratified and thinly laminated to thickly bedded; 
dense. Although mapped mostly in the subsurface (Cross Sections A and B on 
Plate 2), two exposures of laminated silt and sand are tentatively correlated with 
the Whidbey Formation on the basis of stratigraphic position and composition. 
These exposed nonglacial sands have a Snoqualmie River alluvial provenance 
similar to unit Qco and contain significant monocrystalline quartz, potassium 
feldspar, and minor hornblende and biotite. We cannot discount the possibility 
that the nonglacial strata we correlate with the Whidbey in the subsurface, such 
as below unit Qgtp in the Snoqualmie basin, are not older nonglacial units. We 
tentatively correlate organic sediment in the Snoqualmie basin that yielded a 
radiocarbon age of >43,000 yr B.P. (GeoEngineers, 1995; age 6a in well W80, 
Cross Section A and Table 1 on Plate 2) with the Whidbey Formation 
(~80,000–125,000 yr B.P.) on the basis of age and stratigraphic position.

 Glacial and nonglacial deposits, pre-Fraser, undivided (Pleistocene to 
Pliocene?)—Mostly till, gravel, and sand, with minor(?) silt, clay, and peat; 
dense to very dense; sands weather dark brown; clasts and matrix typically 
deeply weathered to clay; includes both pre-Fraser sediments in the subsurface 
(Cross Sections A and B on Plate 2) and highly weathered sediments widely 
exposed east of the Snoqualmie River. Most outcrops in the Tokul and Griffin 
Creek areas are deeply weathered northern-source glacial till and outwash but 
contain some interbedded nonglacial deposits of local provenance with abundant 
metasandstone, meta-argillite, and volcanic clasts. Weathering rinds in basalt 
clasts are 3.5 to 9.0 mm thick. In many exposures, clasts are flush with the 
surface and can be easily cut with a shovel. This degree of weathering makes 
lithologic identification of some clasts uncertain. The intense weathering of unit 
Qgnpf exposures suggests an early Pleistocene age that predates the Double 
Bluff Glaciation of Armstrong and others (1965)(~125,000–185,000 yr B.P.). 
Queried map polygons (Qgnpf?) were previously mapped by Booth (1990) and 
were not examined during this study. Unit Qgnpf? may include younger 
pre-Fraser units such as the Olympia beds, Whidbey Formation, or deposits of 
the Possession Glaciation.

TERTIARY VOLCANIC, INTRUSIVE, AND SEDIMENTARY ROCKS

 Volcanic rocks of Snoqualmie Falls (Miocene)—Andesite to trachyandesite 
flows (~58–61% SiO2) and lithic tuff breccia with minor lahars and rare vitric 
tuff; flows contain clear euhedral oscillatory-zoned plagioclase (6 mm), augite 
(9 mm), ± hypersthene and biotite in a clear glass locally containing 
plagioclase and flow-aligned microlites and opaque minerals; breccia and lahar 
clasts are compositionally similar to the andesite flows but contain a few 
semivesicular to almost pumiceous dacite clasts; lahars contain subrounded 
andesite to dacite clasts in a gray ashy matrix; flows are black; a greenish gray 
breccia matrix surrounds clasts of various colors. Rocks are mostly calc-alkaline 
with some shoshonitic affinities (Dragovich and others, 2009a) and contain very 
little or no chlorite, epidote, sericite, clays, potassium feldspar, or other 
alteration products. This low degree of rock alteration contrasts markedly with 
the pervasive alteration of older Tertiary volcanic rocks.

We locally separate andesitic to dacitic (~59–66% SiO2) tuff breccia as unit 
„vbxs along the Snoqualmie River. This very thick pyroclastic bed extends 
from the intersection of lowermost Tokul Creek to the base of Snoqualmie Falls. 
Well-exposed unit „vbxs breccias at critical site 17Q contain abundant 
subangular to subrounded andesite bombs up to about 9 ft in diameter. Petrified 
sticks and logs are common in breccia deposits, and a petrified spruce log near 
this site is about 4 ft in diameter. An east-southeast or west-northwest 
pyroclastic flow direction—with an average 101° or 281° azimuth—is suggested 
by the alignment of sticks and logs around this site. Orientation of the petrified 
log root ball suggests an easterly pyroclastic flow direction.

Geotechnical borehole data indicate that the volcanic rocks of Snoqualmie 
Falls are more than 400 ft thick (Klohn Cripper Berger, 2007). Unit „vas beds 
average 10 to 30 ft thick but vary from about 1 to 175 ft in thickness and are 
composed of alternating (compound) flows (2–100 ft thick) and breccia beds 
(2–175 ft thick) with a few lahar beds (1–50 ft thick). The unit is composed of 
48 percent flows, 47 percent breccias, 4 percent lahars, and 1 percent tuffs.

A Miocene volcanic center near Snoqualmie Falls is indicated by coarse 
breccia containing large bombs, dominance of flows, lack of distal deposits such 
as volcaniclastic sediments, and abrupt lithologic changes. The bedrock high 
around Snoqualmie Falls (Fig. 2 on Plate 2) may approximately coincide with 
this fault-dissected volcanic center. We infer that this Miocene volcanic center 
overlies marine sedimentary rocks of the Blakeley Formation (unit …En) and is 
preserved in an RMFZ extensional or pull-apart basin (Cross Sections A and B 

on Plate 2). We suspect that these two-pyroxene extrusive rocks with biotite are 
an extrusive equivalent to the Snoqualmie batholith, which is of similar age and 
composition (Dragovich and others, 2009a). We also hypothesize that the 
Snoqualmie batholith magma intruded strands of the RMFZ and nearby weak 
cataclastic rocks, forming a caldera or stratovolcano. Dragovich and others 
(2009b) obtained a U-Pb zircon age of 22.26 ±0.57 Ma from an andesite flow 
near the base of Snoqualmie Falls (age site 23A). New ages from two andesite 
flows along the periphery of the volcanic complex are 18.25 ±0.43 Ma (age site 
57B, 1.5 mi downriver from Snoqualmie Falls) and 22.76 ±0.33 Ma (age site 
44C, on Tokul Creek west of the Snoqualmie Valley fault). The volcanic rocks 
of Snoqualmie Falls are informally named herein. Further geochemical and 
geochronologic information is provided in Dragovich and others (2009a).

 Snoqualmie batholith gabbro and diorite (Miocene to Oligocene)—Massive 
gabbro and diorite (54.02–56.22% SiO2); contains subhedral and mostly 
equigranular plagioclase, hornblende, augite ± hypersthene, biotite, and opaque 
minerals; medium to coarse grained; dark gray to greenish gray, weathers 
brown. By the hospital two miles south-southeast of Snoqualmie Falls (sec. 6, 
T23N R8E), diorite intrudes probable unit …Evar andesite. The nearby gabbro 
that occurs between RMF nos. 1 and 11A may be a fault-imbricate slice captured 
between these major fault strands. The gabbro probably intrudes unit tz between 
the faults. A small outcrop of altered granodiorite east of Tokul Creek is mapped 
as unit „…i. This granodiorite is tentatively correlated with the Snoqualmie 
batholith and contains quartz, plagioclase, and hornblende. The Snoqualmie 
batholith is widely exposed east of the study area (Tabor and others, 1993, 2000; 
Erikson, 1969). Snoqualmie batholith gabbros are also mapped west and 
southwest of the present map area, where they intrude the Raging River anticline 
(Dragovich and others, 2007, 2009b). The batholith is calc-alkaline (Erikson, 
1969).

Geophysical modeling (Figs. 3A–C on Plate 2) and compositional and 
geochronologic considerations suggest that the Snoqualmie batholith underlies 
the map area (Cross Sections A and B on Plate 2), both intrudes and is offset by 
the RMFZ, and was the source of the extrusive Miocene volcanic rocks of 
Snoqualmie Falls (unit „vas)(Dragovich and others, 2009a). The Snoqualmie 
batholith gabbro, tonalite, and granodiorite in and around the map area intruded 
from about 17 to 25 Ma (Tabor and others, 1993, 2000; Erikson, 1969). Gabbro 
and diorite in the study area likely correlate with the early mafic phase rocks of 
the batholith. If the Tatoosh pluton is part of the Snoqualmie batholith intrusive 
event, then the batholith may be as old as 26 Ma and as young as 14 Ma 
(Erikson, 1969; Tabor and others, 1993, 2000). Tabor and others (2000) reported 
a fission-track age of 18.6 Ma on zircon from rhyolite tuff near Cedar River, 
south-southwest of the map area. This age was likely reset by a nearby 
Snoqualmie batholith intrusion and provides an intrusive age near the study area. 

  Dikes (Miocene to Eocene?)—Basaltic andesite to andesite dikes (regionally 
~46–58% SiO2; Dragovich and others, 2009a,b; Dragovich and Walsh, 2008); 
homogeneous; typically greenish black to dark gray, weathered to yellowish 
brown; massive, with uniform, nearly holocrystalline texture; flow-aligned 
microlites typical; contains equigranular phenocrysts of plagioclase (0.3–3 mm) 
and augite ± hypersthene, disseminated opaque minerals, and minor amounts of 
glass (<5%). Only the most prominent of the widespread dikes in the study area 
are shown on the map. The protomylonitization of some dikes near faults 
suggests structural control and faulting during or after intrusion (Dragovich and 
others, 2009b). The relatively uniform geochemical and petrologic compositions 
of these widespread dikes suggest genetically linked intrusive suite(s). Dikes 
intrude most Miocene to Eocene geologic units in the study area, and thus are 
locally as young as Miocene. Dikes are similar to the pyroxene-bearing 
intermediate and mafic porphyries (21–23 Ma whole-rock K-Ar ages) mapped 
south of the map area. Tabor and others (2000; R. W. Tabor, USGS emeritus, 
written commun., 2008) suggested that these dikes feed the Miocene Fifes Peak 
Formation (Fig. 1 on Plate 2). Dikes along the Snoqualmie River intrude unit 
„vas and contain biotite. Some dikes appear to be part of the proposed 
Snoqualmie batholith/volcanic rocks of Snoqualmie Falls volcanic complex 
(Dragovich and others, 2009a). 

  Undifferentiated continental sedimentary rocks (Oligocene to Eocene)— 
Lithofeldspathic to lithic volcanic sandstone, tuffaceous siltstone, siltstone, 
claystone, tuff, and lapilli tuff, with rare vesicular basalt. Tuffaceous siltstone is 
light gray and massive to thinly laminated, and some sandstones are poorly 
sorted. These rocks may be correlative with the Eocene volcanic rocks of Mount 
Persis (unit Evap), may be a nonmarine equivalent of the Blakeley Formation 
(unit …En), or may correlate with the fluvial rocks of Bulson Creek (Marcus, 
1981) north of the study area. A poorly sorted sandstone has geochemistry that 
suggests a proximal mafic volcanic source (sample 55J in Dragovich and others, 
2009a). Fluvial bedded sandstone and siltstone contain abundant coalified plant 
fossils, including Equisetum fossils (C. Stromberg, Univ. of Wash., written 
commun., 2009, fossil site 55E). Poorly lithified tuffaceous siltstone in the 
northwest corner of the map area contains deciduous leaf fossils (fossil site 
61E). We suspect that these poorly exposed rocks are Miocene or younger and 
speculate that the Snoqualmie Valley and (or) Griffin Creek faults bound local 
transtensional basins in the northwest corner of the map area.

  Blakeley Formation (Oligocene to Eocene)(cross sections only)—Nearshore 
feldspathic to lithic (tuffaceous) sandstone, conglomerate, tuff, and minor 
siltstone and shale; mostly well bedded; quartz, feldspar, and lithic volcanic 
grains present in varying amounts; deposited in a shallow marine to coastal 
environment (Fulmer, 1975) and distinguished from older Renton Formation 
(unit Ecr) west of the map area by the presence of marine fossils and the absence 
of micaceous sandstone. Dragovich and others (2007) inferred thrusting of the 
Puget Group over mostly Blakeley Formation within the Seattle fault zone 
directly west of the map area. Oil reported from a deep water well (Walsh and 
Phillips, 1982; Washington Oil World, 1930) is inferred to be from the Blakeley 
or perhaps the Raging River Formation mapped west of the map area (Cross 
Section A on Plate 2, TW-OIL). This apparently “live oil” is inferred to be 
trapped in an anticlinal structure within the Snoqualmie basin. West of the map 
area, fission track ages and foraminifera content indicate a late Oligocene 
(Zemorrian) to late Eocene (Refugian Stage) age (Fulmer, 1975).

 Volcanic rocks of Rattlesnake Mountain of Walsh (1984)(Oligocene to 
Eocene)—Andesite and basaltic andesite flows (53–62% SiO2) and crystal-
lithic to crystal-vitric tuff, with some lapilli tuff and tuff breccia and minor 
hornblende-andesite hypabyssal intrusive rocks; may contain rare lithic to 
feldspatholithic volcanic sandstone and tuffaceous siltstone (Dragovich and 
others, 2009b; Dragovich and Walsh, 2008). Unit …Evar flows are typically 
composed of phenocrysts of subhedral to euhedral plagioclase (~2–4 mm), 
subhedral augite, and locally accessory hornblende altered to chlorite; typically 
gray to greenish black, weathered to light gray, and commonly altered to dark 
reddish gray; flows are calc-alkaline (samples 53B and 63A in Dragovich and 
others, 2009a). Plagioclase microlites are common (~10–40%) in glass and 
typically define a flow texture.

Massive flows locally contain amygdules and are rarely columnar. Unit 
…Evbxr is composed of andesite to basaltic andesite (52–56% SiO2) 
crystal-lithic and lithic tuff breccia and breccia with minor flows and tuffs. 
These massive rocks are typically dark gray to dark reddish gray. Only the very 
thick breccia units are shown on the map. Breccia clast and matrix mineralogy is 
similar to that of unit …Evar. Breccia clasts are angular, rarely subrounded, and 
include rare pumice lapilli. Vesicular clasts are common, particularly in flow 
breccia. The volume of flows and coarse pyroclastic breccia indicates that this 
unit is proximal to a volcanic center. Outcrop distribution and geophysical 
signature (Fig. 3 on Plate 2) suggest stratigraphic thinning of these volcanic 
rocks along the eastern RMFZ (Dragovich and others, 2009b). East of RMF nos. 
6 and (or) 11, the unit unconformably overlies or is complexly fault-imbricated 
with Western mélange belt rocks and is locally intruded by the Snoqualmie 
batholith (Cross Sections A and B on Plate 2). Unit …Evar includes unit …Evtr of 
Dragovich and others (2009b).

 Volcanic rocks of Mount Persis of Tabor and others (1993)(Eocene)— 
Porphyritic andesite flows, andesite to dacite lithic to crystal lithic breccia, tuff 
breccia, and dacite to rhyolite lithic to vitric tuff, and minor interbedded lithic 
sandstone, tuffaceous siltstone, and conglomerate, with possible rare basalt; 
greenish gray or gray, weathered to yellowish brown; mostly massive but 
stratified where interbedded with tuffs and sedimentary rocks. Volcanic rocks 
typically contain phenocrysts of plagioclase and augite ± hypersthene; locally 
contains chloritized hornblende or quartz microphenocrysts. Rocks typically 
strongly chloritized, and some are silicified or generally altered, particularly 
near zones of unit tz. Lithic sandstones vary from volcanic to sedimentary- 
metamorphic clast rich and have a local Tertiary volcanic and (or) Western 
mélange belt provenance. Unit Evap unconformably overlies the Western 
mélange belt and has a calc-alkaline affinity (Dragovich and others, 2009a). 
Mapping and geophysical properties (Fig. 3 on Plate 2) indicate that the unit is 
faulted against the volcanic rocks of Snoqualmie Falls (unit „vas) across the 
Snoqualmie Valley fault (Cross Sections A and B on Plate 2) and is thin or 
nonexistent east of the Tokul Creek fault as a result of vertical fault offset and 
erosion. The dominance of tuffs and volcanic-rich sedimentary rocks over coarse 
volcanic breccias and flows suggests a distal volcanic setting for most deposits.

Tabor and others (1993) assigned a late Eocene age to the unit on the basis of 
a hornblende K-Ar age (38.1 Ma) and an apatite fission-track age (47.4 Ma), as 
well as the observation that unit Evap is intruded by the Index batholith (34 Ma) 
northeast of the map area. We obtained a U-Pb zircon age of 36 ±2.3 Ma (late 
Eocene) from a tuff at age site 55D (Dragovich and others, 2009a). This 
silicified and devitrified felsic vitric tuff lacks mafic minerals, is similar to other 
felsic tuffs in unit Evap, and may be a rhyolite ash flow marker bed. 
Alternatively, these widespread tuffs may be separate ash flow beds of similar 
composition. The volcanic rocks of Snoqualmie Falls west of the Snoqualmie 
Valley fault are younger than unit Evap and not correlative with the volcanic 
rocks of Mount Persis as previously suggested by Tabor and others (1993).

  Puget Group, Renton Formation (middle? to late Eocene)—Nonmarine 
feldspathic to lithofeldspathic subquartzose sandstone, with interbedded 
carbonaceous claystone, siltstone, subbituminous coal beds, and rare felsic tuff. 
Sandstone is white to light gray, micaceous, fine to medium grained, well 
stratified, crossbedded, or laminated to massive. Sandstones contain quartz 
(~30–45%), plagioclase and potassium feldspar (~40–50%), and lithic grains 
(~10–20%). The Renton Formation is exposed in the southwestern part of the 
map area where it occurs as a large fault imbricate body in the western RMFZ of 
Dragovich and others (2009b). This body contains bituminous coal best exposed 
in the Niblock mine (Walsh, 1984). The Puget Group includes the Renton, 
Tukwila, and Tiger Mountain Formations. The middle to late Eocene Renton and 
middle Eocene Tiger Mountain Formations were deposited as meandering-river 
fluvial-deltaic sediments on a coastal plain. Plant fossils were assigned by Wolfe 
(1968) to the Ravenian and Kummerian (late Eocene) stages and the unit 
conformably overlies the about 42.0 Ma Tukwila Formation.

  Puget Group, Tukwila Formation, tuff (middle Eocene)—Nonmarine 
andesite lapilli tuff, tuff, tuff breccia, lesser volcaniclastic sandstone and 
siltstone, and rare flows; tuffs typically gray to greenish gray, weathered to 
brown, light olive-brown, or olive-gray; mostly massive to moderately stratified 
with thick to very thick beds. Some quartz phyric tuffs may be dacitic. Tuff or 
tuff breccia matrix is typically lithic, crystal vitric, or crystal rich with abundant 
plagioclase ± augite and rare hornblende crystals. This matrix surrounds 
scattered lithic breccia clasts of mostly andesitic to rarely dacitic composition 
(57–62% SiO2)(Dragovich and Walsh, 2008; Dragovich, 2007). Pumice is 
locally present but minor. These coarse block-and-ash-flow deposits are thicker 
and more common nearer the probable volcanic center west of the area. Fossil 
leaves are referable to the Ravenian (late Eocene) floral stage (Wolfe and others, 
1998). Turner and others (1983) reported middle Eocene fission-track and K-Ar 
ages of 39.4 ±2.4 to 45.7 ±2.7 Ma (avg. 42.0 ±2.7 Ma) near the top of the 
formation west of the map area.

  Puget Group, Tukwila Formation, sedimentary and volcanic rocks (middle 
Eocene)—Nonmarine lithofeldspathic to feldspatholithic volcanic sandstone, 
tuff, lapilli tuff, and tuffaceous siltstone, with some intercalated volcanic 
conglomerate, feldspathic sandstone, carbonaceous shale, siltstone, impure coal 

beds, and minor vitric-crystal tuff or tuff breccia; generally bluish gray to 
greenish gray, weathered to shades of brown to olive-gray; may contain rare 
lahar deposits; thinly to very thickly bedded and moderately to well stratified 
and sorted. Coalified organic debris, sticks, logs, and thin to thick beds of coal 
are common. Volcanic sandstones contain andesite clasts (~30–40%), 
plagioclase (~30%), and monocrystalline quartz (~10%), with sedimentary lithic 
clasts, polycrystalline quartz, chert, and opaque minerals. A distal volcanic 
setting is indicated by the dominance of volcaniclastic sedimentary rocks that 
consist of interbedded fluvial, alluvial fan, and hyperconcentrated flood and 
lahar deposits. Strata represent fluvial aprons of volcaniclastic sedimentary 
rocks that locally interfinger with the compositionally mature fluvial deposits of 
the Tiger Mountain Formation mapped west and south of the map area. Unit also 
contains interstratified lenses or semicontinuous layers of volcanic breccia and 
tuff (unit Evtt) that were likely derived from the volcanic center(s) west of the 
map area. Although not depicted on Cross Sections A and B on Plate 2, the 
lower part of the formation may be interstratified with units of the Tiger 
Mountain Formation, as is the case to the west on Tiger Mountain (Vine, 1969). 
The formation is overlain by Renton Formation fluvial deposits (unit Ecr). 
Dragovich and others (2009b) obtained a U-Pb zircon age of 45.17 ±0.62 Ma 
from pumiceous volcaniclastic sandstone 3.5 mi south of the map area and 
directly west of RMF no. 11. This age indicates that, at least locally, 
volcaniclastic fluvial and tuffaceous fault-bounded rocks in the eastern RMFZ 
correlate with the Tukwila Formation.

  Plug of Fuller Mountain of Tabor and others (1993)(early Eocene)—Massive 
granodiorite; gray; contains hornblende, biotite, and augite; augite rims 
hornblende; intergranular quartz and potassium feldspar are locally graphically 
intergrown. The plug intrudes the Western mélange belt along the eastern border 
of the quadrangle. Tabor and others (1993) reported a hornblende K-Ar age of 
46.6 ±2.0 Ma from a sample collected 0.1 mi directly east of age site DB81.

TERTIARY TO HOLOCENE TECTONIC ZONES

  Tectonic zone (Tertiary to Holocene)—Cataclasite, fault breccia, clay-rich fault 
gouge, protomylonite, and strongly slickensided and fractured rocks in fault 
zones; variously colored, mottled, and veined as a result of local hydrothermal 
alteration or strong weathering. Some tectonic zones have siliceous, propylitic, 
argillic, and (or) ferric hydrothermal alteration; the most prominent zones of 
hydrothermal alteration occur near strands of the RMFZ and the Tokul Creek 
fault; some tectonic zones align with transfer faults between master fault strands. 
Most kinematic indicators, such as shallow slickenlines on steep shear planes 
and (or) en echelon vein arrays, suggest strike-slip or oblique-slip offset along 
strands of the RMFZ. Quaternary tectonic zones (unit Qtz) are mapped around 
areas of prominent Quaternary deformation (critical sites 4M, 11L, 29C, 29E, 
29L, 31B, 35B, 43S, 43J, 43K, 43L, 49I, 49J, 49K, 52H, 52K, 53L, 57E, and 
60J). Deformation in these areas differs from the ice-shear soft-sediment 
deformation noted in advance lake and outwash deposits and is interpreted to be 
of tectonic origin, based on deformational style and common association with 
liquefaction features (Dragovich and others, 2007, 2009a,b). 

MESOZOIC LOW- TO MEDIUM-GRADE METAMORPHIC ROCKS 
OF THE WESTERN MÉLANGE BELT

  Western mélange belt metavolcanic rocks (Cretaceous to Jurassic)— 
Greenstone from metamorphosed andesite tuff (~57–59 % SiO2), flows, and 
rare volcanic breccia or metadiabase; greenish gray; metamorphosed flows 
dominantly massive to moderately foliated metabasaltic andesite with lesser 
metabasalt or meta-andesite (~46–56% SiO2); contain plagioclase and 
actinolized pyroxene phenocrysts in a chloritic matrix (~50%), with minor 
quartz and opaque minerals; rare amygdaloidal texture and pillow structures. 
Tabor and others (2000) describe boudins of metamorphosed quartz-porphyry 
dikes(?) in faintly foliated greenstone breccia on Little Si. Only the larger 
greenstone bodies are shown on the map. The thin metatuff interbeds observed 
in the metasedimentary rocks of the Western mélange belt are not shown. 
Metatuff is calc-alkaline (Dragovich and others, 2009b).

  Western mélange belt metagabbro (Cretaceous to Jurassic)—Metagabbro; 
locally may contain rare metatonalite, metaquartz diorite, hornblendite, 
amphibolite, or banded amphibolite; greenish gray; medium to coarse grained; 
massive or slightly foliated to locally schistose; some rocks are mylonitized. The 
unit contains plagioclase (~50%) with intergranular to euhedral actinolized 
clinopyroxene or hornblende (1 cm long) and opaque minerals. Metamorphic 
minerals include actinolite, prehnite, pumpellyite, chlorite ± epidote, sphene, 
and calcite. Metagabbro about 1 mi north of Little Si in the southeast corner of 
the map area yielded a U-Pb age of about 152 Ma (age site TW77; Tabor and 
others, 1993).

 Western mélange belt metasedimentary rocks (Cretaceous to Jurassic)— 
Marine lithofeldspathic to feldspatholithic subquartzose metasandstone 
(~67 % SiO2), poorly sorted silty metasandstone, and meta-argillite; minor 
metaconglomerate, chert pebble metaconglomerate, and metatuff; meta- 
sandstone typically greenish gray to dark (green) gray and weathered to brown; 
meta-argillite typically black to dark gray; clasts are subrounded to angular with 
graded bedding and load casts locally preserved. Meta-argillite occurs as very 
thin to very thick interbeds in metasandstone in well-stratified exposures. 
Meta-argillite also forms much of the Western mélange matrix. This matrix is 
pervasively deformed (including intensely folded rocks with transposed 
bedding), easily eroded, and rarely exposed. Rocks are typically moderately 
foliated and partly recrystallized and commonly have a synkinematic 
metamorphic fabric defined by aligned white mica and moderately aligned relict 
clasts. Metamorphic minerals are white mica, actinolite/tremolite, epidote or 
clinozoisite, chlorite ± pumpellyite, and prehnite. Relict clasts mostly include 
feldspar (ratio of 0.1 potassium feldspar/feldspar), monocrystalline quartz, chert 
(locally with radiolarians), polycrystalline quartz, and volcanic and sedimentary 
lithic clasts, with some rip-up clasts of meta-argillite. Detrital biotite or 
muscovite is locally conspicuous. Provenance most closely corresponds to the 
arkosic petrofacies of Jett and Heller (1988). Chemically, a sample of poorly 
sorted feldspatholithic metasandstone was found to be derived from a 
nonrecycled mafic igneous source area (Dragovich and others, 2009a). Most 
metasedimentary rocks were deposited as turbidites along an accretionary 
wedge, although meta-argillite at fossil site 42C contains Jurassic? Equisetum 
fossils (C. Stromberg, Univ. of Wash., written commun., 2009) and may indicate 
that some of the unit’s argillite protoliths are shallow marine or terrestrial. C. D. 
Blome (USGS, in Walsh, 1984) reported Cretaceous or Jurassic radiolarians 
(Sethocapsa?) from metasandstone south of the study area (Dragovich and 
others, 2009b). Tabor and others (1993, 2000) reported Cretaceous to Jurassic 
ages for the Western mélange belt, including a Jurassic radiolarian age from a 
metachert bed directly north of the map area. We obtained a minimum U-Pb 
detrital zircon population age of about 96 Ma, with a significant population at 
about 147 Ma, from a well-stratified and thinly to thickly bedded feldspathic 
metasandstone–meta-argillite sequence at age site 45J, where clast angularity 
suggests first-cycle sedimentation for most of the grains. This minimum 
population age confirms that these turbidites are as young as Cretaceous. The 
occurrence of a significant U-Pb detrital zircon age population of about 147 Ma, 
as well as detrital grains as old as Triassic (230 Ma), indicate that the source 
area(s) for the turbidites are Mesozoic (Dragovich and others, 2009a).

 Undifferentiated basement (pre-Tertiary)(cross sections only)—Geophys- 
ically defined and may include the Western or Eastern mélange belt rocks west 
of RMF nos. 1, 6, or 11. This relatively dense ‘basement’ may be pre-Tertiary or 
Tertiary, but it likely has geophysical properties significantly different from 
those of the exposed and overlying Tertiary rocks (Fig. 3 on Plate 2).

GEOLOGIC SYMBOLS

Water well

Age-date sample site, fossil

Age-date sample site, potassium-argon

Age-date sample site, uranium-lead

Age-date sample site, radiocarbon

Critical site

Bedding—showing strike and dip

Vertical bedding—showing strike

Horizontal bedding

Bedding in unconsolidated sediments or volcanic fragmental deposits—showing 
strike and dip

Foreset bedding in unconsolidated sediments or volcanic fragmental deposits— 
showing strike and dip

Bottomset bedding in unconsolidated sediments or volcanic fragmental deposits— 
showing strike and dip

Foliation in metamorphic rock—showing strike and dip

Joint—showing strike and dip

Slickensided surface—showing strike and dip

Vertical slickensided surface—showing strike

Slip lineation or slickensides on a fault or shear surface—showing bearing and 
plunge of offset

Minor fault—showing strike and dip

Minor vertical or near-vertical fault—showing strike

Minor fold—showing bearing and plunge

Terrace—hachures point downslope

Landslide scarp—hachures point downslope

Arrow showing direction of landslide movement

Late Pleistocene strandline (former shoreline)

Contact—dashed where inferred; queried where uncertain

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

Right-lateral strike-slip fault—dashed where inferred; 
dotted where concealed; queried where uncertain; relative 
horizontal motion shown by arrows

Normal fault—dashed where inferred; dotted where 
concealed; queried where uncertain; bar and ball on 
downthrown side

High-angle right-lateral, oblique-slip fault—dashed 
where inferred; dotted where concealed; queried where 
uncertain; relative horizontal motion shown by arrows, 
relative vertical motion shown by U and D

High-angle left-lateral strike-slip fault—dotted where 
concealed; relative horizontal motion shown by arrows, 
relative vertical motion shown by U and D

Anticline—dashed where approximately located; dotted 
where concealed; queried where uncertain; large 
arrowhead shows direction of plunge

Syncline—dashed where approximately located; dotted 
where concealed; queried where uncertain; large 
arrowhead shows direction of plunge
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