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OLYM GRI Ancillary Map Information Document 1

Geologic Resources Inventory Map Document

Olympic National Park,
Washington

Document to Accompany
Digital Geologic-GIS Data

olym_geology.pdf
Version: 9/3/2020

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Olympic National Park, Washington (OLYM).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

This document contains the following information:

1)About the NPS Geologic Resources Inventory Program — A brief summary of the Geologic
Resources Inventory (GRI) Program and its products. Included are web links to the GRI GIS data
model, and to the GRI products page where digital geologic-GIS datasets, scoping reports and
geology reports are available for download. In addition, web links to the NPS Data Store and GRI
program home page, as well as contact information for the GRI coordinator, are also present.

2)GRI Digital Map and Source Citations — A listing of the GRI digital geologic-GIS map produced for
this project along with sources used in their completion. In addition, a brief explanation of how each
source map was used is provided.

3)Map Unit List — A listing of all geologic map units present on maps for this project, generally listed
from youngest to oldest.

4)Map Unit Descriptions — Descriptions for all geologic map units. A description is provided from
each 1:100,000 scale source map the unit was present on.

5)Ancillary Source Map Information — Additional source map information presented by source map.
For each source map this may include a report, index map, map (symbols) legend and references.

6)GRI Digital Data Credits — GRI digital geologic-GIS data and ancillary map information document
production credits.
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For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara

Geologist/GIS Specialist/Data Manager

Colorado State University Research Associate, Cooperator to the National Park Service
Fort Collins, CO 80523

phone: (970) 491-6655

e-mail: stephanie.omeara@colostate.edu
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About the NPS Geologic Resources Inventory Program

Background

Recognizing the interrelationships between the physical (geology, air, and water) and biological (plants
and animals) components of the earth is vital to understanding, managing, and protecting natural
resources. The Geologic Resources Inventory (GRI) helps make this connection by providing
information on the role of geology and geologic resource management in parks.

Geologic resources for management consideration include both the processes that act upon the Earth
and the features formed as a result of these processes. Geologic processes include: erosion and
sedimentation; seismic, volcanic, and geothermal activity; glaciation, rockfalls, landslides, and
shoreline change. Geologic features include mountains, canyons, natural arches and bridges,
minerals, rocks, fossils, cave and karst systems, beaches, dunes, glaciers, volcanoes, and faults.

The Geologic Resources Inventory aims to raise awareness of geology and the role it plays in the
environment, and to provide natural resource managers and staff, park planners, interpreters,
researchers, and other NPS personnel with information that can help them make informed
management decisions.

The GRI team, working closely with the Colorado State University (CSU) Department of Geosciences
and a variety of other partners, provides more than 270 parks with a geologic scoping meeting, digital
geologic-GIS map data, and a park-specific geologic report.

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff
to inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for
the park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be
easily viewed and analyzed in conjunction with a wide range of other resource management
information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute field
codes, value definitions, and rules that govern relationships found in the data, refer to the NPS
Geology-GIS Data Model document available at: https://www.nps.gov/articles/gri-geodatabase-model.
htm

Geologic Reports: GRI reports synthesize discussions from the original scoping meeting, follow up
conference call(s), and subsequent research. Chapters of each report discuss the geologic setting of
the park, distinctive geologic features and processes within the park, highlight geologic issues facing
resource managers, and describe the geologic history leading to the present-day landscape. Each
report also includes a poster illustrating these GRI digital geologic-GIS data.

For a complete listing of GRI products visit the GRI publications webpage: https://go.nps.gov/gripubs.
GRI digital geologic-GIS data is also available online at the NPS Data Store: https://irma.nps.gov/
DataStore/Search/Quick. To find GRI data for a specific park or parks select the appropriate park(s),
enter “GRI” as a Search Text term, and then select the Search button.

For more information about the Geologic Resources Inventory Program visit the GRI webpage: https://
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www.nps.gov/subjects/geology/gri.htm. At the bottom of that webpage is a “Contact Us” link if you
need additional information. You may also directly contact the program coordinator:

Jason Kenworthy

Inventory Report Coordinator

National Park Service Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 987-6923

fax: (303) 987-6792

email: Jason Kenworthy@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS)
Inventory and Monitoring (I1&M) Division. Learn more about I&M and the 12 baseline inventories at the
I&M webpage: https://www.nps.gov/im/inventories.htm.
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GRI Digital Map and Source Map Citations
The GRI digital geologic-GIS map for Olympic National Park, Washington (OLYM):

Digital Geologic-GIS Map of Olympic National Park and Vicinity, Washington (GRI MapCode
OLYM)

The digital geologic-GIS map was produced from the following sources:
Gerstel, W. J., and Lingley, W. S., Jr., 2000, Geologic Map of The Forks 1:100000 Quadrangle,

Washington: Washington Division of Geology and Earth Resources, Open File Report 2000-4, 36
p., 2 plates, scale 1:100,000 (Forks 1:100,000 Quadrangle). (GRI Source Map ID 1525).

Gerstel, W. J., Lingley, W. S., Jr., 2003, Geologic Map of the Mount Olympus 1:100000
Quadrangle, Washington: Washington Division of Geology and Earth Resources, Open File Report
2003-4, 1 Sheet, scale 1:100,000 (Mount Olympus 1:100,000 Quadrangle). (GRI Source Map ID
7435).

Logan, R.L., 2003, Geologic Map of the Copalis Beach 1:100000 Quadrangle, Washington:
Washington Division of Geology and Earth Resources, Open File Report 2003-16, 1 Sheet, scale
1:100,000 (Copalis Beach 1:100,000 Quadrangle). (GRI Source Map ID 7437).

Logan, R. L., 2003, Geologic Map of the Shelton 1:100000 Quadrangle, Washington: Washington
Division of Geology and Earth Resources, Open File Report 2003-15, 1 Sheet, scale 1:100,000 (
Shelton 1:100,000 Quadrangle). (GRI Source Map ID 7436).

Schasse, H. W., 2003, Geologic Map of the Washington portion of the Cape Flattery 1:100000
Quadrangle: Washington Division of Geology and Earth Resources, Open File Report 2003-5, 1
Sheet, scale 1:100,000 (Cape Flattery 1:100,000 Quadrangle (portion of)). (GRI Source Map ID
7434).

Schasse, H.W., 2003, Geologic Map of the Washington portion of the Port Angeles 1:100000
Quadrangle: Washington Division of Geology and Earth Resources, Open File Report 2003-6,
scale 1:100,000 (Port Angeles 1:100,000 Quadrangle (portion of)). (GRI Source Map ID 7433).

Washington Division of Geology and Earth Resources, 2005, Digital 1:100000-scale Geology of
Washington State, version 1.0: Washington Division of Geology and Earth Resources, Open File
Report OF-2005-3, scale 1:100,000 (Geology of Washington State). (GRI Source Map ID 74832).

Digital data within the full extent of the Cape Flattery, Copalis Beach, Forks and Mount Olympus
1:100000 Quadrangles were used from the Digital 1:100000-scale Geology of Washington State, and
the published map images of these maps were used to capture fault and fold map symbology. Only a
partial extent of the Port Angeles and Shelton 1:100000 Quadrangle was used from the Digital
1:100000-scale Geology of Washington State, however, within this extent the published map images
were used to capture fault and fold map symbology. If present on the source map images, additional
information concerning faults and folds was also captured.

Additional information pertaining to each source map is also presented in the GRI Source Map
Information (OLYMMAP) table included with the GRI geologic-GIS data.
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Index Map

The Digital Geologic Map of Olympic National Park and Vicinity covers all or part of 100 7.5-minute
guadrangles. The geologic map is within all or part of six 30 minute by 1 degree quadrangles.

-
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CapejFlattery, Rort’/Angeles———

Forks Mount-Olympus~

Copalis Beach Shelton ‘ s' :\

20 10 0 20 Miles N
Legend T —

—— Olympic NP geologic map boundary
:| Olympic National Park

/] 7.5-minute Quadrangles of Interest

[ 1:100,000 Quadrangles

- land area

Pacific Ocean and Puget Sound

Index map by Greg Mack (NPS Pacific West Region).
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Olympic National Park,
Washington (OLYM) are listed below. Units are listed with their assigned unit symbol and unit name (e.
g., Hf - Artificial fill, including modified land). Units are listed from youngest to oldest. No description
for water is provided. Information about each geologic unit is also presented in the GRI Geologic Unit
Information (OLYMUNIT) table included with the GRI geologic-GIS data. Of note, several source unit
symbols were changed in this document and in the GRI digital geologic-GIS data. This was primarily
done to denote epoch age symbols as per GRI protocol. Unit symbols in unit descriptions were not
edited.

Cenozoic Era

Holocene Epoch

Hf - Artificial fill, including modified land
Hb - Beach deposits

Hp - Peat deposits

Quaternary Period

Qa - Alluvium

Qaf - Alluvial fan deposits

Qls - Mass-wasting deposits, mostly landslides

Qls(r) - Mass-wasting deposits, rockfalls

Qls(s) - Mass-wasting deposits, slump-earthflows
Qoa - Alluvium, older (includes alluvial fans and talus)
Qs - sedimentary deposits or rocks, undivided

Pleistocene Epoch

PEc - Continental sedimentary deposits or rocks

PEguc - Glacial and non-glacial deposits, undivided, Fraser and pre-Fraser deposits

PEao - Alpine glacial outwash, Fraser-age

Peat - Alpine glacial till, Fraser-age

Peat(m) - Alpine glacial till, Fraser-age (morainal deposits)

PEad - Alpine glacial drift, Fraser-age

PEagdm - Glaciomarine drift, Fraser-age, Everson Interstade

PEgo(i) - Continental glacial outwash, Fraser-age (ice-contact recessional outwash)

PEgo - Continental glacial outwash, Fraser-age (mostly Vashon Stade in western Washington)

PEgos - Continental glacial outwash, Fraser-age, sand (mostly Vashon Stade in western Washington)

PEqgt - Continental glacial till, Fraser-age (mostly Vashon Stade in western Washington)

PEga - Advance continental glacial outwash, Fraser-age (mostly Vashon Stade in western
Washington)

PEgas - Advance continental glacial outwash, Fraser-age, sand (mostly Vashon Stade in western
Washington)

PEqal - Glaciolacustrine deposits, Fraser-age (mostly Vashon Stade in western Washington)

PEad - Continental glacial drift, Fraser-age (mostly Vashon Stade in western Washington)

PEgdc - Continental glacial and non-glacial deposits, Fraser-age

PEapo - Alpine glacial outwash, pre-Fraser

PEapt - Alpine glacial till, pre-Fraser

PEapt(m) - Alpine glacial till, pre-Fraser (morainal deposits)

PEapt(1) - Alpine glacial till, pre-Fraser

PEap - Alpine glacial drift, pre-Fraser

PEap(1) - Alpine glacial drift, pre-Fraser

PEapwo(2) - Alpine glacial outwash, pre-Wisconsinan (younger)

PEapwt(2) - Alpine glacial till, pre-Wisconsinan (younger)

PEapwt(2m) - Alpine glacial till, pre-Wisconsinan (younger morainal deposits)

PEapw(2) - Alpine glacial drift, pre-Wisconsinan (younger)

PEapwo(1) - Alpine glacial outwash, pre-Wisconsinan (older)
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PEapwt(1) - Alpine glacial till, pre-Wisconsinan (older)
PEapwt(1m) - Alpine glacial till, pre-Wisconsinan (older morainal deposits)
PEapw(1) - Alpine glacial drift, pre-Wisconsinan (older)

Pliocene and Miocene Epochs
PLMIm - Marine sedimentary rocks
PLMIn - Nearshore sedimentary rocks

Miocene Epoch

MIm(st) - Hoh rock assemblage

MIml(c) - Pebble conglomerate

MIm(r) - Rhythmic thin- to medium-bedded sandstone and shale
MIml - Marine clastic rocks (marine clastic rocks, dominantly thick-bedded lithic sandstone)
MIm(ss) - Sandstone

MIm(sl) - Siltstone

Mlbx - Tectonic breccia

Mlv - Volcanic rocks

MIvb - Basaltic rocks of the Jaun de Fuca Plate (subsurface only)
Min(c) - Clallam Formation

Miocene and Oligocene Epochs

MIOLm(p) - Twin River Group, Pysht Formation

MIOLm(pc) - Twin River Group, Pysht Formation, conglomerate
MIOLm(ps) - Twin River Group, Pysht Formation, sandstone member

Miocene - Eocene Epochs

MIEm - Marine sedimentary rocks

MIEmI - Marine clastic rocks (dominantly thick-bedded lithic sandstone)

MIEmlI(c) - Pebble conglomerate

MIEm(r) - Rhythmic thin- to medium-bedded sandstone and shale

MIEm(st) - Sandstone and semischist of West Olympic and Grand Valley lithic assemblage
MIEDbx - Tectonic breccia

MIEm(t) - Thick-bedded sandstone with thin-bedded sandstone and shale

Oligocene Epoch
OLm(c) - Cape Alava coastal block, sandstone
OLm(cc) - Cape Alava coastal block, conglomerate

Oligocene and Eocene Epochs

OLEm(tr) - Twin River Group, undivided, lower and middle members

OLEm(m) - Twin River Group, Makah Formation

OLm(mf) - Twin River Group, Makah Formation, Falls Creek unit

OLEm(mj) - Twin River Group, Makah Formation, Jansen Creek Member
OLEm(mt) - Twin River Group, Makah Formation, Third Beach Member
OLEm(mk) - Twin River Group, Makah Formation, Klachopis Point Member
OLEm(mb) - Twin River Group, Makah Formation, Baada Point Member
OLEm(md) - Twin River Group, Makah Formation, Dtokoah Point Member
OLEm(mc) - Twin River Group, Makah Formation, conglomerate and sandstone
OLEvt(m) - Twin River Group, Makah Formation, Carpenters Creek Tuff member
OLEm(e) - Elk Lake block, siltstone

OLEV - Elwha lithic assemblage

OLEm(Ic) - Lincoln Creek Formation

OLEm(ms) - Marrowstone Shale of Durham (1944)

OLEm(r) - Marine rhythmites and other thin-bedded sedimentary rocks

OLEvDb - Terrane S. of the Cresent Fault and N. of the Calawah Fault, basaltic rocks
OLEm(oc) - Ozette Lake-Calawah Ridge block, conglomerate

OLEm(o) - Ozette Lake-Calawah Ridge block, marine sedimentary rocks
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OLEm - Ozette Lake-Calawah Ridge block, marine sedimentary rocks
OLEm(p) - Portage Head/Point of Arches block, marine sedimentary rocks
OLEm(st) - Snag Peak block, siltstone unit

OLEm(sm) - Snag Peak block, sandstone unit 'm’

OLEm(sp) - Snag Peak block, sandstone and siltstone unit 'p'

OLEm(ss) - Snag Peak block, siltstone and sandstone unit

OLEm(w) - Washburn Hill block, turbidite sandstone unit

OLEm(stc) - Western Olympic lithic assemblage

Eocene Epoch
Em(2ec) - Elk Lake block, conglomerate and sandstone
Em(2es) - Elk Lake block, sheared siltstone and sandstone
Em(2h) - Lower Twin River Group, Hoko River Formation
Em(2hs) - Lower Twin River Group, Hoko River Formation, turbidite sandstone
Em(2hb) - Lower Twin River Group, Hoko River Formation, phyllite and basaltic sandstone
Em(2hc) - Lower Twin River Group, Hoko River Formation, cobble and boulder channel deposits
Em(2Ic) - Lyre Formation, conglomerate member
Em(2Is) - Lyre Formation, sandstone member
Em(2lb) - Lyre Formation, breccia and conglomerate of Cape Flattery
Em(2p) - Portage Head/Point of Arches block, conglomerate
Em(2wc) - Washburn Hill block, sandstone and conglomerate unit
Em(2a) - Aldwell Formation
Evb(a) - Aldwell Formation, basalt flows
Em(2as) - Aldwell Formation, siltstone
Em(ec) - Elk Lake block, sandstone and conglomerate
m(2c) - Well-rounded pebble conglomerates
Em(2b) - Sandstone of Bahobohosh
Em(2wp) - Siltstone of Waatch Point
Em(2waq) - Siltstone and sandstone of Waatch quarry

:

Ebx(e) - Elk Lake block, melange unit
Em(1b) - Siltstone and sandstone of Bear Creek

Em(1bc) - Conglomerate and mudflow deposits of Bear Creek
Em(1bs) - Sandstone of Bear Creek, carbonaceous, lithofeldspathic, concretion
Em(1bn) - Siltstone of Brownes Creek
m(pc) - Petroleum Creek block, marine sedimentary rocks
Em(2ws) - Washburn Hill block, sandstone unit
vc(w) - Washburn Hill block, volcaniclastic deposits or rocks
11) - Basaltic sandstone and conglomerate of Lizard Lake
- Sedimentary and basaltic rocks of Hobuck Lake, volcanic and sedimentary rocks
- Basaltic facies of Hobuck Lake, sediments
h) - Volcanic rock facies of Hobuck Lake
- Basaltic facies of Hobuck Lake
- Sedimentary and basaltic rocks of Hobuck Lake, volcaniclastic deposits or rocks
- Portage Head/Point of Arches block, sandstone and siltstone
X - Petroleum Creek block, tectonic breccia
- Snag Peak block, sandstone and conglomerate
- Washburn Hill block, sandstone and siltstone
- Marine sedimentary rocks
- Crescent Formation, flows
- Crescent Formation, pillowed
- Crescent Formation, tuffaceous rocks at Striped Peak
- Crescent Formation, rhyolite flow
- Crescent Formation, sedimentary rocks
- Crescent Formation, silicified basic intrusive rocks
b(c) - Crescent Formation, gabbro
- Snag Peak block, concretionary siltstone and claystone
- Ozette Lake-Calawah Ridge block, marine sedimentary rocks
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Evb(op) - Ozette Lake-Calawah Ridge block, basalt flows and breccias
Em(1pc) - Portage Head/Point of Arches block, conglomerate and breccia
Evb(p) - Portage Head/Point of Arches block, basalt flows

Eigb(p) - Portage Head/Point of Arches block, gabbro

Evb(w) - Washburn Hill block, pillow basalt and breccia

Eva - Andesite flows

Evb - Basalt flows

Ebx(0) - Ozette Lake-Calawah Ridge block, tectonic breccia

Evb(ot) - Ozette Lake--Calawah Ridge block melange, pillow lava and breccia

Eocene and Paleocene Epochs

EEPmI - Marine clastic rocks, dominantly thick-bedded lithic sandstone

EEPm - Blue Mountain unit of Tabor and Cady (1978), marine sedimentary rocks

EEPm(c) - Blue Mountain unit of Tabor and Cady (1978a), conglomerate and pebbly sandstone
EEPm(st) - Blue Mountain unit of Tabor and Cady (1978a), thick-bedded sandstone

EEPm(stc) - Blue Mountain unit of Tabor and Cady (1978a), conglomerate and sandstone

Paleocene Epoch

EPida - Portage Head/Point of Arches block, intrusive dacite
Cenozoic and Mesozoic Eras

Paleocene Epoch and Cretaceous Period

EPKbx - Portage Head/Point of Arches block, tectonic breccia
Mesozoic Era

Cretaceous Period
Kvs(p) - Portage Head/Point of the Arches block, volcanic and sedimentary rocks

Jurassic Period
Jigb(p) - Portage Head/Point of the Arches block, gabbro and diorite

Unknown Age
UNKI{z - Tectonic zone
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.
Unit descriptions are presented for each 1:100000 (100k) Quadrangle, Cape Flattery, Copalis Beach,
Forks, Mount Olympus, Port Angeles and Shelton, a unit is present on.

Hf - Artificial fill, including modified land (Holocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Riprap, soil, sediment, rock, and solid waste material that has been added and reworked to modify
topography; includes engineered and non-engineered fill.

Hb - Beach deposits (Holocene)

Unit is present on the Cape Flattery and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Sand and (or) gravel with minor shell fragments deposited along shorelines; locally includes back-
beach dune fields and minor estuarine deposits; clasts are typically well rounded.

Port Angeles Quadrangle

Generally well-sorted sand and cobbles within the influence of the surf zone; may include silt and
pebbles; forms elongate spits; larger clasts in coarser deposits are generally well rounded and flat as a
result of wave action.

Hp - Peat deposits (Holocene)

Unit is present on the Port Angeles and Shelton Quadrangles.

Port Angeles Quadrangle

Peat, muck, and lacustrine silt and clay rich in organic matter; formed by the accumulation and
decomposition of organic material in wet depressions and other areas of poor drainage.

Shelton Quadrangle

Fibrous peat, woody peat, muck, lake mud, and sphagnum; fibrous peat is light to dark brown to
reddish brown, muck is black, and lake mud and woody peat are steel gray (Rigg, 1958).
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Qa - Alluvium (Holocene and late Pleistocene)

Unit is present on the Cape Flattery, Copalis Beach, Forks, Mount Olympus, Port Angeles and Shelton
Quadrangles.

Cape Flattery Quadrangle

Sorted combinations of silt, sand, and gravel deposited in stream and river beds; surface relatively
undissected by streams; locally includes sand and gravel of low-lying river terraces, alpine drift, and
lacustrine and landslide deposits. Most alluvium is Holocene age, but some, particularly along the Sol
Duc River, may in part be Pleistocene.

Copalis Beach Quadrangle

Sorted combinations of silt, sand, and gravel deposited in streambeds and alluvial fans; clasts are
generally rounded and composed mostly of lithofeldspathic and feldspatholithic sandstone from the
core of the Olympic Mountains, with minor amounts of volcanic rock from the periphery of the Olympic
Peninsula; may include alpine drift, peat, lacustrine, or landslide deposits; generally lacks discernable
weathering; surface is undissected by streams relative to pre-Holocene terrace surfaces.

Forks Quadrangle

These deposits consist of stream sediments within active channels, including the approximate areas of
the 100-year flood plains. In the Quinault, Queets, Hoh, upper and middle Bogachiel, and Calawah
Rivers and their tributaries, unit Qa is composed of sediment derived from the OlympicMountains.
Within the Sol Duc, lower Bogachiel, and Quillayute channels, sediment sources include exotic rocks
transported from the north by continental glaciers. West of the foothills, the alluvium also includes
locally derived Miocene marine sedimentary and volcanic rocks. The low-gradient reaches of these
rivers are characterized by large-amplitude, migrating meanders and large amounts of sediment input
from adjacent landslides and debris flows.

Mount Olympus Quadrangle

Well-sorted, generally rounded to subrounded sand and gravel within active stream channels,
including the approximate area of the active flood plain; derived primarily from Olympic Mountains rock
types; in river valleys of the northern portion of the quadrangle, includes igneous and metamorphic
material transported from the north by the Juan de Fuca lobe of the continental ice sheet. A large
component of the sediment input is from valley-wall landslides and debris flows and from fluvial
reworking of alpine outwash deposits.

Port Angeles Quadrangle

Generally well-stratified and well-sorted rounded cobble and pebble gravel, sandy gravel, gravelly
sand, silt, and clay; deposited in and along present streams; grain size varies both laterally and
vertically due to stream migration.

Shelton Quadrangle

Sorted combinations of silt, sand, and gravel deposited in streambeds and alluvial fans; clasts are
generally rounded and composed of sandstone, derived either from local bedrock sources or from
reworked Olympic Peninsula (alpine) and Puget Lowland (continental) glacial deposits; locally may
include alpine drift, peat, lacustrine, or landslide deposits; surface is undissected by streams relative to
pre-Holocene terrace surfaces
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Qaf - Alluvial fan deposits (Holocene and late Pleistocene)

Unit is present on the Mount Olympus and Port Angeles Quadrangles.

Mount Olympus Quadrangle

Sorted to unsorted, angular to rounded cobble and finer gravel deposited by migrating distributary
channels of tributary streams at the transition between slopes and valley floor; also includes debris-
flow deposits at the mouths of tributary channels.

Port Angeles Quadrangle

Thin- to medium-bedded sand and interbedded silt and clayey silt, with lenses of sand and pebbly
gravel; sands are gray to yellowish brown, fine to medium grained, and well sorted; fan surfaces grade
to surface of Vashon glaciomarine drift (unit PEgdm) in the vicinity of McDonald Creek west of Sequim.
A tephra from the upper part of this unit was correlated with the Mazama ash dated at 6,730 +40 14C
yr B.P. (see Schasse and Wegmann, 2000). Othberg and Palmer (1982) suggested that the lower part
of the unit may interfinger with glaciomarine drift (unit PEgdm) deposited during the late Pleistocene.

Qls - Mass-wasting deposits, mostly landslides (Holocene and late
Pleistocene)

Unit is present on the Cape Flattery, Forks, Mount Olympus, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Poorly sorted and chaotically mixed clay, silt, sand, and gravel in debris flows, which locally include
large coherent glide blocks along Strait of Juan de Fuca; mapped only where readily discernible.

Forks Quadrangle

Landslides include large rockfalls and deep-seated slump-earthflows that incorporate some
combination of soll, talus, colluvium, bedrock, and fluvial and glacial sediments. Unit Qls includes both
landslide deposits and associated landslide head scarps. Landslide deposits are typically chaotic and
poorly sorted, consisting of material derived from older geologic units. Landslides occur throughout the
map area in drainage headwalls, on lower slopes, at the bases of slopes, and along terrace edges.
Their relative ages are inferred from stratigraphic position, age of parent materials, and geomorphic
expression. Many deep-seated landslides occur along the coast in tectonic mélange or breccia (unit
MIEbx).

Landslides are common on the Olympic Peninsula because of weak geologic materials, steep
topography, and high annual precipitation. Landslides in bedrock commonly occur along bedding
surfaces, within shear and mineralogically altered zones, and along structural weaknesses within rock
units. Landslides are also common where dense, fine-grained sediments (such as till or lacustrine
deposits) within valley-fill sequences create barriers to ground-water flow. The terrace-edge landslides
are some of the largest in area (Gerstel, 1999) and provide chronic input of fine sediment into river
channels.

In conjunction with this mapping project, an inventory of deep-seated landslides was compiled for the
Forks quadrangle and one additional 7.5-minute quadrangle to the northeast (Slide Peak) (Gerstel,
1999). Inventoried landslides were classified based on a five-category ‘level of certainty’ rating system,
with level 1 indicating the highest level of confidence in landslide identification. To avoid obscuring the
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bedrock and glacially derived surficial deposits that are the focus of this geologic map compilation, we
chose not to show all inventoried landslides here; instead, only landslides rated with certainty levels 1
and 2 are shown.

Mount Olympus Quadrangle

Chaotic and poorly sorted mixtures of soil, talus, colluvium, bedrock, and fluvial and glacial sediments;
landslide age is inferred from stratigraphic position, age of parent materials, and geomorphic
expression; may include any number of landslide types (for example, rockfall, debris flow, deep-
seated, slump-earthflow [Varnes, 1978]), mapped only where landslides exceed 160 acres in area.
Includes both landslide deposits and associated head scarps. Locally divided into QIs(r) and QIs(s)

Port Angeles Quadrangle

Clay, silt, sand, gravel, and larger blocks deposited by mass wasting; may be unstratified, broken,
chaotic, and poorly sorted or may retain primary bedding, depending on degree of activity, location
within the slide mass, type of slide, cohesiveness, and competence of materials; commonly
hummocky; mostly earth-slump blocks resulting from streams or wave action undercutting the toes of
these blocks along steep stream-valley walls and shoreline bluffs.

Shelton Quadrangle

Poorly sorted mixtures of locally derived rock and (or) soil emplaced by mass-wasting processes;
deposits vary widely in size, composition, and mode of emplacement; only the largest landslides are
shown; includes rock falls (Schuster and others, 1992) in the southeast Olympic Peninsula that are
probably seismically induced, and large deep-seated landslides along Hood Canal (Carson, 1976) and
along steep-sided inner gorges of river valleys in the southern Olympics; smaller shallow deposits such
as debris flows in steep mountain drainages and rock topples along coastal bluffs, although numerous
and dangerous, are too small to show at the map scale.

QIls(r) - Mass-wasting deposits, rockfalls (Holocene and late Pleistocene)

Unit is present on the Mount Olympus Quadrangle.

Mount Olympus Quadrangle

Poorly sorted, commonly angular cobbles and boulders; clast supported or in a matrix of sand, silt, and
clay; locally includes talus; commonly hummocky; usually occupies transition area between valley walls
and valley floor; generally results from large-scale and catastrophic landsliding. Because of its steep
topography, Crescent Formation basalt (unit Ev(cp)) is a common source for these deposits,
particularly in the Hamma Hamma, Duckabush, and Dosewallips River valleys. Sackung features are
common along bedrock ridges in the Olympic Mountains (Tabor, 1971).

QIs(s) - Mass-wasting deposits, slump-earthflows (Holocene and late
Pleistocene)

Unit is present on the Mount Olympus Quadrangle.

Mount Olympus Quadrangle
Weathered local bedrock and (or) valley-fill sediments; ranges from preserved original stratigraphy to
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chaotically mixed; generally occurs in deeply weathered bedrock, along weak interbeds, or within
granular or fine-grained cohesive sediments (typically glacial deposits); generally slow-moving and
episodic; occurs along a surface (or surfaces) below the rooting depth of forest vegetation; has low
shear strengths, is commonly unsorted and unstratified, and is easily remobilized.

Qoa - Alluvium, older (includes alluvial fans and talus) (Holocene and late
Pleistocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Stratified gravel, cobbles, sand, and silt in terraces above modern flood plains; commonly ironoxide
stained; exposures are axial-channel and flood-plain terrace deposits of an ancestral Dungeness River
(Schasse and Wegmann, 2000; Schasse and Logan, 1998; Othberg and Palmer, 1979a, 1982). A
tephra from this unit has been identified as Mazama ash, dated elsewhere at 6,730 £40 14C yr B.P.
(Hallet and others, 1997), establishing a minimum age; the lower part of this unit may be as old as late
Pleistocene (Schasse and Wegmann, 2000).

Qs - sedimentary deposits or rocks, undivided (Quaternary)

No unit descriptions provided. Unit assigned to one geologic sample for radiocarbon age-date analysis.
The sample was collected in unit PEguc on the Port Angeles Quadrangle.

PEc - Continental sedimentary deposits or rocks (Pleistocene)

Unit is present on the Mount Olympus, Port Angeles and Shelton Quadrangles.

Mount Olympus Quadrangle

Stratified clay, silt, sand, gravel, and local peat; greenish gray to brown and orange brown; moderately
sorted; well rounded; commonly hard, cemented, and iron-oxide stained; poorly bedded to massive;
generally stratified deposits of wind, rivers, or lakes laid down during nonglacial periods, now exposed
in coastal bluffs.

The upper age limit of this unit is inferred from stratigraphic position beneath glacial deposits. The
base is assumed to be no older than Quaternary. 14C ages are generally infinite; interlayered with
glacial deposits.

Port Angeles Quadrangle

Pre-Fraser fluvial, iron-oxide stained, partially cemented pebble to cobble gravel; contains lenses of
iron oxide-stained sand. Clasts are predominantly basalt and sandstone from the Olympic Mountains;
probably deposited by an ancestral Elwha River as a delta into the Strait of Juan de Fuca.

Shelton Quadrangle

Silt and fine sand with interbedded, radiocarbon-infinite peat and organic hash layers; generally tens of
feet thick; nonindurated; olive-brown where oxidized to blue-gray where fresh; locally interbedded with
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or underlying the Skokomish Gravel and locally contains dropstones; may contain both glacial and
nonglacial components.

PEguc - Glacial and non-glacial deposits, undivided, Fraser and pre-Fraser
deposits (Pleistocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Clay, silt, sand, gravel, till, diamicton, and peat; shown where steep slopes preclude more detailed
delineation at map scale; includes pre-Holocene deposits and Holocene alluvium or landslide deposits
found along steep slopes of narrow stream valleys; also includes poorly exposed sediments at the
base of the Vashon Drift whose stratigraphic assignment is undetermined; includes part of the Double
Bluff, Possession, and Everson Glaciomarine Drifts, part of the Vashon Drift undivided, part of the
Whidbey Formation, and part of the Olympia-age nonglacial beds (Armstrong and others, 1965).

PEao - Alpine glacial outwash, Fraser-age (Pleistocene)

Unit is present on the Forks, Mount Olympus, Port Angeles and Shelton Quadrangles.

Forks Quadrangle

These youngest of the alpine outwash deposits are generally unconsolidated to weakly consolidated,
weakly (where deposition was ice-proximal) to well stratified sequences of cobble and pebble gravel in
a tan to buff sandy matrix. Clast size is variable, dominated by 10 to 20 cm cobbles with occasional
boulders greater than 1 m in diameter. In some areas, the outwash is capped by up to 0.5 m of
massive light tan to buff silt and clayey silt (loess). The outwash deposits discontinuously cap coastal
bluffs between Abbey Island and Steamboat Creek, and are exposed in most valley bottoms of the
larger rivers. In the valleys, they form the upper 3—-10 m of the terraces within 10-30 m in elevation
above the alluvium (unit Qa). The outwash is derived solely from Olympic Peninsula rocks, which
distinguishes these deposits from those left by the Juan de Fuca lobe of the continental glacier.
Upvalley limits of outwash deposits are commonly defined by moraines of similar age.

During Fraser time, the Hoh valley glacier margin occupied a position at the head of the Snahapish
valley, possibly spilling a small amount of outwash into the upper Snahapish valley, but not extending
downstream to the Clearwater River, as it did during pre- Fraser glacial advances (Thackray, 1996;
Wegmann, 1999).

Fraser-age alpine outwash deposits include several advances of the Hoh Oxbow drift of Thackray
(1996), ranging in age from about 39,000 to 19,500 yr B.P. Also included in this unit are deposits of the
Twin Creeks drift of Thackray (1996), best exposed at the confluence of the main and south forks of
the Hoh River. Fraser-age deposits are correlated to oxygenisotope stage 2.

Mount Olympus Quadrangle

Cobbles and gravel in a tan to buff sandy matrix; generally unconsolidated to weakly consolidated;
stratified to weakly stratified where deposition was ice-proximal; variable clast size, dominated by
cobbles with rare boulders greater than 1 m in diameter; derived solely from Olympic Peninsula rock
types, distinguishing the unit from continental glacial outwash; upvalley extent of mapped deposits is
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commonly defined by moraines of similar age.

Unit PEao in the western part of the quadrangle includes deposits of at least two advances of the Hoh
Oxbow glaciation of Thackray (1996), ranging in age from about 39,000 to 19,500 yr B.P., and of the
Twin Creeks drift of Thackray (1996) (~19,000-17,000 yr B.P.), best exposed at the confluence of the
Hoh and South Fork Hoh Rivers just west of the boundary of this quadrangle (sec. 29, T27N R10W).
These correlate to oxygen isotope stage 2.

Unit PEao on the north and east sides of the quadrangle are also loosely correlated to oxygen isotope
stage 2. On the east side of the peninsula, unit PEao underlies deposits of the Vashon-age Puget lobe
of the continental ice, and are therefore older than about 14,000 yr B.P. (Porter and Swanson, 1998).

Port Angeles Quadrangle

Stratified sand, gravel, silt, and clay; characterized by clasts derived from the Olympic Mountains; gray
where unweathered, weathers to grayish orange to yellow brown; includes high river terraces that may
not be directly associated with glaciation (Tabor and Cady, 1978; Long, 1975).

Shelton Quadrangle

Stratified sand and gravel derived from Crescent Formation basalt or sandstone of the Olympic
Mountains; may contain other local rock types in lower reaches of Olympic streams; locally contains
silt and clay; generally not deeply weathered; composes lower stream terraces; stream dissection of
terrace surfaces is poorly developed..

PEat - Alpine glacial till, Fraser-age (Pleistocene)

Unit is present on the Forks, Mount Olympus, Port Angeles and Shelton Quadrangles.

Forks Quadrangle

Generally exposed as lodgment till, these deposits are dense, very compact, and poorly sorted,
containing rounded to subrounded to subangular clasts in a gray to tan clay-silt matrix. Clasts are
derived solely from Olympic Peninsula rocks. Deposits range from stratified to unstratified. They may
be weakly oxidized to depths of 1 m. The dense nature of the deposits results in low permeability,
often causing saturation of the overlying sediment or soil and consequent landsliding.

Locally, unit PEat may occur as moraines and ablation till. Where deposits mapped as PEat occur as
moraines, they consist of unconsolidated diamicton with lenses of stratified sand, gravel, silt, or clay.
Moraines are generally arcuate in shape and lie within valley bottoms. Some PEat moraines in cirques
of the Olympic Mountains may be Holocene in age. Ablation till is mapped in the Hoh valley north and
south of the Highway 101 crossing, upstream of the Hoh oxbow.

Fraser-age till was deposited by the least extensive of the alpine glacial advances recognized on the
west side of the Olympic Peninsula. In the Bogachiel River valley, radiocarbon dates indicate that
Fraser-age glaciers did not extend westward beyond the Olympic National Park boundary. In the Hoh
and Queets valleys, radiocarbon ages indicate Fraser-age ice extended to about 45 and 32 km beyond
the range front, respectively.
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Unit PEat includes deposits of several advances of the Hoh Oxbow glaciation of Thackray (1996),
ranging in age from about 39,000 to 20,000 yr B.P. It also incorporates deposits of the Twin Creeks
advance of Thackray (1996), assigned an age of ~19,000-17,000 yr B.P., and an undated later
readvance. The deposits of the readvance are best exposed at the confluence of the main and south
forks of the Hoh River

Mount Olympus Quadrangle

Most commonly compact deposit of poorly sorted, rounded to subangular clasts in a gray to tan matrix
of clay and silt (lodgment till); clasts derived solely from Olympic Peninsula rock types, mostly
sandstone and basalt; stratified to unstratified; locally weakly oxidized to depths of less than 1 m. Low
permeability commonly causes saturation and landsliding of the overlying sediments.

In the west-side drainages of the quadrangle, unit PEat includes deposits of at least two advances of
the Hoh Oxbow glaciation of Thackray (1996), ranging in age from about 39,000 to 19,500 yr B.P. It
also includes deposits of the Twin Creeks advance of Thackray (1996) (19,000-14,000 yr B.P.), best
exposed at the confluence of the Hoh and South Fork Hoh Rivers about 1 mile west of the boundary of
this quadrangle.

Deposits in north- and east-side drainages are similar in age to unit PEao in those locations.Locally
divided into: PEat(m)

Port Angeles Quadrangle

Lodgment till; very compact and unsorted, containing rounded to subangular clasts in a clay-silt
matrix; clasts are derived from the Olympic Mountains and range in size from pebbles to boulders;
blue-gray where unweathered, oxidized to deep orange-brown; contains numerous well-striated and
polished clasts (Long, 1975).

Shelton Quadrangle

Compact, poorly sorted mixture of silt, sand, gravel, and rare boulders; light gray; clasts larger than
pebble size are commonly faceted and striated; sand fraction is generally very angular; composed
mostly of Crescent Formation basalt but may also contain sedimentary and low-grade
metasedimentary rocks from the interior of the Olympic Mountains; most commonly occurs as 1 to 2 ft
thick layers of lodgment till on bedrock, but also occurs in apparently much thicker pockets; many
outcrops are not extensive enough to show at map scale.

PEat(m) - Alpine glacial till, Fraser-age (morainal deposits) (Pleistocene)

Unit is present on the Mount Olympus Quadrangle.

Mount Olympus Quadrangle

Where unconsolidated alpine till occurs as distinct landforms within the upper reaches of valley
bottoms, it is mapped as a moraine. These deposits may include lenses of stratified sand, gravel, and
silt or clay, and may include some deposits of Holocene age in cirques of the Olympic Mountains.

2020 NPS Geologic Resources Inventory Program



OLYM GRI Ancillary Map Information Document 19

PEad - Alpine glacial drift, Fraser-age (Pleistocene)

Unit is present on the Forks, Mount Olympus, Port Angeles and Shelton Quadrangles.

Forks Quadrangle

Deposits mapped as unit PEad may include outwash, till, and lacustrine sediments. Ablation till and
deposits underlying dead-ice topography are also mapped as PEad. Drift is mapped where several
depositional environments are represented by deposits in near-vertical exposures, as along stream
banks. Unit PEad underlies much of the valley bottom adjacent to the Hoh River, upstream of the Hoh
oxbow.

Unit PEad deposits are equivalent in age to moraines of the Hoh Oxbow glaciation mapped by
Thackray (1996).

Mount Olympus Quadrangle

May include outwash (unit PEao), till (unit PEat), and lacustrine sediments; mapped where deposits
cannot confidently be assigned to any particular depositional environment, or where several
depositional environments are represented by deposits in a small area such as along stream banks, or
over short horizontal distances.

Port Angeles Quadrangle
May include till, outwash, morainal deposits, and other sediments from local upland sources.

Shelton Quadrangle

Undifferentiated medium-gray till and outwash sand and gravel with little to no weathering apparent;
clasts consist mostly of local sandstone and basalt; may contain alluvium, colluvium, landslide debris,
and peat; generally restricted to upper reaches of valleys in the Olympic Mountains.

PEgdm - Glaciomarine drift, Fraser-age, Everson Interstade (Pleistocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Poorly sorted, weakly stratified to nonstratified, poorly compacted pebbly silt and clay with
discontinuous layers of silty sand; weathers to a pseudo-columnar appearance on vertical sea-cliff
faces; tan to gray, weathers to dark to pale yellowish brown; rare marine fossils. A shell from the unit
collected northwest of Sequim yielded a 14C age of 12,600 200 yr B.P. (Dethier and others, 1995),
indicating that unit PEgdm was deposited during the time interval established for the Everson
Interstade of the Fraser Glaciation; however, it is not clear that the label ‘Everson’ should be applied to
deposits this far west of the Puget Lowland.

PEgo(i) - Continental glacial outwash, Fraser-age (ice-contact recessional
outwash) (Pleistocene)

Unit is present on the Port Angeles Quadrangle.

2020 NPS Geologic Resources Inventory Program



20

OLYM GRI Ancillary Map Information Document

Port Angeles Quadrangle

Moderately sorted, crudely to well-stratified pebble to cobble gravel and sand; thin to thick bedded,;
locally grades to sand; pale yellowish brown to gray; shows deformation, slumping, and collapse
features resulting from the melting of supporting ice; expressed geomorphically as kettled topography,
eskers, and kame terraces; stratified gravels locally interfinger with and are overlain by glaciomarine
drift (unit PEgdm), suggesting that the gravels were deposited near the margin of grounded stagnant
melting ice in a coastal marine environment (Othberg and Palmer, 1979a,b, 1982).

PEgo - Continental glacial outwash, Fraser-age (mostly Vashon Stade in
western Washington) (Pleistocene)

Unit is present on the Cape Flattery, Forks, Mount Olympus, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Unconsolidated, well-stratified cobbles in a loose, gravelly sand matrix; boulders are common in poorly
sorted deposits; locally includes alpine outwash. Gerstel and Lingley (2000) report a radiocarbon age
date of about 12,500 yr B.P. from outwash exposed in a bank of the Sol Duc River near its contact with
underlying till in the adjoining Forks 1:100,000-scale quadrangle to the south, suggesting that ice had
retreated from the Forks area by then.

Forks Quadrangle

This unit was deposited by the Juan de Fuca lobe of the Cordilleran ice sheet and is characterized by
unconsolidated, well-stratified cobbles in a loose gravelly sand matrix, with abundant boulders
exceeding 1 m in diameter. Unit PEgo deposits include areas of bedded and reworked outwash that
may be part of the active alluvium in the Sol Duc, North Fork Calawah, lower Bogachiel, and Quillayute
valleys. The coarse nature of these deposits makes them highly permeable and well-drained. Unit
PEgo deposits are found mostly north of Forks and the Quillayute River and form at least three major
terrace surfaces between about 31 m and 63 m above sea level in the Sol Duc and Quillayute River
valleys. Unit PEgo deposits probably exceed 50min thickness in places.

About 60 percent of the clasts are locally derived Olympic Peninsula rocks and about 40 percent are
derived from distal sources, including granitic and metamorphic rocks from the North Cascades and
British Columbia. The presence of granite is used as an indicator of deposition by the Juan de Fuca
lobe of the continental ice sheet. Well logs from the Forks area suggest that much of the area covered
by unit PEgo is underlain by lacustrine deposits, particularly under Quillayute Prairie. Unit PEgo is
associated with the Vashon Stade of the Fraser Glaciation. A radiocarbon sample from outwash
deposits exposed in a bank of the Sol Duc River about 2 km north of Forks yielded a date of about
12,500 yr B.P. (Table 1, Beta #116786). The sample was collected from the base of the outwash near
its contact with the underlying till, suggesting that recession had not been in progress long. Drift from
alpine glaciers underlies unit PEgo deposits in the Sol Duc valley, suggesting that the alpine glaciers
had reached their maximum and retreated upvalley earlier than the arrival of continental ice.

Mount Olympus Quadrangle

Cobbles and gravel in loose gravelly sand matrix; moderately well-sorted; well-stratified;
unconsolidated; highly permeable; contains abundant granitic and metamorphic clasts from the North
Cascades and Canada, distinguishing it from alpine glacial deposits dominated by locally derived
sandstone and basalt clasts; may contain reworked alpine outwash in the lower reaches of river valleys
of the Olympic Mountains; may exceed 30 m in thickness. The deposits cover much of the upland
surface between elevations of about 500 and 1500 ft and extend upstream into river valleys, with
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foreset beds dipping upstream.

The base of unit PEgo, exposed in a bank of the Sol Duc River in the Forks 1:100,000-scale
guadrangle to the west, yielded a radiocarbon date of about 12,500 yr B.P. (sample Beta-117686,
Gerstel and Lingley, 2000). This suggests that recession of the Juan de Fuca lobe had not been long
in progress. These dates also generally correlate with the timing of advance and retreat of the Puget
lobe in Puget Sound (Porter and Swanson, 1998).

Port Angeles Quadrangle

Chiefly proglacial, stratified, moderately to well-rounded, poorly to moderately sorted outwash sand
and gravel; locally contains silt and clay; also contains lacustrine deposits and ice-contact stratified
drift; lies stratigraphically above till (unit PEgt). Age is constrained between the time of recession of the
Juan de Fuca lobe from its terminal zone, established by a 14C date of 14,460 +200 yr B.P. near the
western margin of the Strait of Juan de Fuca (Heusser, 1973), and a 14C date of 12,300 +310 yr B.P.
from wood collected from sediments 1 in. above Vashon till (unit PEgt) at the Manis Mastodon site
southwest of Sequim (Petersen and others, 1983).

Shelton Quadrangle

Typically poorly to moderately sorted, rounded gravel and sand with localized coarser- and finer-
grained constituents; lithologically varied mixture of mostly northern-provenance clasts, especially
containing granitic and metamorphic rocks that identify the unit as being deposited by the Puget lobe
of the Cordilleran glacier; also contains varying amounts of locally derived Crescent Formation basalt,
and in the Mox Chehalis Creek valley, central Cascade Range— derived andesitic clasts; typically
shades of gray where fresh or brown where stained especially in proglacial and morainal areas; buff
staining near the ground surface; fine sand, silt, and clay constitute local overbank sediments having
relatively poor permeability or deltaic foreset bedding along north sides of valleys with higher
permeability; porous and permeable enough to yield small to moderate quantities of groundwater; very
poorly consolidated to loose; moderately to well-rounded clasts; mostly unweathered with rare
weathered reworked clasts; thickness varies and is not well known; most commonly occupies outwash
channels scoured into or through till.

PEgos - Continental glacial outwash, Fraser-age, sand (mostly Vashon Stade
in western Washington) (Pleistocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Proglacial sand, pebbly sand, and interbedded silt; thin to medium bedded; fine to medium grained;
well sorted; light gray to pale yellowish brown; low-energy fluvial sand deposits occur in the Port
Angeles area adjacent to stream valleys draining the Olympic Mountains; may correlate with the lower
parts of alluvial fan deposits (unit Qaf) west of Sequim. Coastal geology (Washington Department of
Ecology, 1978) suggests that these deposits may have been deposited in a deltaic environment during
a period of higher sea level during the late Pleistocene.

2020 NPS Geologic Resources Inventory Program



22

OLYM GRI Ancillary Map Information Document

PEgt - Continental glacial till, Fraser-age (mostly Vashon Stade in western
Washington) (Pleistocene)

Unit is present on the Cape Flattery, Forks, Mount Olympus, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Unsorted, unstratified, compact mixture of clay, silt, sand, gravel, and boulders deposited by the Juan
de Fuca lobe of the Cordilleran ice sheet; may contain interbedded stratified sand, silt, and gravel. The
Juan de Fuca lobe of the continental ice sheet occupied the Strait of Juan de Fuca and covered the
northern edge of the Olympic Peninsula from about 15,000 yr B.P. (Heusser, 1973) to about 13,000 yr
B.P. (Gerstel and Lingley, 2000). A radiocarbon date on wood collected from till in the Dickey River
drainage during this study yielded an age of 13,200 £170 yr B.P. In the same region, Heusser (1973)
also reported ages from wood in till that range from about 13,010 to 13,380 yr B.P. Heusser (1973)
interpreted the younger ages to suggest that the dated wood originated from trees growing on dead ice
that subsequently collapsed, burying the trees on an ablation moraine, implying a gradual stagnation of
the ice in the region over nearly two millennia.

Mount Olympus Quadrangle

Poorly sorted cobbles, gravel, and scattered boulders in a clay and silt matrix; compact to very
compact; gray to brown; contains abundant granitic and metamorphic clasts transported from the
North Cascades and Canada as well as locally derived, angular to subangular basalt and sandstone
clasts; commonly weakly oxidized to a depth of less than 1 m where not overlain by younger deposits;
ranges in thickness from less than 1 m to about 4 m.

The Juan de Fuca lobe of the continental ice sheet occupied the Strait of Juan de Fuca and covered
the northern Olympic Peninsula from about 14,000 yr B.P. (Schasse, in press) to about 13,000 yr B.P.
(Gerstel, 1997; Gerstel and Lingley, 2000). A radiocarbon date on wood from till in the Dickey River
drainage on the Cape Flattery 1:100,000-scale quadrangle to the northwest yielded an age of about
13,200 yr B.P. (Schasse, in press). The age of unit PEgt is therefore constrained to between about
14,000 and 13,000 yr B.P.

Forks Quadrangle

Unit PEgt deposits of the Juan de Fuca lobe of the Cordilleran ice sheet are dense to extremely dense
diamicton with cobbles, gravel, and scattered boulders supported by a clay and silt matrix. Unit PEgt
deposits are usually gray to brown in color and are commonly weakly oxidized to <1 m depth where not
overlain by recessional outwash; the weathering profile may be shallower to nonexistent where till is
overlain by outwash. Unit PEgt deposits range in thickness from <1 m to about 4 m. Clasts are derived
from local Olympic Peninsula rocks as well as materials transported from regions to the north and
northeast. The presence of granites and metamorphics is an indication of deposition by the Juan de
Fuca lobe of the continental ice sheet. Exposures of this unit are limited to the northwest portion of the
Forks quadrangle, north of the Sol Duc and Quillayute Rivers.

The Juan de Fuca lobe of the continental ice sheet occupied the Strait of Juan de Fuca and covered
the northern edge of the Olympic Peninsula from at least 15,000 yr B.P. (Heusser, 1973b; Schasse, in
progress) to about 13,000 yr B.P. (Gerstel, 1997; this report). A radiocarbon date on wood from till in
the Dickey Creek drainage yielded an age of about 13,200 (Beta # 123219; Schasse, in progress).
Wood in outwash (unit PEgo) exposed along the Sol Duc River yielded a date of about 12,500 yr B.P.
(Table 1, Beta #116786), suggesting that ice had retreated from the Forks area by then.

Shelton Quadrangle
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Unsorted, unstratified, highly compacted mixture of clay, silt, sand, gravel, and boulders deposited by
glacial ice of the Puget lobe; gray; may contain interbedded stratified sand, silt, and gravel; sand-size
fraction is very angular and contains abundant polycrystalline quartz, which distinguishes this unit from
alpine till; cobbles and boulders are commonly striated and (or) faceted; although unweathered almost
everywhere, may contain cobbles or small boulders of deeply weathered granitic rock.

Port Angeles Quadrangle

Most commonly lodgment till consisting of an unstratified, highly compacted mixture of poorly sorted
clay, silt, sand, gravel, and boulders deposited directly by glacier; gray where fresh and yellowish gray
to light gray and tan where oxidized; locally includes ablation till of varied thickness and characterized
by irregular hummocky topography. Lies stratigraphically between overlying recessional outwash (unit
PEgo) and underlying advance outwash (unit PEga); age is bracketed by 14C ages from Vashon
advance outwash near Sequim of about 17.5 to 18.5 ka (Blunt and others, 1987) and a 14C date of
about 14.5 ka from a bog on Vashon Drift near the western margin of the Strait of Juan de Fuca
(Heusser, 1973). On southern San Juan Island, consists of a poorly sorted, compact mixture of silt,
sand, and clay containing pebble to boulder gravel; generally nonstratified, but locally contains
subhorizontal layering, parting, and deformation structures; locally contains lenses, pods, and thin
discontinuous beds predominantly of sorted gravel; olive-gray and gray where unoxidized and olive to
buff where oxidized; generally rests on striated bedrock and underlies marine diamicton (San Juan
Island unit Qgdm(e)). Age is older than 13.2 ka. (Description and ages for unit on San Juan Island
compiled from Dethier and others, 1996.)

PEga - Advance continental glacial outwash, Fraser-age (mostly Vashon
Stade in western Washington) (Pleistocene)

Unit is present on the Mount Olympus, Port Angeles and Shelton Quadrangles.

Mount Olympus Quadrangle

Moderately well-sorted, commonly cross-bedded, compact, well-rounded sandy cobble gravel; oxidized
where groundwater movement occurs; includes granitic and metamorphic clasts originating from the
North Cascades and Canada and incorporates local rock types; commonly exposed in road cuts and
river banks underlying unit PEgt; stratigraphically overlies pre-Fraser nonglacial sediments (unit PEc)
or bedrock.

Radiocarbon dates from unit PEgt provide a minimum age of about 14,000 yr B.P. for the advance of
the Puget and Juan de Fuca lobes in the map area (Porter and Swanson, 1998; Schasse, in press).
Therefore, unit PEga deposits must be older than about 14,000 yr B.P. A date of about 38,000 yr B.P.
(this study, sample Beta-123941) from a sandy fluvial deposit underlying till a few miles from the
northeast corner of the quadrangle provides a maximum age for the advance outwash.

Port Angeles Quadrangle

Sand, gravel, and lacustrine clay, silt, and sand deposited during glacial advance; gray where fresh,
grayish brown and grayish orange where weathered; sands commonly thick, well sorted, and fine
grained; mapped where its stratigraphic position beneath Vashon till (unit PEgt) can be established. In
sea-cliff exposures between Siebert and Morse Creeks, displays prominent west-dipping foreset beds
with very large angular silt rip-up blocks (5 ft or greater) resembling underlying nonglacial silts; foreset
beds are laterally continuous over a distance of about 2.5 mi and are interpreted to represent one or
more glacial outburst flood events during glacial advance (Schasse and Polenz, 2002). Age in the Port
Angeles 1:100,000-scale quadrangle is between 17.5 and 18.5 ka as reported by Blunt and others
(1987) from bluff exposures west of Sequim.
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Shelton Quadrangle

Glaciofluvial sand and gravel and lacustrine clay, silt, and sand deposited during the advance of
glaciers; sandy units commonly thick, well sorted, and fine grained, with interlayered coarser sand,
gravel, and cobbles and silt rip-up lag deposits at their base; may contain nonglacial sediments;
generally overlain by till.

PEgas - Advance continental glacial outwash, Fraser-age, sand (mostly
Vashon Stade in western Washington) (Pleistocene)

Unit is present on the Shelton Quadrangle.

Shelton Quadrangle

Sand unit of glaciofluvial sand and gravel and lacustrine clay (PEga), silt, and sand deposited during
the advance of glaciers; sandy units commonly thick, well sorted, and fine grained, with interlayered
coarser sand, gravel, and cobbles and silt rip-up lag deposits at their base; may contain nonglacial
sediments; generally overlain by till.

PEgl - Glaciolacustrine deposits, Fraser-age (mostly Vashon Stade in
western Washington) (Pleistocene)

Unit is present on the Cape Flattery, Mount Olympus and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Laminated sand, silt, and clay with disseminated dropstones deposited in proglacial lake about 2 mi
east of the south end of Ozette Lake.

Mount Olympus Quadrangle

Well-sorted, fine-grained, laminated sand, silt, and clay; bluish gray, gray, and tan. The most extensive
deposits are located in the Elwha River valley where the Juan de Fuca lobe formed lakes by damming
rivers draining the Olympic Mountains. Similar but smaller deposits also occur in the lower reaches of
east-flowing drainages; because they are smaller and generally older than and underlying the latest
Fraser (Vashon) continental till (unit PEgt) and outwash (unit PEgo), they are not mapped on this
guadrangle.

Port Angeles Quadrangle

Sand, silt, and clay deposited in proglacial lakes; laminated, with disseminated dropstones; medium
gray where wet and fresh, tan where dry and oxidized; formed during both glacial advance and
recession.
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PEgd - Continental glacial drift, Fraser-age (mostly Vashon Stade in western
Washington) (Pleistocene)

Unit is present on the Cape Flattery, Forks, Mount Olympus, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Till and outwash deposits from continental and alpine glaciers; locally includes lacustrine deposits and
glacial deposits modified by stream terracing; in most places, contacts between glacial drift and
bedrock are inferred.

Forks Quadrangle

Deposits left by the Juan de Fuca lobe of the continental glacier are mapped as undifferentiated drift
where a combination of depositional environments is represented or no characteristic sediment type is
dominant. These deposits can include outwash, till, and lacustrine sediments and are predominantly of
Vashon age, although some may correlate to pre-Vashon glaciations.

Mount Olympus Quadrangle

May include outwash, till, and lacustrine sediments; mapped where a combination of depositional
environments is represented or no characteristic sediment type is dominant.

Port Angeles Quadrangle

Glacial deposits of Vashon age consisting of mixtures of sand and gravel, lodgment till, sandy ablation
(?) till, and lacustrine(?) silts; commonly characterized by hummocky topography. Represents those
materials not separately mappable as units PEgo, PEgI|, PEgt, or PEga at the map scale; age range is
that of the included units (~12-19 ka). On southern San Juan Island, consists of poorly sorted,
generally nonstratified till covered by 1.5 to 10 ft of marine diamicton (San Juan Island unit Qgdme);
mapped below 200 ft elevation where till (unit PEgt) and marine diamicton (San Juan Island unit
Qgdme) cannot be differentiated at map scale; generally unfossiliferous. (Description of unit on San
Juan Island compiled from Dethier and others, 1996.)

Shelton Quadrangle

Undifferentiated till and outwash sand and gravel of mostly northern provenance; contains granitic and
metamorphic clasts and abundant polycrystalline quartz characteristic of sediments deposited by the
Puget lobe of the Cordilleran glacier; minor locally derived Crescent Formation basalt may also be
present; may contain clay, silt, sand, gravel, or rare boulders; light gray where fresh with rare reworked
weathered clasts and local yellow to brown mineral staining; may be stratified or nonstratified; compact
to loose; may occur as morainal ridges; contains mixtures of till and outwash not separately mappable;
clasts in till are rounded, faceted, and (or) striated; clasts in outwash are sub- to well-rounded; finer-
grained fraction is angular in till versus sub- to well-rounded in outwash; age of maximum ice advance
in map area has been estimated to be 14,000 yr (Porter, 1970) to 12,600 yr (Carson, 1970).

PEgdc - Continental glacial and non-glacial deposits, Fraser-age
(Pleistocene)

Unit is present on the Forks Quadrangle.

Forks Quadrangle
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These deposits consist of stratified fluvial cobbles and gravel exposed in sea cliffs of the marine
terraces near Kalaloch Creek. Unit PEgdc deposits are generally oxidized to 1-3 m and capped with
1-2 m of loess. They are probably reworked from units PEapo and PEapwo(2) and alluvium from
Kalaloch Creek. Deposits are gently dipping and laterally continuous, suggesting deposition in a beach
environment and reworking by coastal waves. Some cut-and-fill structures and foreset beds exist.

PEapo - Alpine glacial outwash, pre-Fraser (Pleistocene)

Unit is present on the Copalis Beach, Forks, Mount Olympus and Shelton Quadrangles.

Copalis Beach Quadrangle

Stratified sand, gravel, and cobbles of mostly sandstone and minor basalt from the Olympic Mountains
core and peripheral rocks; includes some peat, silt, clay, and weathered loess; clasts are generally
more rounded than clasts in till and lack facets and striations; poorly to moderately sorted; gray to
subtle yellow with wispy orange weathering; forms gravel trains that rise at the terminal moraine of the
older part of the Chow Chow drift (Moore, 1965) and merge laterally along the coast with and are
indistinguishable from the Lyman Rapids outwash of Thackray (1996); both the Chow Chow and
Lyman Rapids outwash were deposited along a paleo-shoreline that truncates the till plain of the
Humptulips drift of Moore (1965).

Forks Quadrangle

This is the youngest of the three pre-Fraser drift units. The deposits are similar to unit PEao in grain-
size distribution, clast lithology, and bedding characteristics, but are weathered to 1-2 m deep and are
commonly capped by mottled tan-gray to pale orange silt and clayey silt (loess). The loess is
commonly bioturbated, incorporating cobbles from the underlying outwash. Unit PEapo deposits are
generally weakly consolidated and consist of cobbles and gravel in a sandy matrix. Clasts are
dominantly 10-20 cm in size, with occasional boulders larger than 1 m. The clast-to-matrix ratio is
variable.

Unit PEapo deposits are found in most of the larger valleys; they form the upper 3—-10 m of terraces,
with surfaces 30—60 m above the active channels. They are also exposed near the surface in coastal
bluffs 5—7 km to the north and south of the Queets River, a few kilometers south of the Hoh River, and
underlying unit PEao deposits south of Destruction Island viewpoint. Clasts are derived solely from
Olympic Peninsula rocks. Outwash from the younger pre-Fraser glaciers in the Hoh valley was
deposited into the Snahapish and Clearwater drainages and into the Bogachiel valley north of the
divide with the Hoh valley. Here the Hoh glacier bifurcated, with one branch flowing northward ~1.5 km
from the Hoh valley into the Bogachiel valley.

These younger pre-Fraser outwash deposits are equivalent in age to the early or middle Wisconsinan
Lyman Rapids drift of Thackray (1996). They probably correlate to oxygen-isotope stage 4 or 3, but
might be as old as stage 5b. Minimum-age radiocarbon dating and stratigraphic correlations suggest
an age of ~55,000-110,000 yr B.P. (Thackray, 1996). It should be noted that in some drainages there
may be very little difference in age between this drift and the Fraserage drift.

Mount Olympus Quadrangle

Cobbles and gravel in a sandy matrix; weakly consolidated; clast supported; stratified to weakly
stratified where deposition was ice-proximal; variable clast size, dominated by cobbles with rare
boulders greater than 1 m in diameter; derived solely from Olympic Peninsula rock types; occurs as
isolated terrace deposits along the Sams River. Similar to unit PEao deposits in grain-size distribution,
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clast lithology, and bedding characteristics, but weathered to depths of 1 to 2 m.

These deposits represent a broad age range that might correlate to the Lyman Rapids drift of
Thackray (1996) (early or middle Wisconsinan) in the Hoh and Queets River valleys, and to oxygen
isotope stage 4 or 3, although they could be as old as stage 5b. Minimum-age radiocarbon dating and
stratigraphic correlations of deposits in the Hoh and Queets River valleys suggest an age range of
approximately 55,000 to 110,000 yr B.P. or greater. In some drainages, unit PEapo may represent or
be reworked from pre-Wisconsinan drift; because source rock types for both deposits are the same,
and radiocarbon dates for both would be infinite, it is impossible to make the distinction between the
two.

Shelton Quadrangle

Stratified sand, gravel, and cobbles; in the Quinault basin, clasts consist of sandstone and less-
abundant basalt from the Olympic Mountains core and peripheral rocks; in streams draining the
southern and southeastern Olympics, clasts consist primarily of Crescent Formation basalt with less-
abundant Olympic-core sandstone; may include peat, silt, and clay, and may be capped by weathered
loess; clasts are generally more rounded than those in till and lack facets and striations; poorly to
moderately sorted; gray to subtle yellow with wispy orange weathering

PEapt - Alpine glacial till, pre-Fraser (Pleistocene)

Unit is present on the Copalis Beach, Forks, Mount Olympus and Shelton Quadrangles.

Copalis Beach Quadrangle

Compact, nonstratified, poorly sorted mixture of clay, silt, sand, and gravel with boulders disseminated
throughout; clasts consist of sandstone and basalt of Olympic Mountains core and peripheral
provenance, respectively, and are commonly striated, faceted, and less rounded than outwash clasts,
especially in the sand-size fraction; gray where fresh, mottled yellowish brown to red-brown near the
ground surface; may be covered with cream-colored weathered loess; occurs as erosional remnants of
the terminal moraine of the older part of Moore’s (1965) Chow Chow drift; till is surrounded by outwash
trains (unit PEapo).

Forks Quadrangle

These deposits generally occur as lodgment till, characteristically unstratified compact deposits of
rounded to subrounded to subangular clasts in a clay and silt matrix. Clasts are derived solely from
Olympic Peninsula rocks. Where till forms moraines, the deposits are commonly less consolidated
than lodgement till and weakly bedded. In places, the till is capped by up to 2 m of loess where
outwash either was not deposited or was removed by subsequent glacial erosion. Where unit PEapt
occurs as lodgment till, the overlying loess incorporates few cobbles from the till, because bioturbation
is usually limited to the loess in those locations.

Unit PEapt moraines are broad and of relatively low relief. They form long, nested, lobate ridges in the
lower Queets valley; in the Hoh valley, terminal moraines bifurcated near the present divide between
the Hoh and Bogachiel basins. Unit PEapt moraines are not apparent in the Bogachiel drainage,
possibly due to burial by subsequent alpine or continental outwash. Unit PEapt is also found as
ablation till, which can be seen along the Queets River upstream of its confluence with the Clearwater
River and inboard of Thackray's (1996) Lyman Rapids terminal moraine a few miles downstream of
the confluence with the Salmon River.
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Unit PEapt deposits are equivalent in age to drift of the Lyman Rapids advance of Thackray (1996),
suggesting a minimum age of ~55,000 yr B.P.

Mount Olympus Quadrangle

Most commonly compact deposit of poorly sorted, rounded to subangular clasts in a gray to tan matrix
of clay and silt (lodgment till); generally unstratified; limited exposures in the upper Prairie Creek
drainage (T23N R10W) and at the confluence of the Hoh and South Fork Hoh Rivers suggest clasts
are derived solely from Olympic Peninsula rock types. Similar in age to unit PEapo. Locally divided
into: PEapt(m)

Shelton Quadrangle

Compact, gray to brown, poorly sorted mixture of silt, sand, gravel, and boulders of local provenance
found at lower elevations along the north side of Quinault Ridge; occurs as lodgment till covering
bedrock; small-size fraction is very angular; larger-size fraction is commonly faceted and striated; may
also contain older till.

PEapt(m) - Alpine glacial till, pre-Fraser (morainal deposits) (Pleistocene)

Unit is present on the Mount Olympus Quadrangle.

Mount Olympus Quadrangle

Where unconsolidated alpine till occurs as distinct landforms, it is mapped as a moraine. Deposits are
commonly weakly bedded and may include lenses of stratified sand, gravel, and silt or clay. Moraines
are mapped in the lower reaches of the Sams River near its confluence with the Queets River.

PEapt(1) - Alpine glacial till, pre-Fraser (Pleistocene)

No unit descriptions provided. Unit assigned to one geologic sample for radiocarbon age-date analysis.
The samples were collected within map units Qa and Qls on the Forks Quadrangle.

PEap - Alpine glacial drift, pre-Fraser (Pleistocene)

Unit is present on the Copalis Beach, Forks, Mount Olympus and Shelton Quadrangles.

Copalis Beach Quadrangle

Till and outwash sand and gravel; clasts consist of sandstone, slate, and basalt of the Olympic
Mountains core; gray with local orange weathering; may be covered with cream-colored weathered
loess; comprises ground moraine of the older part of the Chow Chow drift of Moore (1965), which lies
west of Lake Quinault.

Forks Quadrangle
Deposits mapped as unit PEap may include outwash, till, and lacustrine sediments. Ablation till and
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deposits underlying dead-ice topography are mapped as unit PEap. Drift is also mapped where several
depositional environments are represented in near-vertical exposures, as along stream banks. Unit
PEap underlies much of the valley bottom adjacent to the Sitkum River, as well as a small area along
the Salmon River.

Mount Olympus Quadrangle

May include outwash (unit PEapo), till (unit PEapt), and lacustrine sediments; mapped where deposits
cannot confidently be assigned to any particular depositional environment, or where several
depositional environments are represented in a small area such as at the confluence of the Sams and
Queets Rivers on the adjacent Forks 1:100,000-scale quadrangle to the west.

Shelton Quadrangle

Undifferentiated till and outwash sand and gravel; gray with local orange weathering; locally covered
with cream-colored weathered loess; consists of mostly ground and end moraine.

PEap(1) - Alpine glacial drift, pre-Fraser (Pleistocene)

No unit descriptions provided. Unit assigned to one geologic sample for radiocarbon age-date analysis.
The sample was collected in unit Qa on the Forks Quadrangle.

PEapwo(2) - Alpine glacial outwash, pre-Wisconsinan (younger) (Pleistocene)

Unit is present on the Copalis Beach and Forks Quadrangles.

Copalis Beach Quadrangle

Undifferentiated till and outwash; outwash consists of sand and gravel with laterally discontinuous beds
of lacustrine silt and clay; till is locally capped by loess; clasts are composed primarily of
lithofeldspathic and feldspatholithic sandstone and basalt; weathered to depths exceeding 12 ft (4 m);
red-orange weathering rinds on clasts; ancient surfaces are moderately dissected by streams; includes
part of the Whale Creek drift (Thackray, 1996) in the Queets River basin and the Humptulips drift
(Moore, 1965) in the Quinault River basin.

Forks Quadrangle

Deposits are generally composed of clast supported cobbles and gravel in a clayey sand and silt
matrix. They are characterized by orange and white weathering and alteration to more than 4m depth,
with punky clasts of Olympic Peninsula materials. In the northern map area, these deposits include
scattered clasts of reworked older continental deposits, identified by clasts derived from the North
Cascades or British Columbia. In the lower Queets and Hoh valleys, deposits lie outboard of unit
PEapwt(2) moraines and dominate the lowland along the southern boundary of the quadrangle,
forming terrace surfaces at about 125 m elevation. On the south side of the Quillayute River, unit
PEapwo(2) is included in deposits mapped as drift (unit PEapw(2)) where outwash deposits are too
small to map at this scale. They are also included as unit PEapw(2) where incision by the river
exposes a sequence of (from bottom to top) bedrock, advance outwash, till, recessional outwash, and
loess.

Unit PEapwo(2) includes primarily outwash of the Whale Creek advance of Thackray (1996) and may
be lllinoian in age (late pre-Wisconsinan), possibly as old as 200,000 yr B.P. Unit PEapwo(2) may also
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include some Wolf Creek—age outwash

PEapwt(2) - Alpine glacial till, pre-Wisconsinan (younger) (Pleistocene)

Unit is present on the Forks and Shelton Quadrangles.

Forks Quadrangle

Deposits are gravel, cobbles, and boulders supported in a very dense clay and silt matrix,
characterized by orange-colored weathering, commonly to more than 4 m depth. Clasts are derived
predominantly from Olympic Peninsula rocks, but include some clasts of reworked older Juan de Fuca
lobe glacial deposits. Clasts generally range in size from 3 to 30 cm. Till thickness ranges from a thin
veneer to at least 3 m in the Goodman and Murphy Creek drainages. Unit PEapwt(2) is commonly
overlain by outwash (unit PEapwo(2)) and capped by 2—3m of loess, as on the south side of the
Quillayute River and in the Goodman Creek drainage.

No moraines are preserved from this advance in the northern part of the quadrangle, probably due to
burial or erosion by subsequent alpine and continental glaciations. Prominent nested moraines (unit
PEapwt(2m) on Plate 1 and in GIS database) with crest elevations of about 344 m above sea level are
located on both sides of the Queets valley. The moraine crests are traceable from near the confluence
with the Salmon River to a terminal position about 15 km downstream, where they are breached by the
Queets River. Moraine morphology is very subdued, but the moraines rise slightly above the outwash
plain into which they grade at about 125 m above sea level. No distinct PEapwt(2) moraines can be
seen in the Hoh or Quillayute valleys, except possibly on the south side of Anderson Ridge (Tabor and
Cady, 1978a).

Unit PEapwt(2) represents till of the Whale Creek advance of Thackray (1996) and may be lllinoian in
age (late pre-Wisconsinan), possibly around 200,000 yr B.P.

Shelton Quadrangle

Compact mixture of silt, sand, and gravel; may contain some faceted and striated boulders; may also
contain outwash or loess; deeply weathered to brownish red; located along the north side of the
Quinault River valley; true age unknown; mapped by Moore (1965) as Humptulips till and drift.

PEapwt(2m) - Alpine glacial till, pre-Wisconsinan (younger morainal deposits)
(Pleistocene)

Unit is present on the Forks Quadrangle.

Forks Quadrangle

Prominent nested moraines on unit PEapwt(2). Deposits are gravel, cobbles, and boulders supported
in a very dense clay and silt matrix, characterized by orange-colored weathering, commonly to more
than 4 m depth. Clasts are derived predominantly from Olympic Peninsula rocks, but include some
clasts of reworked older Juan de Fuca lobe glacial deposits. Clasts generally range in size from 3 to 30
cm. Till thickness ranges from a thin veneer to at least 3 m in the Goodman and Murphy Creek
drainages. Unit PEapwt(2) is commonly overlain by outwash (unit PEapwo(2)) and capped by 2—3mof
loess, as on the south side of the Quillayute River and in the Goodman Creek drainage.
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No moraines are preserved from this advance in the northern part of the quadrangle, probably due to
burial or erosion by subsequent alpine and continental glaciations. Prominent nested moraines (unit
PEapwt(2m) on Plate 1 and in GIS database) with crest elevations of about 344 m above sea level are
located on both sides of the Queets valley. The moraine crests are traceable from near the confluence
with the Salmon River to a terminal position about 15 km downstream, where they are breached by the
Queets River. Moraine morphology is very subdued, but the moraines rise slightly above the outwash
plain into which they grade at about 125 m above sea level. No distinct PEapwt(2) moraines can be
seen in the Hoh or Quillayute valleys, except possibly on the south side of Anderson Ridge (Tabor and
Cady, 1978a).

Unit PEapwt(2) represents till of the Whale Creek advance of Thackray (1996) and may be lllinoian in
age (late pre-Wisconsinan), possibly around 200,000 yr B.P.

PEapw(2) - Alpine glacial drift, pre-Wisconsinan (younger) (Pleistocene)

Unit is present on the Copalis Beach, Forks and Shelton Quadrangles.

Copalis Beach Quadrangle

Undifferentiated till and outwash; outwash consists of sand and gravel with laterally discontinuous beds
of lacustrine silt and clay; till is locally capped by loess; clasts are composed primarily of
lithofeldspathic and feldspatholithic sandstone and basalt; weathered to depths exceeding 12 ft (4 m);
red-orange weathering rinds on clasts; ancient surfaces are moderately dissected by streams; includes
part of the Whale Creek drift (Thackray, 1996) in the Queets River basin and the Humptulips drift
(Moore, 1965) in the Quinault River basin.

Forks Quadrangle

Deposits mapped as unit PEapw(2) include outwash, till, and lacustrine sediments, which are mapped
together when they cannot confidently be assigned to any particular depositional environment or when
several depositional environments are represented in near-vertical exposures, as along stream banks.
Although unit PEapw(2) is mostly till, the area adjacent to the Quillayute River and within the Goodman
Creek drainage is mapped as drift for the above reasons. Ablation till and deposits underlying dead ice
topography are also mapped as unit PEapw(2). Up to 4 m of cobbly outwash deposits of this younger
pre- Wisconsinan drift are exposed in coastal bluffs overlying unit MIEbx for several miles south of the
Quillayute River. Unit PEapw(2) is also mapped where exposures of either till (unit PEapwt(2)) or
outwash (unit PEapwo(2)) are too small to map.

Glaciolacustrine deposits are not mapped as a separate unit because they are usually found in near
vertical river bank exposures or described in well logs where they are overlain by other sediments.
Lacustrine sediments are commonly involved in large-scale deep-seated landsliding. They have also
been important in reconstructing the depositional environments and history of ice advances and
retreats, occasionally yielding organic material for radiocarbon dating. Lacustrine deposits in the Hoh
and Queets valleys suggest that lakes commonly formed behind terminal moraines during alpine-ice
recessional periods. However, well logs from west of Forks on Quillayute Prairie suggest extensive
lacustrine deposits at depths greater than 30 m. These may be related to continental glaciation of
Fraser age.

Deposits mapped as unit PEapw(2) include primarily drift of the Whale Creek advance of Thackray
(1996) and may be lllinoian in age (late pre-Wisconsinan), possibly around 200,000 yr B.P.
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Shelton Quadrangle

Undifferentiated till, outwash sand and gravel, lacustrine silt and clay, and loess; clasts are composed
primarily of basalt and sandstone from peripheral and core rocks of the Olympic Peninsula; weathered
to depths exceeding 12 ft; red-orange weathering rinds on clasts; ancient surfaces are moderately
dissected by streams; locally covered with a well-developed soil and strongly incised by streams,
indicating possibly greater age.

PEapwo(1) - Alpine glacial outwash, pre-Wisconsinan (older) (Pleistocene)

Unit is present on the Copalis Beach and Forks Quadrangles.

Copalis Beach Quadrangle

Sand and pebble gravel with local beds of coarse gravel and silt; so deeply weathered that clasts can
be cut by a knife; gravels are reddish brown and moderately cemented by iron oxide; extensive
distribution of deposits scattered along the southern and western flanks of the Olympic Mountains
suggest a glacial origin; consists mostly of the “moderately and intensely deformed sand and gravel” of
Moore (1965).

Forks Quadrangle

Deposits of unit PEapwo(1) are similar in character to deposits of unit PEapwo(2). In the Forks
guadrangle, unit PEapwo(1) is mapped only in the Queets drainage over a small area outboard of the
right lateral unit PEapwt(1) moraine. Unit PEapwo(1) deposits also crop out to the south in the Copalis
Beach 1:100,000 quadrangle (Logan, in progress).

Unit PEapwo(1) corresponds to the Wolf Creek drift of Thackray (1996). Stratigraphic correlations with
reversely magnetized lacustrine sediments suggest a minimum age of 780,000 yr B.P.

PEapwt(1) - Alpine glacial till, pre-Wisconsinan (older) (Pleistocene)

Unit is present on the Forks and Shelton Quadrangles.

Forks Quadrangle

Similar in character to deposits of unit PEapwt(2), this unit is mapped only in the Queets drainage. Unit
PEapwt(1) occurs as a subdued morainal ridge (labeled as unit PEapwt(1m) on Plate 1 and in GIS
database) adjacent to and outboard of the unit PEapwt(2) moraine on the north side of the valley. The
complementary left lateral moraine occurs in the Copalis Beach 1:100,000 quadrangle to the south
(Logan, in progress), although a small remnant of the upvalley segment is mapped in the Queets
valley between Matheny Creek and the Salmon River.

Unit PEapwt(1) corresponds to the Wolf Creek drift of Thackray (1996). Stratigraphic correlations with
reversely magnetized lacustrine sediments suggest a minimum age of 780,000 yr B.P.

Shelton Quadrangle
Compact, nonsorted mixture of clay, silt, sand, and gravel with boulders; larger clasts are faceted and
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striated, and are locally angular due to short transport distances; sand-size fraction is very angular;
clasts consist of locally derived basalt; shown schematically on map in upper reaches of hanging
valleys on north side of Quinault Ridge, where pockets of locally derived till are present in ravine
bottoms and side channels and locally covered with colluvium.

PEapwt(1lm) - Alpine glacial till, pre-Wisconsinan (older morainal deposits)
(Pleistocene)

Unit is present on the Forks Quadrangle.

Forks Quadrangle

Subdued morainal ridge on unit PEapwt(1). Similar in character to deposits of unit PEapwt(2), this unit
is mapped only in the Queets drainage. Unit PEapwt(1) occurs as a subdued morainal ridge (labeled
as unit PEapwt(1m) on Plate 1 and in GIS database) adjacent to and outboard of the unit PEapwt(2)
moraine on the north side of the valley. The complementary left lateral moraine occurs in the Copalis
Beach 1:100,000 quadrangle to the south (Logan, in progress), although a small remnant of the
upvalley segment is mapped in the Queets valley between Matheny Creek and the Salmon River.

Unit PEapwt(1) corresponds to the Wolf Creek drift of Thackray (1996). Stratigraphic correlations with
reversely magnetized lacustrine sediments suggest a minimum age of 780,000 yr B.P.

PEapw(1) - Alpine glacial drift, pre-Wisconsinan (older) (Pleistocene)

Unit is present on the Copalis Beach and Shelton Quadrangles.

Copalis Beach Quadrangle

Undifferentiated till and outwash; outwash consists of sand and gravel with lenses of lacustrine silt and
clay; deep red-orange; clasts thoroughly weathered to depths exceeding 60 ft (20 m); ancient surfaces
are highly dissected by streams; includes part of the Wolf Creek drift (Thackray, 1996) in the Queets
River basin and pre-Humptulips drift equivalent to the Donkey Creek drift of Moore (1965).

Shelton Quadrangle

Undifferentiated till, outwash sand and gravel, and lacustrine silt and clay; deep red-orange; weathered
to depths exceeding 60 ft with clasts thoroughly weathered; ancient moraine surfaces are highly
dissected by streams.

PLMIm - Marine sedimentary rocks (Pliocene-Miocene)
Unit is present on the Forks Quadrangle.

Forks Quadrangle

Unit PLMIm consists of medium- to coarse-grained sandstones with lenses of fossiliferous
conglomerate and sandy fossiliferous siltstone. It is restricted to a few small outcrops on the coastal
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sheet, but offshore, a minimum of several hundred meters of section are present (Palmer and Lingley,
1989).

Unit PLMIm includes the Quillayute Formation of Reagan (1909), unit Tqy of Rau (1979), and unit Tqq
of Tabor and Cady (1978a).

The age of unit PLMIm is Pliocene to Late Miocene. (See discussion in Rau, 1979.) It unconformably
overlies unit MIm(r) and is unconformably overlain by units Qao and Qa. Rocks of unit PLMIm are
interpreted as shallow marine deposits (Rau, 1979; Stewart, 1970).

PLMIn - Nearshore sedimentary rocks (Pliocene-Miocene)

Unit is present on the Copalis Beach Quadrangle.

Copalis Beach Quadrangle

Siltstone, sandstone, and conglomerate; fossiliferous; concretionary and carbonaceous; contains
flame and ball-and-pillow structures; consists of the Quinault Formation.

MIm(st) - Hoh rock assemblage (Miocene)

Unit is present on the Shelton Quadrangle.

Shelton Quadrangle

Thick, laterally discontinuous, medium- to very coarse-grained, micaceous, feldspatholithic to
lithofeldspathic sandstones separated by thin-bedded (1-12 in.) sandstone, siltstone, claystone, and
shale; minor siltstone-, shale-, and slate-clast breccia, granule conglomerate, and pebble
conglomerate; bedding of thick sandstones generally thicker than 3 ft; common platy shale, slate, or
siltstone clasts; consists of part of the Hoh rock assemblage (Rau, 1973)..

Miml(c) - Pebble conglomerate (Miocene)

Unit is present on the Forks Quadrangle.

Forks Quadrangle

Unit MIml(c) consists of clast-supported pebble conglomerate with well-rounded, ellipsoidal to
subspherical pebbles and conglomeratic sandstone.

Beds are mostly 0.5—-4 m thick and generally discontinuous along strike. Individual beds show little
internal structure, but weak imbrication has been observed locally.

Pebbles include siliciclastic rocks of probable local origin together with chert, volcanic rocks, and minor
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granitoid, limestone, and quartzite clasts. Within each bed, lithic sandstone clasts display variable
induration. Typically, pebbles range from 0.5-3 cm. Unit Mmlc does not include the granule and rip-up
clast conglomerates or breccia, which are mapped as part of unit Mml. Unit Mmlc varies from gray,
brownish gray, and greenish gray to very dark gray. Weathering colors are generally medium to dark

gray.

Unit MIml(c) includes unit Thecs of Rau (1975, 1979), parts of units Thsu and Thc of Lingley and others
(1996), and units Twoc and Thc of Tabor and Cady (1978a). These rocks are included in Lithofacies Il
of Lingley (1995).

The age of unit MImli(c) is Early to Middle Miocene (Rau 1975, 1979). It generally has conformable
relations with coeval units MIiml and MIm(r).

Rocks of unit MIiml(c) are interpreted as channel facies deposited from debris flows in a bathyal open-
marine environment (Lingley, 1995; Rau, 1979; Stewart, 1970).

MIm(r) - Rhythmic thin- to medium-bedded sandstone and shale (Miocene)

Unit is present on the Forks Quadrangle.

Forks Quadrangle

Unit MIm(r) is a monotonous sequence of gray, very fine- to medium-grained, feldspatholithic to
lithofeldspathic sandstones and very dark gray siltstone and shale or slate, much of which is
rhythmically bedded (Rau, 1979; Tabor and Cady, 1978a; Weissenborn and Snavely, 1968). The
sandstone to siltstone plus slate ratio is generally greater than 1.

Bedding characteristics are most useful for identifying this unit. With rare exceptions, bed thickness
ranges from laminations to less than 50 cm and averages about 10 cm.Most of these rocks are
parallel bedded with little or no variation in thickness observed at outcrop scale. Basal and upper
contacts are generally sharp, but a few sequences are composed of a basal sandstone bed that
grades upward into laminated siltstone and (or) shale. Most individual sandstone beds are laminated.

Unit MIm(r) varies from gray, brownish gray, or olive gray to very dark gray. Sandstone beds and
laminations are lighter colored. Detrital muscovite and very dark gray, platy rip-up clasts are common
in the sandstones. The sandstone and siltstone beds have blocky weathering profiles and commonly
form a colluvium of 2 x 2 x 4-cm blocks.Weathering colors are generally medium to dark gray,
yellowish red (5YR5/8 to 7.5YR5/8) (Munsell Color Corp., 1975), medium reddish brown, or a
distinctive reddish yellow (7.5YRG6/ 8).

Unit MIm(r) includes units Thsl, Thim, and Thss of Rau (1975, 1979) and Lingley and others (1996)
and units Thr, Thsr, and Twor of Tabor and Cady (1978a). These rocks are included in Lithofacies |
and IV of Lingley (1995).

In the western portion of the map area, the age of unit MIm(r) is well constrained as Early to Middle
Miocene (25-14Ma) by numerous microfossil and macrofossil determinations (Addicott, 1976; Rau,
1975, 1979), stratigraphic position (Palmer and Lingley, 1989), and zircon fission-track ages. In the
eastern part of the map area, the age is poorly constrained as Early Miocene by zircon fission-track
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minimum ages. This unit generally shows conformable relations with coeval units MIml and MIml(c). It
is inferred to be in fault contact with units MIEm and OLEm.

Rocks of unit MIm(r) are interpreted as submarine interchannel and levee facies deposited in middle to
lower bathyal open-marine environments (Stewart, 1970; Rau, 1979; Lingley, 1995).

MIml - Marine clastic rocks (marine clastic rocks, dominantly thick-bedded
lithic sandstone) (Miocene)

Unit is present on the Copalis Beach and Forks Quadrangles.

Copalis Beach Quadrangle

Thick- to rhythmically bedded siltstone with thin laminae of fine-grained sandstone; interbedded with
Eocene volcanic rocks (unit Evb) at Point Grenville (Rau, 1973, 1975).

Forks Quadrangle

Unit MIiml is composed mainly of nongraded, 1-50 m thick, multistory lithic sandstones and matrix-
supported granule conglomerates. These coarse-grained rocks are laterally discontinuous and
vertically separated by a few meters to more than 100 m of thin- to medium-bedded shales and
laminated siltstones similar to those of unit MIm(r).

Most unit MIml exposures include five or more vertically stacked beds, ranging from 0.5 to 5 m thick.
Except for rare poorly developed, normally graded beds, most sandstone beds are massive. However,
individual thick sandstone beds with massive bases and widely spaced, parallel laminations and (or)
parallel banding developed within a meter of the top are also present. Both the massive sandstone
sequences and sandstone beds with laminated/banded tops are generally lenticular on an outcrop
scale, although map patterns suggest that some larger packets are tabular. Dish structures are
present in some outcrops, and loading features are present on some bedding planes. Rare tool marks
and current lineations generally trend northeast or southwest. A few Bouma sequences have been
observed in the Kalaloch Creek basin.

The sandstone and granule conglomerates are lithic to lithofeldspathic arenites (Dickinson, 1970).
They are medium- to very coarse-grained and moderately to well-sorted. Most massive or laminated/
banded sandstone beds contain rip-up clasts or intraclasts of mudstone, very dark-gray siltstone, and
(or) tuffaceous siltstone. These clasts are generally tabular, range from 0.3 mm to more than 30 cm in
length, and are oriented parallel to bedding. Many of the tabular rip-up clasts taper to very thin, fragile
edges. They are gray, dark gray, or olive gray and weather tan or light gray.

Unit MIml includes unit Ths of Rau (1975, 1979), unit Thts of Lingley and others (1996) and units Thts
and Thsp of Tabor and Cady (1978a). These rocks are included in Lithofacies Il and Il of Lingley
(1995).

As in unit MIm(r), the age of unit MIiml is constrained as Early to Middle Miocene (25-14Ma) in the
Coastal structural sheet (Rau 1975, 1979), but poorly constrained by zircon fission-track minimum
ages in the Salmon River structural sheet (Plate 1). Unit MIiml generally shows conformable relations
with units MIm(r) and MIml(c). It is inferred to be in fault contact with unit OLEm.
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The massive to thick-bedded sandstones in unit MIml were mostly deposited from sandy debris flows
in a bathyal open-marine environment (Lingley, 1995). Thin-bedded rocks within unit MIml are mostly
interpreted as deep-marine interdistributary and levee deposits

MIm(ss) - Sandstone (Miocene)

Unit is present on the Copalis Beach Quadrangle.

Copalis Beach Quadrangle

Thick units of laterally discontinuous, medium- to very coarse-grained, micaceous, feldspatholithic to
lithofeldspathic sandstone; minor siltstone-, shale-, and slate-clast breccia, granule conglomerate, and
pebble conglomerate; bedding generally thicker than 1 m (3 ft); common platy shale, slate, or siltstone
clasts; thick sandstones are separated by thin-bedded (1-12 in. [1-30 cm]) sandstone, siltstone,
claystone, and shale; consists of part of the Hoh rock assemblage (Rau, 1973).

MIm(sl) - Siltstone (Miocene)

Unit is present on the Copalis Beach Quadrangle.

Copalis Beach Quadrangle

Thin-bedded (1-20 cm [1-8 in.]) and (or) laminated lithofeldspathic sandstone and siltstone with less
abundant claystone, shale, and thick-bedded (>2 ft [>60 cm]) sandstone; minor conglomerate and
shale-clast breccia; commonly weathers orange; rhythmically bedded and carbonaceous in part;
consists of part of the Hoh rock assemblage (Rau, 1973).

Mibx - Tectonic breccia (Miocene)

Unit is present on the Copalis Beach Quadrangle.

Copalis Beach Quadrangle

Lenses and angular blocks of sandstone, siltstone, shale, conglomerate, and volcanogenic rocks in a
matrix of black shale with scaly cleavage or of intensely sheared sandstone and siltstone; includes
diapiric muds, fault breccias, and submarine landslide deposits; includes part of the Hoh rock
assemblage (Rau, 1973).

Mlv - Volcanic rocks (Miocene)

Unit is present on the Copalis Beach Quadrangle.
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Copalis Beach Quadrangle

Altered basalt and (or) basaltic breccia mixed with reddish, green, or gray clasts of argillite; basalts are
green or dark gray and contain abundant calcite, chlorite, and other very fine-grained secondary
minerals; altered plagioclase phenocrysts persist in some basalts; occurs as isolated blocks that are
commonly fault-bounded and surrounded by sedimentary rocks.

Mivb - Basaltic rocks of the Jaun de Fuca Plate (subsurface only) (Miocene)

Unit is present on the Forks Quadrangle (but not as a mapped unit, only in depiction on Figure 5 of the
map)..

Forks Quadrangle

Unit Mlvb is inferred to be composed of basaltic rocks extruded along the Juan de Fuca Ridge. Drill
data from the ridge indicate compositions similar to those of other mid-oceanic ridges, but detailed
chemical analysis indicates a heterogenous mantle source (Van Wagoner and Leybourne, 1991).

The age of unit MIvb under the coastline is greater than 8 Ma as determined from magnetic isochron
4.5 (Atwater and Severinghaus, 1989).

Min(c) - Clallam Formation (lower Miocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Sandstone and conglomerate with minor siltstone. Shallow marine sandstone is micaceous,
feldspathic, quartzose, and typically thick bedded and locally pebbly, bioturbated, and cross-bedded,;
commonly mollusk bearing and carbonaceous; locally contemporaneously deformed. Conglomerate is
composed of rounded pebbles and cobbles of white quartz, dark-gray chert, phyllite, and light-gray
felsic tuff; foraminiferal assemblages are referred to the Saucesian Stage by Rau (1964, 1981);
mollusks are assigned to the Pillarian Stage by Addicott (1976a,b, 1981).

MIOLm(p) - Twin River Group, Pysht Formation (Miocene-Oligocene)

Unit is present on the Cape Flattery and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Massive and thin-bedded, poorly indurated, olive-gray sandy siltstone and mudstone; mollusk bearing
and concretionary with beds of fine- to medium-grained, thin-bedded, subfeldspathic sandstone; highly
susceptible to landsliding. Foraminiferal assemblages are assigned to lower part of the Saucesian and
upper part of the Zemorrian Stages by Rau (1964, 1981; and in Snavely and others, 1980); mollusks
are indicative of the Juanian Stage (Addicott, 1976b, 1981). Locally divided into: MIOLm(pc) and
MIOLm(ps)
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Port Angeles Quadrangle

Massive, poorly indurated marine mudstone, claystone, and sandy siltstone; also contains beds of very
thick calcareous sandstone (1-20 ft thick). Unweathered mudstone, claystone, and siltstone are
medium gray to dark greenish gray, pale yellowish brown where weathered. Mudstone locally contains
thin beds of calcareous claystone; argillaceous rocks commonly contain sparsely disseminated
calcareous concretions that are spherical, cylindrical, or irregular in shape. Mollusk shell fragments,
foraminifera, and carbonized plant material are common in mudstone. Gradational with the underlying
Makah Formation (unit OLEm(m))(Snavely and others, 1978). Contains Saucesian and upper
Zemorrian foraminifera (Rau, 1964, 1981, 2000, 2002); mollusks are indicative of the Juanian Stage
(Addicott, 1976, 1981). (Description compiled from Brown and others, 1960; Schasse and Wegmann,
2000.)

MIOLm(pc) - Twin River Group, Pysht Formation, conglomerate
(Miocene-Oligocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Channel deposits of thick- to medium-bedded, polymictic conglomerate.

MIOLm(ps) - Twin River Group, Pysht Formation, sandstone member
(Miocene-Oligocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Medium- and coarse-grained, micaceous, lithic and quartzofeldspathic sandstone

MIEm - Marine sedimentary rocks (Miocene-Eocene)

Unit is present on the Forks, Mount Olympus and Shelton Quadrangles.

Forks Quadrangle

Unit MIEm consists of undivided thick- and thin-bedded sandstone and conglomerate and thin-bedded
siltstone, shale, or slate. It includes rocks with lithologies and sedimentary structures similar to those of
units MIEml, MIEm(r), and MIEmI(c) that have not been mapped in sufficient detail to subdivide at
1:100,000 scale. Also included are rocks with no age control.

Unit MIEm includes unit Tur of Tabor and Cady (1978a) and unit Thsu of Lingley and others (1996).

An Early Miocene to Middle Eocene age (14-48 Ma) is assigned to unit MIEm on the basis of a limited
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number of zircon fission-track minimum ages (Plate 1) and one sample containing a Narizian faunal
assemblage (Lingley, 1995). Unit MIEm is inferred to be in fault contact with units Mmr and MIEmI.
The dearth of detailed mapping precludes facies identification.

Mount Olympus Quadrangle

Lithofeldspathic and feldspatholithic sandstone, siltstone, and slate grading eastward to or tectonically
intercalated with semischist, slate, and phyllite; minor sheared granule conglomerate; semischist,
sandstone, and granule conglomerate contain abundant platy shale, siltstone, tuff, or slate clasts,
grading to platy-clast breccia; moderately to poorly sorted; subangular where not thoroughly
recrystallized and schistose; laminated and (or) thin-bedded (1-20 cm) to thick-bedded (>60 cm); thin-
bedded rocks commonly rhythmic and have sharp to gradational planar contacts; thick-bedded rocks
discontinuous, massive or banded (1-3 cm) with rare normal grading and sharp, planar to scoured
contacts; detrital muscovite common; mostly metamorphosed to zeolite facies; penetratively cleaved;
tectonic lenses common; yields unreset Miocene to Eocene detrital zircon fission-track ages in the
western part of the quadrangle and possible unreset Miocene to Eocene fission track ages in the east-
central part of the quadrangle (Brandon and Vance, 1992; R. J. Stewart, Univ. of Wash., written
commun., 1999); includes part of the Western Olympic and Grand Valley lithic assemblages of Tabor
and Cady (1978a).

Shelton Quadrangle

Undifferentiated lithofeldspathic to feldspatholithic micaceous sandstone, siltstone, and slate; minor
granule and pebble conglomerate.

MIEmI - Marine clastic rocks (dominantly thick-bedded lithic sandstone)
(Miocene-Eocene)

Unit is present on the Forks Quadrangle.

Forks Quadrangle

Unit MIEmI closely resembles unit MIml and is composed mainly of massive sandstones and matrix-
supported granule conglomerates in laterally discontinuous multistory packets up to 40 m in thickness.
The coarse-grained packets are separated by tens to hundreds of meters of thin- to medium-bedded
slates and laminated siltstones similar to unit MIEm(r).

The sandstones are medium- to very coarse-grained and moderately to well-sorted. As in unit Miml,

rip-up clasts or intraclasts of mudstone, very dark-gray siltstone, and (or) tuffaceous siltstone are the
most important accessory. These intraclasts are dark gray, gray, or greenish gray, weather tan, and

are typically angular with fragile edges.

Unit MIEml includes Tabor and Cady’s (1978a) units Thts and Thc, part of unit Tur in the headwaters
of the Snahapish and Clearwater Rivers, and part of units Twoc and Twot between the headwaters of
the Clearwater River and South Fork Hoh River. It is also equivalent to unit Thts of Lingley and others
(1996) south of the Queets River. These rocks are included in Lithofacies Il of Lingley (1995).

The minimum age of unit MIEml is poorly constrained by a few zircon fission-track ages that range
from Early Miocene to Middle Eocene (Plate 1). Unit MIEmI generally shows conformable relations with
unit MIEm(r), but is in probable fault contact with unit OLEm and the Miocene rocks described above.
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The massive to thick-bedded sandstones in unit MIEm| were mostly deposited from sandy debris flows
in a bathyal open-marine environment (Lingley, 1995). Thin-bedded rocks within this sequence are
mostly interpreted as deep-marine interchannel and levee deposits.

MIEmI(c) - Pebble conglomerate (Miocene-Eocene)

Unit is present on the Forks Quadrangle.

Forks Quadrangle

Unit MIEmI(c) consists of well-rounded, ellipsoid to subspherical clast-supported pebble conglomerate
and conglomeratic sandstone, which are lithologically indistinguishable from unit Mmlc with available
data.

Unit MIEmI(c) varies in color from gray, olive gray, and greenish gray to very dark gray and commonly
contains dark greenish gray (GLEY4/1-GLEY3/1) altered volcanogenic clasts. Weathering colors are
generally medium to dark gray or dark greenish gray.

Unit MIEmI(c) includes parts of units Twoc and Thc of Tabor and Cady (1978a). These rocks are
included in Lithofacies Il of Lingley (1995).

Unit MIEmI(c) has conformable relations with coeval units MIEmIl and MIEm(r). The age of unit MIEml
(c) is poorly constrained by zircon fission-track minimum dates from adjacent, conformable units as
Middle Miocene to Middle Eocene. Rocks of MIEmI(c) are interpreted as channel facies deposited
from debris flows in a bathyal open-marine environment (Lingley, 1995).

MIEm(r) - Rhythmic thin- to medium-bedded sandstone and shale
(Miocene-Eocene)

Unit is present on the Copalis Beach, Forks, Mount Olympus and Shelton Quadrangles.

Copalis Beach Quadrangle

Laminated and (or) thin-bedded (1-20 cm [1-8 in.]), lithofeldspathic and feldspatholithic, micaceous
sandstone, siltstone, and slate; thin-bedded units commonly rhythmically bedded; phacoidal structures
common; occurs in the northeast corner of the map area.

Forks Quadrangle

Unit MIEm(r) consists of thin-bedded, very fine-grained sandstone, siltstone, and shale in the western
part of the quadrangle or slate in the eastern part (Tabor and Cady, 1978a). These rocks are similar to
those of unit MIm(r).

Although thin, discontinuous, relict beds and laminations of very fine-grained sandstone and siltstone
are present, most bedding has been stretched and rotated to the point where only phacoids remain.
Unit MIEm(r) varies in color from very dark gray to black and weathers mostly gray to brown.
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Unit MIEm(r) includes units Thsr, Twos, and Two of Tabor and Cady (1978a) where these occur south
of the Hoh River. It also includes their unit Thsr in the headwaters of the Snahapish and Clearwater
Rivers. These rocks are included in Lithofacies | and IV of Lingley (1995).

The age of unit MIEm(r) is mostly Early Miocene as determined by fossil assemblages (Tabor and
Cady, 1978a) and zircon fission-track minimum ages (Plate 1). However, a few Narizian and
Zemorrian foraminifera have been recovered (Tabor and Cady, 1978a; Lingley, 1995) and four Late
Eocene to Middle Oligocene fission-track minimum ages have been recorded. (See Plate 1). This
broad age range probably results from tectonic intercalation along unmapped thrust faults. Unit MIEm
(r) is interpreted as having conformable relations with coeval units MIEmI and MIEmI(c). Rocks of unit
MIEm(r) are interpreted as deep-marine facies similar to those of unit MIm(r) (Lingley, 1995; Rau,
1979; Stewart, 1970).

Mount Olympus Quadrangle

Lithofeldspathic and feldspatholithic micaceous sandstone with less-abundant siltstone and slate,
grading eastward to or tectonically intercalated with semischist with slate and phyllite; rare granule
conglomerate and thick-layered semischist; thicker sandstone and semischist contain platy shale or
slate clasts locally grading to platy-clast breccia; generally laminated and (or) thin-bedded (1-20 cm)
with common rhythmites; rarely thick-bedded (>60 cm); moderate to poor sorting; subangular where
not thoroughly recrystallized; mostly metamorphosed to zeolite facies; multiple cleavages and tectonic
lenses common; interbedded with thick sandstones yielding unreset Miocene to Eocene detrital zircon
fission-track ages in the western part of the quadrangle and possible unreset Miocene to Eocene
fission-track ages in the east-central part of the quadrangle (Brandon and Vance, 1992; R. J. Stewart,
Univ. of Wash., written commun., 1999); includes part of the Western Olympic and Grand Valley lithic
assemblages of Tabor and Cady (1978a).

Shelton Quadrangle

Laminated and (or) thin-bedded (1-8 in.), lithofeldspathic and feldspatholithic, micaceous sandstone,
siltstone, and slate; thin-bedded units commonly rhythmically bedded; phacoidal structures common..

MIEm(st) - Sandstone and semischist of West Olympic and Grand Valley lithic
assemblage (Miocene-Eocene)

Unit is present on the Mount Olympus and Shelton Quadrangles.

Mount Olympus Quadrangle

Thick sequences of feldspatholithic to lithofeldspathic micaceous sandstone or semischist; minor
granule and pebble conglomerate; medium to very coarse grained with siltstone or slate clasts grading
to platy siltstone- or slate-clast breccia; generally bedded thicker than 1 m; sequences separated by
thin-bedded (1-20 cm) sandstone, semischist, siltstone, slate, and (or) phyllite similar to unit MIEm(r);
laterally discontinuous; tectonic lenses common; mostly metamorphosed to zeolite facies; yields
unreset Miocene to Eocene detrital zircon fission-track ages in the western part of the quadrangle and
possible unreset Miocene to Eocene fission track ages in the eastcentral part of the quadrangle
(Brandon and Vance, 1992; R. J. Stewart, Univ. of Wash., written commun., 1999); includes part of the
Western Olympic and Grand Valley lithic assemblages of Tabor and Cady (1978a).

Shelton Quadrangle
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Thick-bedded (generally >3 ft) feldspatholithic to lithofeldspathic micaceous sandstones separated by
much thinner beds of laminated sandstone and siltstone; minor granule and pebble conglomerate.

MIEbx - Tectonic breccia (Miocene-Eocene)

Unit is present on the Forks, Mount Olympus and Shelton Quadrangles.

Forks Quadrangle

Unit MIEbx includes two basic lithologic associations: (1) mélanges injected along fault planes or as
piercement structures and (2) thick sequences of intensely sheared marine sedimentary rocks
associated with northeast-striking high-angle faults or northwest-striking thrust faults. Unit MIEbx also
includes those coastal areas where sea stacks of randomly varying lithology and metamorphic grade
lie in close proximity (and apparent disequilibrium) with each other.

The matrix of unit MIEbx mélanges consists of very dark clay and lesser amounts of sheared
admixtures of thin-bedded sandstone, siltstone, and shale similar to those of unit MIEm(r) and
volcanogenic rocks similar to unit Evb. The clay is silty and commonly petroliferous (Snavely and
Kvenvolden, 1989; Palmer and Lingley, 1989, Lingley and von der Dick, 1991). The clay has a
distinctive, penetrative, scaley cleavage that is parallel with the faults that bound these units or forms a
concentric pattern in map view (Orange, 1990). In the sheared sedimentary rocks, the cleavage is
oriented subparallel with the lithologic layering and wraps around sandstone phacoids. Sandstones
within unit MIEbx, which range from granules to boulders several tens of meters across, are
lithofeldspathic arenites similar to those of units Mml, MEml, and OLEm, but randomly oriented
bedding indicates that these are either exotic blocks or rotated phacoids. Volcanogenic rocks within
unit MIEbx are mostly chloritized volcaniclastic conglomerates or various basaltic lithologies. The
volcanogenic rocks are all exotic and range from granules to boulders. Larger volcanic outcrops are
mapped separately as unit Evb.

Structural relations within the mélanges indicate they were injected as diapiric muds along strike-slip or
thrust faults or as piercement structures (Rau and Grocock, 1974; Orange, 1990, 1991). Sheared
marine sedimentary rocks mapped as unit MIEbx are interpreted as unusually thick sections of fault
gouge.

The matrix of unit MIEbx mélanges is mostly lower Miocene, whereas the exotic blocks range from
Middle Eocene to Lower Miocene. The only Eocene faunas recovered from the Coastal sheet are from
unit MIEbx. Volcanic clasts recovered from unit MIEbx southeast of the Forks quadrangle had
chemistries representative of Crescent Formation basalts (Lingley and others, 1996), which also
suggests an Eocene age for part of unit MIEbx. Unit MIEbx is equivalent to unit Thm of Rau (1975,
1979) and Lingley and others (1996) and parts of unit Tom of Snavely and Kvenvolden (1989). Unit
MIEbx includes the Clearwater and Salmon River shear zones of Stewart (1970), the Duck Creek
diapir of Rau and Grocock (1974), and various mélange zones as mapped by Rau (1975, 1979) and
Snavely and Kvenvolden (1989).

Unit MIEbx is in fault contact with adjacent rocks, except in the sheared sedimentary rocks of the
Salmon River shear zone southeast of the Forks quadrangle where it grades upward into unit MIEm.

Mount Olympus Quadrangle
In the eastern part of the quadrangle near Mount Stone, consists of breccia of slate and phyllite with
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abundant small tectonic lenses of sheared sandstone, semischist, quartz veins, and ptygmatically
folded schist; in the western part of the quadrangle, consists of thick sequences of intensely sheared
marine sedimentary and minor basaltic volcanogenic rocks; volcanogenic rocks are tectonic blocks,
range from granules to boulders, and have abundant chlorite and epidote; interpreted as unusually
wide fault gouge zones; in the eastern part of the quadrangle, structural relations near Mount Stone
suggest that the eastern part of the unit is younger than middle Eocene; in the western part of the
guadrangle, unit is contiguous with rocks to the west containing foraminiferal assemblages referable to
the Narizian to Saucesian Stages (Rau, 1975, 1979).

Shelton Quadrangle

Lenses and angular blocks of sandstone, siltstone, shale, conglomerate, and volcanogenic rocks in a
matrix of either black shale with scaly cleavage or intensely sheared sandstone and siltstone; includes
diapiric muds, fault breccias, and submarine landslide deposits; includes part of the Hoh rock
assemblage (Rau, 1973).

MIEm(t) - Thick-bedded sandstone with thin-bedded sandstone and shale
(Miocene-Eocene)

Unit is present on the Shelton Quadrangle.

Shelton Quadrangle

No unit description for this unit. Mapped as MIEm(st) by Logan (2003) for the Shelton quadrangle
geologic map.

OLm(c) - Cape Alava coastal block, sandstone (Oligocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thick- to thin-bedded, coarse- to fine-grained, micaceous, lithofeldspathic sandstone with thin siltstone
interbeds and minor conglomerate. Sandstone beds are locally pebbly and contain angular siltstone
rip-up clasts. Thick cobble and pebble conglomerates, composed chiefly of clasts of sedimentary rock,
and pebbly sandstone and pebbly conglomerate that contain boulder-size siltstone rip-up clasts and
laminated concretions occur locally.

OLm(cc) - Cape Alava coastal block, conglomerate (Oligocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Basaltic (mudflow) conglomerate and basaltic sandstone with interbedded, thin-bedded, indurated
concretionary siltstone. Mudflow is composed of subangular to subrounded clasts of metabasalt and
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locally contains olistostromal blocks (as large as 10 m in diameter) of pillow basalt and breccia derived
from the Crescent Formation. Sparse foraminifera are assigned to the Zemorrian(?) Stage by W. W.
Rau (in Snavely and others, 1993).

OLEm(tr) - Twin River Group, undivided, lower and middle members
(Oligocene-Eocene)

No unit descriptions. Unit assigned to two geologic samples for paleontological age-date analysis. The
samples were collected in units PEgo and Em(2h) on the Port Angeles Quadrangle.

OLEm(m) - Twin River Group, Makah Formation (Oligocene-Eocene)

Unit is present on the Cape Flattery and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Thin-bedded sandstone and siltstone; commonly contains calcareous concretions; contains four
mappable members consisting of turbidite sandstone (units OLEm(mt), OLEm(mk), OLEm(md), and
OLEm(mb)) that range in thickness from 45 to 130 m and are interbedded with thin laminated to micro
cross-laminated beds of very fine grained sandstone and siltstone; also contains two other mapped
sandstone units (units OLm(mf) and OLEm(ms)), olistostromal blocks (unit OLEm(mj)), and thin,
siliceous water-laid tuff beds (Carpenters Creek Tuff Member - OLEvt(m)); contains Zemorrian,
Refugian, and upper Narizian foraminifera (W. W. Rau in Snavely and others, 1980). Locally divided
into OLm(mf), OLEm(mj), OLEm(mt), OLEm(mk), OLEm(md), OLEm(mb), and OLEvt(m).

Port Angeles Quadrangle

Massive to locally thin- and rhythmically bedded siltstone and mudstone and minor thin-bedded
sandstone; generally greenish gray to olive-brown, weathers to grayish orange and yellowish brown;
locally dark gray to black where carbonaceous; spherical calcareous concretions (often containing
fossil shells and plants) and nodules occur throughout. Sandstone is very fine to medium grained,
subquartzose, and feldspatholithic, and is most common in the eastern part of the map area.
Gradational with the underlying Hoko River Formation (unit Em(2h)) (Snavely and others, 1978).
Contains upper Narizian and Refugian foraminifera (Rau, 1964, 2000, 2002). (Description compiled
from Brown and others, 1960; Schasse and Logan, 1998.) Locally divided into OLEm(mc).

OLm(mf) - Twin River Group, Makah Formation, Falls Creek unit (Oligocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thick-bedded, lithic, feldspathic sandstone.
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OLEm(mj) - Twin River Group, Makah Formation, Jansen Creek Member
(Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Contemporaneously deformed basaltic to feldspathic sandstone and siltstone; locally encloses tabular
olistostromal blocks (1-200 m long) of shallow-marine fossiliferous basaltic pebble conglomerate and
sandstone; represents an ancient submarine slump deposit derived from the Vancouver Island (B.C.)
shelf

OLEm(mt) - Twin River Group, Makah Formation, Third Beach Member
(Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thick-bedded to very thick-bedded, concretionary, biotite-rich, feldspathic sandstone.

OLEm(mK) - Twin River Group, Makah Formation, Klachopis Point Member
(Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thick-bedded to very thick-bedded, micaceous feldspathic sandstone.

OLEm(mb) - Twin River Group, Makah Formation, Baada Point Member
(Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thin- to thick-bedded, fine- to medium-grained, concretionary, lithofeldspathic sandstone.
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OLEm(md) - Twin River Group, Makah Formation, Dtokoah Point Member
(Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thin- to medium bedded, lithofeldspathic, quartzose sandstone.

OLEm(mc) - Twin River Group, Makah Formation, conglomerate and
sandstone (Oligocene-Eocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Massive pebble—cobble conglomerate and granule sandstone cropping out at the base of unit OLEm
(m) 2 mi west of the Elwha River. Conglomerate is composed of pebbles and cobbles of varied
lithology (similar to the Lyre Formation, unit Em2(Ic)) in a matrix of coarse-grained to granule
sandstone. A sedimentary breccia composed almost entirely of angular volcanic debris is sporadically
exposed at the base of the conglomerate (Brown and others, 1960). Subquartzose, feldspatholithic,
medium- to thick-bedded, medium-grained to granule sandstone that grades to small-pebble
conglomerate crops out at the base of unit OLEm(m) on Bell Hill south of Sequim; rounded pebble
clasts consist of basaltic material eroded from the Crescent Formation (unit Ev(cf)). Contains marine
pelecypod and brachiopod macrofossils and oyster shell fragments (Schasse and Logan, 1998); also
contains Refugian foraminifera (Rau, 1998).

OLEvt(m) - Twin River Group, Makah Formation, Carpenters Creek Tuff
member (Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thin, siliceous water-laid tuff beds. Unit mapped as a geologic line feature.

OLEm(e) - Elk Lake block, siltstone (Oligocene-Eocene)

Unit is present on the Cape Flattery Shelton Quadrangle.

Cape Flattery Quadrangle

Nonbedded to well-bedded, concretionary, medium-gray siltstone with minor thin, fine-grained, lithic
guartzose sandstone interbeds; siltstone is locally laminated and contains bioturbated concretions;
contains several clastic dikes; contains Refugian and upper Narizian foraminifera according to W. W.
Rau (in Snavely and others, 1993).
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OLEv - Elwha lithic assemblage (Oligocene-Eocene)

Unit is present on the Mount Olympus Quadrangle.

Mount Olympus Quadrangle

Undifferentiated intermediate volcanic rocks including flows, breccia, and other volcaniclastic rocks;
interbedded with rocks of Oligocene to Eocene age (unit OLEm(r)); includes part of the Elwha lithic
assemblage of Tabor and Cady (1978a).

OLEm(Ic) - Lincoln Creek Formation (Oligocene-Eocene)

Unit is present on the Shelton Quadrangle.

Shelton Quadrangle

Marine sedimentary rocks of light-gray tuffaceous siltstone and fine-grained tuffaceous sandstone;
outcrops commonly have hackly joint structure; indistinctly bedded to massive, commonly
concretionary; lower strata contain discontinuous beds of basaltic and glauconitic sandstone;
deposited in an offshore marine environment; contains foraminiferal faunas referable to the Refugian
and Zemorrian Stages (Rau, 1966, 1967); consists of the Lincoln Creek Formation.

OLEm(ms) - Marrowstone Shale of Durham (1944) (Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Very thin- to thick-bedded, light-gray sandstone; generally occurs as lenses that locally grade down

into interbedded sandstone and siltstone; lenses locally consist of sandstone and siltstone in nearly

equal proportions (Gower, 1960). Unit described by Schasse (2003) in the Cape Flattery quadrangle
as the unnamed sandstone of the Makah Formation.

OLEmM(r) - Marine rhythmites and other thin-bedded sedimentary rocks
(Oligocene-Eocene)

Unit is present on the Cape Flattery, Mount Olympus and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Undifferentiated slate and siltstone (90%) and micaceous sandstone (10%); includes minor
conglomerate and interbedded basalt flows, breccia, and diabase and (or) gabbro (unit OLEvb);
includes part of the Needles—Gray Wolf lithic assemblage of Tabor and Cady (1978). Detrital zircon
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fission-track minimum ages range from about 27 to 39 Ma (R. J. Stewart, Univ. of Wash., written
commun., 1999).

Mount Olympus Quadrangle

In the central Olympic Mountains, consists of semischist, slate, and phyllite; along the Elwha River and
south to Mount Duckabush (T25N R5W), contains thick monotonous sections of massive black slate;
north of the Sol Duc River, consists of argillite; on the margins of the Olympic Mountains, consists of
laminated and (or) thin-bedded (1-20 cm), lithofeldspathic and feldspatholithic, micaceous sandstone,
siltstone, slate, and argillite; rare thick-bedded sandstone, granule conglomerate, and thick-layered
(>60 cm) semischist, all containing platy slate clasts grading to platy-clast breccia; metamorphosed to
zeolite facies; tectonic lenses common; in the western part of the quadrangle, contiguous with rocks to
the west containing foraminiferal assemblages referable to the Narizian to Zemorrian Stages (Rau,
1979) and yielding zircon fission-track ages ranging from Eocene to Oligocene (Brandon and Vance,
1992; R. J. Stewart, Univ. of Wash., written commun., 1999); in the eastern part of the quadrangle,
contains megafossil assemblages referable to the Tejon Stage (Squires and Geodert, 1997); includes
part of the Western Olympic, Elwha, and Needles—Gray Wolf lithic assemblages of Tabor and Cady
(1978a).

Port Angeles Quadrangle

Laminated and (or) thin-bedded (0.5-8 in.), lithofeldspathic and feldspatholithic, micaceous sandstone,
siltstone, slate, and argillite; rare thick-bedded sandstone, granule conglomerate, and thick-layered
(>24 in.) semischist, all containing platy slate clasts grading to platy-clast breccia; metamorphosed to
zeolite facies; argillite locally contains black coarse-grained limestone lenses and concretions; slate
locally occurs with phyllite; tectonic lenses are common. Contiguous with rocks yielding detrital zircon
fission-track minimum ages ranging from Oligocene to Eocene (Brandon and Vance, 1992; R. J.
Stewart, Univ. of Wash., written commun., 1999). In the Mount Olympus 1:100,000-scale quadrangle
to the south (Gerstel and Lingley, 2003), contains megafossil assemblages referable to the Tejon
Stage (Squires and Geodert, 1997). Consists of part of the Needles—Gray Wolf, Western Olympic, and
Elwha lithic assemblages of Tabor and Cady (1978).

OLEvb - Terrane S. of the Cresent Fault and N. of the Calawah Fault, basaltic
rocks (Oligocene-Eocene)

Unit is present on the Cape Flattery, Mount Olympus, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Pillow basalt and basalt flow breccia and less-abundant massive lava flows; mostly fine grained;
amygdaloidal with vesicles filled with calcite, zeolites, pumpellyite, and quartz; minor diabase and (or)
gabbroic sills or dikes; interbedded tuffs and volcanic-rich sediments include rare gray, red, and green
chert and tuffaceous green or maroon slate; includes part of the Needles—Gray Wolf lithic assemblage
of Tabor and Cady (1978).

Mount Olympus Quadrangle

Dark green-gray basalt, basaltic tuffs, basalt breccia, basaltic sandstone, and greenstone with rare
pillow or amygdaloidal basalt; includes rare gabbro, diabase, greenstone, and interbedded gray or
brick-red limestone; metamorphosed to zeolite facies; similar to parts of units Evb and MIEbx;
interbedded with rocks containing foraminiferal assemblages referable to the Ulatisian Stage at Mount
Claywood (T27N R5W) (W. W. Rau, Wash. Division of Geology and Earth Resources, oral commun.,
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1999; Tabor and Cady, 1978a) and interbedded with rocks of Oligocene to Eocene age elsewhere
(units OLEm and OLEm(r)); includes part of the Needles—Gray Wolf and Elwha lithic assemblages of
Tabor and Cady (1978a).

Port Angeles Quadrangle

Basalt, greenstone, and greenschist; includes argillite and limestone; interbedded with Oligocene to
Eocene rocks (unit OLEm). (Description compiled from Tabor and Cady, 1978.)

Shelton Quadrangle

Undifferentiated dark greenish gray basaltic rocks within the Olympic core; includes basaltic breccia
with minor massive basalt, pillow basalt, and tuff; may be altered to greenstone; may include red or
green argillite; assigned an Oligocene to Eocene age because these rocks are interbedded with unit
OLEm.

OLEm(oc) - Ozette Lake-Calawah Ridge block, conglomerate
(Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Interbedded mudflow conglomerate, lithic sandstone, and siltstone; consists in part of channel-fill
deposits. Conglomerate clasts (2-60 cm in diameter) consist of subangular to angular broken pillow
lava, amygdaloidal basalt and basalt breccia, and concretionary siltstone and sandstone; contains
pebbly, gritty sandstone interbeds with abundant siltstone rip-up clasts and carbonaceous debris.
Contains a few beds of gray feldspathic sandstone with abundant reddish brown siltstone clasts and
thin-bedded, reddish-brown, iron-rich siltstone. Foraminifera in siltstone are assigned to the Refugian
or upper Narizian Stages by W. W. Rau (in Snavely and others, 1993); includes part of the Western
Olympic lithic assemblage of Tabor and Cady (1978).

OLEmM(o) - Ozette Lake-Calawah Ridge block, marine sedimentary rocks
(Oligocene-Eocene)

Unit is present on the Cape Flattery and Forks Quadrangles.

Cape Flattery Quadrangle

Medium- to very thick-bedded, light- to olive-gray, micaceous, quartzose, feldspathic and
feldspatholithic sandstone; minor interbedded thin-bedded, fine-grained turbidite sandstone and
siltstone; locally calcareous and carbonaceous with a few thin lenticular coal seams; contains thin
laminae to thick interbeds of medium- to dark-gray siltstone; siltstone-chip sedimentary conglomerate,
pebble conglomerate, and mudstone debris flows are present locally; interbeds of phyllitic or basaltic
sandstone occur locally. Rocks exposed in the southeastern corner of the Cape Flattery 1:100,000-
scale quadrangle, east of the fault that forms the Sol Duc River valley, are contiguous with rocks
designated as unit OLEm by Gerstel and Lingley (2000) in the adjacent Forks 1:100,000-scale
guadrangle. | have continued their symbology for corresponding rocks in the Cape Flattery 1:100,000-
scale quadrangle. The ages of units OLEm(o) and OLEm are moderately constrained by Narizian
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foraminifera (Tabor and Cady, 1978; Snavely and others, 1993) and early Eocene to late Oligocene
detrital zircon fission-track minimum ages ranging from 24.3 to 54.6 Ma (R. J. Stewart, Univ. of Wash.,
written commun., 1999). Includes part of the Western Olympic lithic assemblage of Tabor and Cady
(1978).

Forks Quadrangle

Units OLEm and OLEm(0) consist of sandstone, both thick- and thin-bedded, and thinly bedded
siltstone, shale, and slate with traces of coal. Locally these include granule conglomerates. These
units contain rocks whose lithologies and sedimentary structures are similar to those of units MIm(r),
Miml, MIEml, and MIEm(r), but the rocks of units OLEm and OLEm(0) have not been mapped with
sufficient detail in the Forks quadrangle to subdivide at 1:100,000 scale.

Outcrops in the northwestern corner of the Forks 1:100,000 quadrangle are contiguous with rocks
included in the Lake Ozette—Calawah Ridge block of Snavely and others (1993). Schasse (in progress)
designated these rocks as unit OLEm(o) on the Cape Flattery 1:100,000 quadrangle. Tabor and Cady
(1978a) mapped these rocks together with undifferentiated strata farther east as part of their Western
Olympic lithic assemblage. Therefore, we map these strata as unit OLEm(0) west of the fault that
forms the Sol Duc River valley (Snavely and others, 1993) and as unit OLEm farther east.

The ages of units OLEm and OLEm(0) are moderately constrained by several Narizian foraminiferal
assemblages (Tabor and Cady, 1978a; Snavely and others, 1993) and numerous Early Eocene to Late
Oligocene zircon fission-track minimum ages (Plate 1). Units OLEm and OLEm(0) are inferred to be in
fault contact with MIEm(r) and MIEmI along the upper Hoh River. Rocks of units OLEm and OLEm(o)
are interpreted as deep-marine deposits (Snavely and others, 1993).

OLEm - Ozette Lake-Calawah Ridge block, marine sedimentary rocks
(Oligocene-Eocene)

Unit is present on the Cape Flattery, Forks, Mount Olympus, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Medium- to very thick-bedded, light- to olive-gray, micaceous, quartzose, feldspathic and
feldspatholithic sandstone; minor interbedded thin-bedded, fine-grained turbidite sandstone and
siltstone; locally calcareous and carbonaceous with a few thin lenticular coal seams; contains thin
laminae to thick interbeds of medium- to dark-gray siltstone; siltstone-chip sedimentary conglomerate,
pebble conglomerate, and mudstone debris flows are present locally; interbeds of phyllitic or basaltic
sandstone occur locally. Rocks exposed in the southeastern corner of the Cape Flattery 1:100,000-
scale quadrangle, east of the fault that forms the Sol Duc River valley, are contiguous with rocks
designated as unit OLEm by Gerstel and Lingley (2000) in the adjacent Forks 1:100,000-scale
guadrangle. | have continued their symbology for corresponding rocks in the Cape Flattery 1:100,000-
scale quadrangle. The ages of units OLEm(o) and OLEm are moderately constrained by Narizian
foraminifera (Tabor and Cady, 1978; Snavely and others, 1993) and early Eocene to late Oligocene
detrital zircon fission-track minimum ages ranging from 24.3 to 54.6 Ma (R. J. Stewart, Univ. of Wash.,
written commun., 1999). Includes part of the Western Olympic lithic assemblage of Tabor and Cady
(1978).

Forks Quadrangle
Units OLEm and OLEm(0) consist of sandstone, both thick- and thin-bedded, and thinly bedded
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siltstone, shale, and slate with traces of coal. Locally these include granule conglomerates. These
units contain rocks whose lithologies and sedimentary structures are similar to those of units MIm(r),
Miml, MIEmlI, and MIEm(r), but the rocks of units OLEm and OLEm(0) have not been mapped with
sufficient detail in the Forks quadrangle to subdivide at 1:100,000 scale.

Outcrops in the northwestern corner of the Forks 1:100,000 quadrangle are contiguous with rocks
included in the Lake Ozette—Calawah Ridge block of Snavely and others (1993). Schasse (in progress)
designated these rocks as unit OLEm(o) on the Cape Flattery 1:100,000 quadrangle. Tabor and Cady
(1978a) mapped these rocks together with undifferentiated strata farther east as part of their Western
Olympic lithic assemblage. Therefore, we map these strata as unit OLEm(0) west of the fault that
forms the Sol Duc River valley (Snavely and others, 1993) and as unit OLEm farther east.

The ages of units OLEm and OLEm(0) are moderately constrained by several Narizian foraminiferal
assemblages (Tabor and Cady, 1978a; Snavely and others, 1993) and numerous Early Eocene to Late
Oligocene zircon fission-track minimum ages (Plate 1). Units OLEm and OLEm(0) are inferred to be in
fault contact with MIEm(r) and MIEmI along the upper Hoh River. Rocks of units OLEm and OLEm(o)
are interpreted as deep-marine deposits (Shavely and others, 1993).

Mount Olympus Quadrangle

Semischist and phyllite with minor finely crystalline schist in the central Olympic Mountains; grades
radially away to sandstone, siltstone, and slate; mostly recrystallized, but includes fine- to very coarse-
grained, moderately to poorly sorted, subangular, lithofeldspathic and feldspatholithic sandstone; minor
granule conglomerate; common muscovite and epidote; intensely sheared with multiple penetrative
cleavages in the central Olympic Mountains; contains sequences of laminated and (or) thin-bedded (1-
20 cm) units and thick-bedded (>60 cm) units; thicker sandstone and semischist contain abundant
platy slate clasts grading to platy-clast breccia; thin-bedded units commonly rhythmic where bedding is
preserved; metamorphosed to zeolite facies; tectonic lenses common; in the western part of the
guadrangle, contiguous with rocks to the west containing foraminiferal assemblages referable to the
Narizian to Zemorrian Stages (Rau, 1979) and yielding zircon fission-track ages ranging from Eocene
to Oligocene; yields unreset Oligocene to Eocene detrital zircon fission-track ages (Brandon and
Vance, 1992; R. J. Stewart, Univ. of Wash., written commun., 1999; Gerstel and Lingley, 2000);
includes part of the Western Olympic, Elwha, and Needles—Gray Wolf lithic assemblages of Tabor and
Cady (1978a).

Port Angeles Quadrangle

Sandstone and minor granule conglomerate with generally less than 40 percent siltstone and argillite;
sandstone and siltstone are feldspatholithic and lithofeldspathic, bluish gray to black weathering to
brown, medium to very thick bedded, angular, poorly sorted, commonly micaceous, and locally
calcareous; commonly contains graded beds with quartz and chert granule conglomerates, sole
structures, and cross-bedding; sedimentary breccias, thin coaly laminae, and carbonaceous debris are
common; argillite is gray to black, commonly with fine-grained sandstone in rhythmic sequences;
commonly sheared in the vicinity of the Calawah fault. Contiguous with rocks to the west yielding
detrital zircon fission-track minimum ages ranging from Oligocene to Eocene (R. J. Stewart, Univ. of
Wash., written commun., 1999). Consists of part of the Western Olympic lithic assemblage of Tabor
and Cady (1978).

Shelton Quadrangle

Sandstone, siltstone, and slate; sandstone is fine- to very coarse-grained, moderately to poorly sorted,
subangular, and lithofeldspathic or feldspatholithic; minor granule conglomerate; contains detrital mica;
locally sheared,; platy slate clasts locally abundant; probably contiguous with rocks to the northeast in
the Olympic core (Tabor and Cady, 1978) that yielded unreset zircon fission-track ages of 32 and 48
Ma (Brandon and Vance, 1992).
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OLEm(p) - Portage Head/Point of Arches block, marine sedimentary rocks
(Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thick- to thin-bedded, lightgray, lithic quartzose turbidite sandstone with minor siltstone interbeds;
basal part is thin-bedded sandstone and siltstone; sandstone is fine to medium grained, commonly
laminated and locally bioturbated, and cemented with calcite; siltstone interbeds contain foraminifera
assigned to the Refugian and upper Narizian Stages by W. W. Rau (in Snavely and others, 1993).

OLEm(st) - Snag Peak block, siltstone unit (Oligocene-Eocene?)

Unit is present on the Cape Flattery and Mount Olympus Quadrangles.

Cape Flattery Quadrangle

Thin-bedded siltstone with very fine-grained quartzofeldspathic sandstone interbeds; contains a few
gritty phyllitic sandstone interbeds as much as 0.5 m thick.

Mount Olympus Quadrangle

Thick sequences of feldspatholithic to lithofeldspathic semischist and micaceous sandstone; common
phyllite and granule conglomerate; medium to very coarse grained; contains common slate clasts
grading to breccia; generally bedded thicker than 1 m; sequences separated by medium- to thin-
bedded semischist, sandstone, siltstone, or slate; laterally discontinuous; metamorphosed to zeolite
facies with local Al-pumpellyite; contiguous with rocks to the west containing foraminiferal
assemblages referable to the Narizian to Zemorrian Stages (Rau, 1979; Gerstel and Lingley, 2000)
and yielding Eocene to Oligocene zircon fission-track ages (Brandon and Vance, 1992; R. J. Stewart,
Univ. of Wash., written commun., 1999); includes part of the Western Olympic, Elwha, and Needles—
Gray Wolf lithic assemblages of Tabor and Cady (1978a).

OLEm(sm) - Snag Peak block, sandstone unit ‘'m' (Oligocene-Eocene?)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thick-bedded (2—30 m), gritty, medium-grained, lithic sandstone with 5 to 10 m thick interbeds of thin-
bedded siltstone, fine-grained sandstone, and conglomerate channel (mudflow) deposits; pebble- to
boulder-size clasts in conglomerate consist of argillite, amygdaloidal basalt, dacite, bioturbated
calcareous concretionary conglomerate, red and black chert, quartz diorite, silicified sandstone, rare
silicified tuff, and mollusks; may in part be correlative to thick-bedded sandstone sequence in upper
part of unit OLEm(sp).
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OLEm(sp) - Snag Peak block, sandstone and siltstone unit 'p’
(Oligocene-Eocene?)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Very thick-bedded to medium-bedded, gritty, medium-grained, lithic sandstone with 50 to 100 m thick
siltstone interbeds; sandstone is locally pebbly and contains siltstone rip-up clasts; contains several
mudflow-breccia channel deposits; scattered large meta-tuff clasts occur in sandstone; siltstone in
places is laminated and contains 10 to 30 mm thick sandstone interbeds; zones of laumontite as much
as 6 m thick cross-cut sandstone beds.

OLEm(ss) - Snag Peak block, siltstone and sandstone unit
(Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin- to medium-bedded siltstone and graded fine-grained sandstone; siltstone contains disc-shaped
calcareous concretions 10 to 50 cm in diameter; contains minor thick interbeds (up to 3 m) of lithic,
feldspathic, fine-grained sandstone. Siltstone is intensely sheared and drag-folded near major faults.
Sparse foraminifera are assigned to the Refugian(?) Stage by W. W. Rau (in Snavely and others,
1993).

OLEm(w) - Washburn Hill block, turbidite sandstone unit (Oligocene-Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Light-gray, thick- to medium-bedded, quartzose sandstone and thin-bedded, fine-grained sandstone
and siltstone interbeds; sedimentary features include casts of borings, parallel laminations, and micro
cross-laminations; contains a single 1 m thick bed of phyllite-rich sandstone; correlates with unit OLEm

(P).

OLEm(stc) - Western Olympic lithic assemblage (Oligocene-Eocene)

Unit is present on the Mount Olympus and Port Angeles Quadrangles.

Mount Olympus Quadrangle

Micaceous, feldspatholithic to lithofeldspathic conglomerate; medium to very coarse grained; generally
massive or thick bedded (>1 m); laterally discontinuous; sheared; common sandstone,
metasedimentary, metavolcanic, chert, and conglomerate clasts; metamorphosed to zeolite facies;
interbedded with Eocene to Oligocene rocks (units OLEm and OLEm(r)); includes part of the Western
Olympic and Elwha lithic assemblages of Tabor and Cady (1978a).
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Port Angeles Quadrangle

Generally very thick-bedded marine pebble conglomerate; contains well-rounded pebbles (equal to or
less than 2 in.) of chert, quartzite, volcanic rocks, limestone, and sandstone; metamorphosed to zeolite
facies; interbedded with Oligocene to Eocene marine rocks (unit OLEm); consists of part of the
Western Olympic lithic assemblage of Tabor and Cady (1978).

Em(2ec) - Elk Lake block, conglomerate and sandstone (upper Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thick- to thin-bedded, gritty, fine-grained, quartzose and phyllitic sandstone and minor thin-bedded
siltstone; contains pebbly sandstone and 1 to 2 m thick conglomerate beds with clasts of chert, phyillite,
schist, and vein quartz; chert pebbles contain radiolarians indicative of a Late Triassic (Carnian) age
(David Jones, in Snavely and others, 1993); probably correlative with unit Em(sc); includes several
isolated blocks or klippen south of the Elk Lake block in the Ozette terrane.

Em(2es) - Elk Lake block, sheared siltstone and sandstone (upper Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin, graded beds of siltstone and fine-grained sandstone with thick- to medium-bedded, gritty,
medium-grained, phyllitic sandstone in upper part of sequence; siltstone contains thin lenticular
concretionary beds; sparse foraminifera are assigned to the Narizian Stage by W. W. Rau (in Snavely
and others, 1993).

Em(2h) - Lower Twin River Group, Hoko River Formation (upper Eocene)

Unit is present on the Cape Flattery and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Siltstone and sandy siltstone with lenses of pebble—cobble conglomerate; also contains iron-stained
concretionary siltstone and sandy siltstone with minor thin-bedded, quartzofeldspathic, very fine-
grained to medium-grained sandstone beds; pebbly mudstone, mudflow breccia, sandstone dikes, and
thin tuff beds occur locally. Contains upper Narizian foraminifera (W. W. Rau in Snavely and others,
1980). Locally divided into Em(2hs), Em(2hb), and Em(2hc)

Port Angeles Quadrangle

Sandstone and siltstone with pebble—cobble conglomerate lenses; consists of equal amounts of
sandstone and siltstone that intergrade laterally and vertically; beds of pebble—cobble conglomerate
occur locally near the base. Sandstone is lithofeldspathic, well bedded, thin to medium bedded and
locally very thick bedded, fine to medium grained and locally very coarse grained to granular, and gray
to olive-gray; siltstone is well bedded, well indurated, locally cemented with calcium carbonate, and
contains thin beds and laminae of very fine-grained sandstone; calcareous concretions occur locally.
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Rests conformably on the underlying Lyre Formation (units Em(2Ic) and Em(2Is)). Contains upper
Narizian foraminifera (W. W. Rau in Snavely and others, 1980; Schasse and Wegmann, 2000).
(Descriptions compiled from Brown and others, 1960; Schasse and Wegmann, 2000.)

Em(2hs) - Lower Twin River Group, Hoko River Formation, turbidite
sandstone (upper Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thick- to thin-bedded, lithofeldspathic sandstone.

Em(2hb) - Lower Twin River Group, Hoko River Formation, phyllite and
basaltic sandstone (upper Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thick- to thin-bedded, carbonaceous, calcite-cemented phyllitic and basaltic sandstone.

Em(2hc) - Lower Twin River Group, Hoko River Formation, cobble and
boulder channel deposits (upper Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Channel deposits with clasts consisting of cobbles and boulders of basalt, phyllite, meta-igneous
rocks, and pebble conglomerate; clasts are angular to rounded and are as much as 4.5 m in diameter.

Em(2lc) - Lyre Formation, conglomerate member (upper Eocene)

Unit is present on the Cape Flattery and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Conglomerate and sandstone; subdivided into lenticular or channel deposits of thin to very thick-
bedded, well-rounded pebble to boulder conglomerate and pebbly sandstone (unit Em(2Ic)) composed
of clasts of dark-gray to black argillite, quartzite, chert, metavolcanic rocks, gneiss, quartz, and minor
basalt. Conglomerate unit overlies and is interbedded with thick-bedded, well-indurated, lithic, phyllitic,
guartzose sandstone and minor thin-bedded sandstone and siltstone (unit Em(2ls)); large siltstone rip-
ups and pebbly mudstone are common near lower contact. Foraminifera are assigned to the upper
Narizian Stage by W. W. Rau (in Snavely, 1983).
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Port Angeles Quadrangle

Conglomerate and sandstone (unit Em(2Ic)) overlying and interbedded with sandstone and minor thin-
bedded sandstone and siltstone (unit Em(2Is)). Conglomerate is subdivided into lenticular or channel
deposits of thin- to very thick-bedded, well-rounded pebble to boulder conglomerate and pebbly
sandstone; clasts are dark gray to black argillite, quartzite, chert, metavolcanic rocks, gneiss, quartz,
and minor basalt; also contains lenses of fine-grained to granule sandstone. Sandstone is light olive-
gray, thick bedded, well indurated, lithic, phyllitic, and quartzose; large siltstone rip-ups and pebbly
mudstone are common near lower contact. Rests conformably upon and interfingers with the upper
part of the Aldwell Formation (unit Em(2a)). Contains foraminifera assigned to the upper Narizian
Stage by W. W. Rau (in Snavely, 1983).

Em(2ls) - Lyre Formation, sandstone member (upper Eocene)

Unit is present on the Cape Flattery and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Conglomerate and sandstone; subdivided into lenticular or channel deposits of thin to very thick-
bedded, well-rounded pebble to boulder conglomerate and pebbly sandstone (unit Em(2Ic)) composed
of clasts of dark-gray to black argillite, quartzite, chert, metavolcanic rocks, gneiss, quartz, and minor
basalt. Conglomerate unit overlies and is interbedded with thick-bedded, well-indurated, lithic, phyllitic,
guartzose sandstone and minor thin-bedded sandstone and siltstone (unit Em(2Is)); large siltstone rip-
ups and pebbly mudstone are common near lower contact. Foraminifera are assigned to the upper
Narizian Stage by W. W. Rau (in Snavely, 1983).

Port Angeles Quadrangle

Conglomerate and sandstone (unit Em(2Ic)) overlying and interbedded with sandstone and minor thin-
bedded sandstone and siltstone (unit Em(2Is)). Conglomerate is subdivided into lenticular or channel
deposits of thin- to very thick-bedded, well-rounded pebble to boulder conglomerate and pebbly
sandstone; clasts are dark gray to black argillite, quartzite, chert, metavolcanic rocks, gneiss, quartz,
and minor basalt; also contains lenses of fine-grained to granule sandstone. Sandstone is light olive-
gray, thick bedded, well indurated, lithic, phyllitic, and quartzose; large siltstone rip-ups and pebbly
mudstone are common near lower contact. Rests conformably upon and interfingers with the upper
part of the Aldwell Formation (unit Em(2a)). Contains foraminifera assigned to the upper Narizian
Stage by W. W. Rau (in Snavely, 1983).

Em(2Ib) - Lyre Formation, breccia and conglomerate of Cape Flattery (upper
Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Nonbedded to poorly bedded sedimentary breccia; includes graded thick-bedded, lithic, quartzose
sandstone, which is commonly cross-bedded and channeled, and minor siltstone interbeds;
provenance of clasts is from near Leech River and San Juan fault zones on Vancouver Island, B.C.
(MacLeod and others, 1977; Ansfield, 1972).
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Em(2p) - Portage Head/Point of Arches block, conglomerate (upper Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Poorly sorted and bedded, subangular to rounded pebble to boulder conglomerate interbedded with
gritty, coarse-grained, lithic pebbly sandstone; south of Portage Head, conglomerate consists of
angular to rounded clasts of limestone (up to 2 m long), phyllite, diorite, and metavolcanic rocks and
grades upward into thin-bedded sandstone and siltstone; correlates with unit Em(2lb) northeast of the
Crescent thrust fault; on the north and south sides of Point of the Arches, conglomerate consists
chiefly of clasts derived from and deposited marginally to pre-Tertiary rocks of the olistostromal block
that makes up the point; south of Portage Head, contains 20 m thick interbed of foraminifer-bearing
concretionary siltstone assigned to the upper Narizian Stage by W. W. Rau (in Snavely and others,
1993).

Em(2wc) - Washburn Hill block, sandstone and conglomerate unit (upper to
middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thick- to medium-bedded, gritty, medium-grained, carbonaceous, phyllite-rich sandstone, cobble and
pebble conglomerate, and pebbly mudstone; conglomerate is composed of clasts of metamorphosed
felsic volcanic rocks, diorite, and siltstone; sandstone is flaggy locally and contains trace fossils along
bedding planes; probably equivalent to unit Em(2p).

Em(2a) - Aldwell Formation (upper to middle Eocene)

Unit is present on the Cape Flattery, Mount Olympus and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Thin, well-bedded, phyllitic, lithic quartzose and basaltic sandstone and siltstone; upper part of
sequence consists of nonbedded to poorly bedded siltstone with 1 to 1.5 m thick sandstone channels;
a 4 m thick, medium-grained, lithic quartzose sandstone bed occurs locally near base of unit.
Foraminifera are assigned to the upper and lower Narizian Stage by Rau (1964, 1981; and in Snavely,
1983). Locally divided into siltstone (Em(2as))

Mount Olympus Quadrangle

Olive-gray to black siltstone and greenish gray lithofeldspathic sandstone, siltstone, and sandy
siltstone; thin to medium bedded and interbedded with thin- to medium-bedded, fine- to very fine-
grained feldspatholithic sandstone; siltstone commonly contains thin sandy laminations; local thin to
medium beds of fine-grained limestone or limey, very fine-grained sandstone; limey beds are light tan
on weathered surfaces; locally interfingers with volcanic rocks of the Crescent Formation; contains
foraminifera of middle to late Eocene age (Brown and others, 1960); consists of the Aldwell Formation.

Port Angeles Quadrangle
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Thin- to medium-bedded, well-indurated marine siltstone and sandy siltstone with sparse interbeds of
fine- to very fine-grained feldspatholithic sandstone. Siltstone contains thin sandy laminations and local
thin to medium beds of fine-grained limestone or limy very fine-grained sandstone. Siltstone is olive-
gray to gray and black; sandstone is greenish gray and weathers to brown and olive-gray; limy beds
are distinguished by their tan weathered surfaces. Massive lenses of unsorted pebbles, cobbles, and
boulders of basalt occur sporadically throughout the siltstone; pillow lava, lenses of basalt breccia, and
water-laid lapilli tuff (similar to units Evc(p) and Evc(f) of the underlying Crescent Formation) occur
locally near the base. Characterized by lower Narizian foraminifera, indicating a middle Eocene age
(Armentrout and others, 1983; Rau, 1964). Rau (2000) identified foraminifera representative of the
lower Narizian and Ulatisian Stages. Locally divided into basalt flows (Evb(a))

Evb(a) - Aldwell Formation, basalt flows (upper to middle Eocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Pillow basalt, breccia, and tuff similar to the Crescent Formation (unit Evc(p)); consists of mappable
tongues up to 350 ft thick and occurring up to 1000 ft above the base of unit Em(2a) (Brown and
others, 1960).

Em(2as) - Aldwell Formation, siltstone (upper to middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Massive to poorly bedded siltstone with 1 to 1.5 m thick sandstone channels.

Em(ec) - Elk Lake block, sandstone and conglomerate (upper to middle
Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thick- to thin-bedded, gritty, fine-grained, quartzose and phyllitic sandstone and minor thin-bedded
siltstone; contains pebbly sandstone and 1 to 2 m thick conglomerate beds with clasts of chert, phyillite,
schist, and vein quartz; chert pebbles contain radiolarians indicative of a Late Triassic (Carnian) age
(David Jones, in Snavely and others, 1993); probably correlative with unit Em(sc); includes several
isolated blocks or klippen south of the Elk Lake block in the Ozette terrane.

Em(2c) - Well-rounded pebble conglomerates (upper to middle Eocene)

Unit is present on the Mount Olympus Quadrangle.
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Mount Olympus Quadrangle

Pebble to cobble conglomerate; clasts mostly argillite, quartzite, chert, metavolcanic rock, and
metasandstone; thick bedded (>60 cm) to massive; matrix contains phyllite; contains foraminiferal
assemblages referable to the Narizian Stage (Ansfield, 1972); consists of the Lyre Formation.

Em(2b) - Sandstone of Bahobohosh (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin- to thick-bedded, graded, lithic, feldspathic sandstone and lithic quartzose sandstone with lenses
of pebble and cobble conglomerate and mudflow breccia; sandstone is laminated to cross-stratified,;
conglomerate clasts commonly are volcanic-lithic sandstone but also include reworked calcareous
concretions, diabase, basalt, felsic volcanic rocks, micaceous feldspathic sandstone, chert, phyllite,
and fragments of wood and mollusks. Sparse foraminifera are assigned to the Narizian Stage by W.
W. Rau (in Snavely and others, 1993).

Em(2wp) - Siltstone of Waatch Point (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Laminated and micro cross stratified, very thin-bedded to thin-bedded siltstone and sandstone with
small scale slump folds and flame and load casts. Siltstone is locally bioturbated; includes mudflow
lens up to 3 m thick of altered blocks of pillow lava and basalt-breccia and argillite; common
calcareous nodules and concretionary lenses. Contains sparse Narizian foraminifera identified by W.
W. Rau (in Snavely and others, 1993).

Em(2wq) - Siltstone and sandstone of Waatch quarry (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin-bedded siltstone with irregular interbeds of fine-grained gritty sandstone; mudflow conglomerate
and breccia and pebbly mudstone occur near the base of the unit; conglomerate contains clasts
derived from underlying Hobuck Lake unit (unit Evs(h)); channel deposits of coarse- to medium-
grained lithic and quartzofeldspathic sandstone up to 7 m thick and lenses of well-sorted, fine-grained
basaltic sandstone up to 3 m thick occur near base of the sequence. Foraminifera are assigned to the
lower part of the Narizian Stage by W. W. Rau (in Snavely and others, 1993). Unit probably represents
a facies of the Aldwell Formation (unit Em(2a)).
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Ebx(e) - Elk Lake block, melange unit (middle? Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Intensely sheared siltstone with broken or polished blocks 0.5 to 2.5 m in diameter of phyllitic
sandstone (unit Em(ec)) and micaceous feldspathic sandstone (unit OLEm(0)), and a few siltstone and
red argillite clasts; may represent diapiric uplift of tectonic mélange along the Ozette thrust; correlative
with unit Ebx(0).

Em(1b) - Siltstone and sandstone of Bear Creek (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Medium- to thin-bedded concretionary siltstone and fine-grained sandstone; well indurated near the
Crescent fault. Siltstone beds are intensely sheared and folded and contain olistostromal blocks of
Crescent Formation basalt below the Crescent fault. Sparse foraminifera from siltstone beds are
assigned to the lower Narizian or upper Ulatisian Stages by W. W. Rau (in Snavely and others, 1993).
Locally divided into Em(1bc) and Em(1bs).

Em(1bc) - Conglomerate and mudflow deposits of Bear Creek (middle
Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Blocks of mollusk-bearing sandstone, red argillite, siltstone, and green and red chert pebbles;
mollusks are assigned an early-late to late-middle Eocene age by W. O. Addicott (in Snavely and
others, 1993). Foraminifera in mudflow deposits, considered to be reworked from the Crescent
Formation, are assigned to the lower Eocene Penutian Stage by W. W. Rau (in Snavely and others,
1993)

Em(1bs) - Sandstone of Bear Creek, carbonaceous, lithofeldspathic,
concretion (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Thick- to medium-bedded, carbonaceous, lithofeldspathic, concretionary sandstone.
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Em(1bn) - Siltstone of Brownes Creek (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Massive to poorly bedded concretionary siltstone and mudstone with a few thin sandstone beds;
commonly sheared; contains lower Narizian and upper Ulatisian foraminifera (W. W. Rau in Snavely,
1983).

Em(pc) - Petroleum Creek block, marine sedimentary rocks (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin-bedded to laminated siltstone and very fine-grained sandstone with carbonate stringers 1 to 10
cm thick; commonly sheared and drag-folded.

Em(2ws) - Washburn Hill block, sandstone unit (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Massive to medium-bedded, gritty, medium-grained, lithic quartzose sandstone and thin- to wispy-
bedded fine-grained sandstone and siltstone; siltstone beds are massive to laminated and locally
concretionary and contemporaneously deformed; includes a few pebbly mudstone or conglomerate
beds; basaltic lapilli tuff with quartzose sandstone interbeds occurs locally near outcrop of tuff breccia
(unit Evc(w)); sandstone—siltstone sequence is probably a lateral facies of unit Evc(w); contains sparse
lower Narizian foraminifera identified by W. W. Rau (in Snavely and others, 1993).

Evc(w) - Washburn Hill block, volcaniclastic deposits or rocks (middle
Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Massive to poorly bedded, iron-oxide stained tuff breccia with minor interbeds of pebbly concretionary
siltstone and basaltic sandstone; derived from unit Evb(w) as debris flows; breccia grades laterally into
sedimentary rocks of unit Em(2ws); contains lower Narizian foraminifera identified by W. W. Rau (in
Snavely and others, 1993).).
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Em(1l) - Basaltic sandstone and conglomerate of Lizard Lake (middle
Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Basaltic sandstone and siltstone overlying basaltic conglomerate and mudflows; sandstone and
siltstone are thick- to medium-bedded and locally contain coral, mollusk fragments, and carbonized
wood; conglomerate is massive to thick-bedded; composed almost entirely of detritus eroded from the
underlying Crescent Formation. Foraminiferal fauna assigned to the upper Ulatisian Stage by W. W.
Rau (in Snavely and others, 1993).

Evs(h) - Sedimentary and basaltic rocks of Hobuck Lake, volcanic and
sedimentary rocks (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin-bedded siltstone with interbedded basaltic tuff-breccia and quartzose sandstone; overlain by
mudflow deposits, pillow lava, and breccia. Locally divided into Evb(hs), Ev(h), Evb(h), and Evc(h).

Evb(hs) - Basaltic facies of Hobuck Lake, sediments (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Pillow basalt and breccia, commonly altered, with minor interbeds of basaltic siltstone, basaltic
sandstone, and red argillite; includes a sill of gabbro.

Ev(h) - Volcanic rock facies of Hobuck Lake (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Iron-oxide-stained tuff-breccia with minor interbedded basaltic sandstone and siltstone; isolated blocks
and flows of hematite-stained pillow basalt and breccia and minor diabase sills; includes very thin to
150 m thick pillow basalt flow (mapped separately as unit Evb(h)) and mudflows that contain clasts of
hornblende-phyric basalt, siltstone, and red limey argillite together with blocks of feldspathic
sandstone; includes a massive basaltic breccia sequence more than 100 m thick; foraminifera from
siltstone interbed in breccia are assigned to the upper part of the Ulatisian Stage by W. W. Rau (in
Snavely and others, 1993).
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Evb(h) - Basaltic facies of Hobuck Lake (middle Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Iron-oxide-stained tuff-breccia with minor interbedded basaltic sandstone and siltstone; isolated blocks
and flows of hematite-stained pillow basalt and breccia and minor diabase sills; includes very thin to
150 m thick pillow basalt flow (mapped separately as unit Evb(h)) and mudflows that contain clasts of
hornblende-phyric basalt, siltstone, and red limey argillite together with blocks of feldspathic
sandstone; includes a massive basaltic breccia sequence more than 100 m thick; foraminifera from
siltstone interbed in breccia are assigned to the upper part of the Ulatisian Stage by W. W. Rau (in
Snavely and others, 1993).

Evc(h) - Sedimentary and basaltic rocks of Hobuck Lake, volcaniclastic
deposits or rocks (middle to lower Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin- and wispy-bedded tuffaceous siltstone with interbedded basaltic fine tuff to tuff-breccia and thin-
bedded to massive siltstone with thin quartzose sandstone interbeds; includes several massive to
thick-bedded, quartzose, lithofeldspathic sandstone beds (1 to 5 m thick) along the outcrop area.

Em(1p) - Portage Head/Point of Arches block, sandstone and siltstone
(middle to lower Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thick- to medium-bedded, medium-grained, quartzose, concretionary, carbonaceous lithic sandstone
with thin siltstone interbeds; on north side of Portage Head, contains a few interbeds of basaltic lapilli-
tuff and chert-bearing volcanic pebble conglomerate; probably correlates with thick-bedded quartzose
lithic sandstone of unit Evc(h); siltstone interbeds contain foraminifera assigned to the Ulatisian Stage
by W. W. Rau (in Snavely and others, 1993).

Ebx(pc) - Petroleum Creek block, tectonic breccia (middle to lower Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Siltstone mélange with phacoidal blocks of basalt, conglomerate, and calcite-cemented sandstone;
inferred to occur in the lower plate of a folded thrust below the Portage Head—Point of the Arches and
Washburn Hill blocks; contains sparse lower Narizian and Ulatisian foraminifera identified by W. W.
Rau (in Snavely and others, 1993).
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Em(sc) - Snag Peak block, sandstone and conglomerate (middle to lower
Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Very thick- to medium-bedded, gritty, coarse-grained, locally graded sandstone and minor pebble
conglomerate and mudflow channel deposits. Sandstone is quartzose with abundant lithic grains of
phyllite, basalt, metabasalt, and distinctive mottled, polycrystalline, quartz-veined chert fragments;
carbonaceous and coaly layers are present in some sandstone beds. Siltstone clasts in mudflows
contain foraminifera assigned to the lower Narizian or Ulatisian Stages by W. W. Rau (in Snavely and
others, 1993).

Em(w) - Washburn Hill block, sandstone and siltstone (middle to lower
Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thick- to medium-bedded, lithic quartzose turbidite sandstone with minor thin-bedded siltstone that
contains calcareous bands and a 2 m thick altered tuff bed; locally contains mudflow breccia, siltstone,
and fine-grained sandstone, with less-abundant basalt, sparse chert and diabase pebbles and cobbles,
and rare mollusk shells; sandstone is finely micro cross-laminated and contains calcareous
concretions and locally has siltstone rip-up clasts; burrows occur along bases of turbidites;
carbonaceous or coaly material 2 to 5 mm thick occurs along bedding planes; sparse foraminifera are
assigned to the lower Narizian and upper Ulatisian Stages by W. W. Rau (in Snavely and others,
1993).

Em(1) - Marine sedimentary rocks (middle to lower Eocene)
Unit is present on the Mount Olympus Quadrangle.

Mount Olympus Quadrangle

Breccia, conglomerate, volcanolithic sandstone, argillite, limestone, and chert; green, red, or black;
chiefly basalt and diabase clasts; micaceous, carbonaceous, lithic, calcareous, and fossiliferous;
interfingers with basaltic rocks; includes part of the Crescent Formation.

Ev(cf) - Crescent Formation, flows (middle and lower Eocene)

Unit is present on the Mount Olympus, Port Angeles and Shelton Quadrangles.

Mount Olympus Quadrangle
Tholeiitic basalt, basalt breccia, volcaniclastic conglomerate, and tuff; minor diabase and gabbro;
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subordinate pillow basalt; minor interbeds of marine siltstone, feldspatholithic and basaltic sandstone,
chert, and gray foraminiferal limestone; mostly aphyric; sparsely jointed; dark gray and dark greenish
gray, weathering to brown and dark brown; breccia consists of angular clasts of basalt, typically 4 to 10
cm in diameter; partially nonmarine near top with local columnar jointing; altered to greenstone in part
with coarsely crystalline epidote on fracture surfaces; contains foraminiferal assemblages referable to
the Ulatisian Stage (Rau, 1979, 1981); Babcock and others (1994) give a 40Ar/39Ar plateau age of
56.0 Ma and indicate correlative units adjacent to the Mount Olympus quadrangle of 57.8 to 55.3 Ma;
consists of the upper part of the Crescent Formation.

Port Angeles Quadrangle

Tholeiitic basalt, basalt breccia, volcaniclastic conglomerate, and tuff; minor diabase and gabbro sills
and dikes; subordinate pillow basalt and rare rhyolite; minor interbeds of marine siltstone,
feldspatholithic and basaltic sandstone, chert, and gray foraminiferal limestone; mostly aphyric; dark
gray and dark greenish gray, weathering to brown and dark brown. Flows are characterized by closely
spaced joints, sometimes radially oriented; breccia consists of angular clasts of basalt, typically 2 to 4
in. in diameter. Contains foraminiferal assemblages referable to the Ulatisian Stage (Rau, 1981);
Babcock and others (1994) give an 40Ar/39Ar plateau age of 50.5 Ma near the top of a correlative unit
outside the map area. Consists of the upper part of the Crescent Formation.

Shelton Quadrangle

Flow dominated basalt of the Crescent Formation. Submarine, plagioclase-pyroxene basalt with local
diabase and gabbro; pervasive zeolite and chlorite alteration in the matrix; commonly amygdaloidal
with zeolite and (or) chlorite amygdules; dark gray with greenish tint, brown where weathered, reddish
and variegated along altered contact zones; contains flows, pillow basalt, and breccias; refilled lava
tubes common in breccias; columnar joint orientation is commonly highly variable; highly vesiculated
and (or) pillowed units are commonly highly altered and contain abundant clay minerals, whereas thick
units with strong columnar joint formation tend to be less altered; commonly sheared and faulted;
contains rare interbeds of laminar basaltic siltstone or fine sandstone with foraminiferal faunas
referable to the Ulatisian Stage (Rau, 1981).

Ev(cp) - Crescent Formation, pillowed (middle and lower Eocene)

Unit is present on the Cape Flattery, Mount Olympus, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Basalt pillow lava and breccia; dense to very amygdaloidal; lower part of sequence contains 1 to 5 m
thick beds of foraminifera-bearing pelagic red and white limestone and calcareous red and brown
siltstone; upper part of sequence contains several thick interbeds of foraminifera-rich siltstone, basaltic
sandstone, basalt breccia or conglomerate, and a few 1 to 2 m thick interbeds of lithofeldspathic
sandstone and 0.25 to 2 m thick siliceous tuff beds. Foraminiferal assemblages are referred to the
Ulatisian and Penutian Stages by Rau (1981) and Snavely and others (1986); in the adjacent Port
Angeles 1:100,000-scale quadrangle, Babcock and others (1994) report 40Ar/39Ar plateau ages
ranging from 45.4 to 52.9 Ma.

Mount Olympus Quadrangle

Tholeiitic pillow basalt, basaltic breccia, and volcaniclastic sandstone and conglomerate; minor aphyric
basalt flows, gabbroic dikes and sills, and flow basalts; locally contains thin interbeds of basaltic tuff,
chert, red argillite, limestone, and siltstone; altered to greenstone in part; common chlorite, zeolites,
and epidote; typical 40Ar/39Ar plateau ages of 56.0 £1.0 to 55.3 Ma; contains foraminiferal
assemblages referable to the Penutian to Ulatisian Stages (Rau, 1964); consists of the lower part of
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the Crescent Formation.

Port Angeles Quadrangle

Tholeiitic pillow basalt, basalt breccia, and volcaniclastic sandstone and conglomerate; includes minor
aphyric basalt flows, minor gabbroic dikes and sills, and rare rhyolite; locally contains thin interbeds of
basaltic tuff, chert, red argillite, limestone, and siltstone; contains abundant chlorite and zeolites.
Reported 40Ar/39Ar plateau ages are 45.4 to 52.9 Ma within the map area and as old as 56.0 Ma
outside the map area (Babcock and others, 1994); contains foraminiferal assemblages referable to the
Penutian to Ulatisian Stages (Rau, 1964). Age discrepancies between this and overlying unit Ev(cf)
suggest that basalts may be part of separate extrusive centers (Babcock and others, 1994). Consists
of the lower part of the Crescent Formation.

Shelton Quadrangle

Pillow dominated basalt of the Crescent Formation. Submarine, plagioclase-pyroxene basalt with local
diabase and gabbro; pervasive zeolite and chlorite alteration in the matrix; commonly amygdaloidal
with zeolite and (or) chlorite amygdules; dark gray with greenish tint, brown where weathered, reddish
and variegated along altered contact zones; contains flows, pillow basalt, and breccias; refilled lava
tubes common in breccias; columnar joint orientation is commonly highly variable; highly vesiculated
and (or) pillowed units are commonly highly altered and contain abundant clay minerals, whereas thick
units with strong columnar joint formation tend to be less altered; commonly sheared and faulted;
contains rare interbeds of laminar basaltic siltstone or fine sandstone with foraminiferal faunas
referable to the Ulatisian Stage (Rau, 1981).

Evt(c) - Crescent Formation, tuffaceous rocks at Striped Peak (middle and
lower Eocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Water-laid tuff, mudflow breccia, and tuffaceous sedimentary rock. Tuff consists of light greenish gray
dacite, rhyolite, and andesite (Brown and others, 1960; Tabor and Cady, 1978); shows local evidence
of metamorphism where it contains garnet porphyroblasts and mineral assemblages indicative of the
greenschist and epidote—amphibolite metamorphic facies (Brown and others, 1960).

Evr(c) - Crescent Formation, rhyolite flow (middle and lower Eocene)

Unit is present on the Port Angeles Quadrangle.

Port Angeles Quadrangle

Porphyritic rhyolite; consists of milky-white plagioclase phenocrysts in light gray and pale pink aphanitic
groundmass. Altered spherulites suggest rhyolite extruded as lava flows (Schasse and Logan, 1998).
Occurs east of the Dungeness River on Burnt Hill.

2020 NPS Geologic Resources Inventory Program



68

OLYM GRI Ancillary Map Information Document

Em(1c) - Crescent Formation, sedimentary rocks (middle and lower Eocene)

Unit is present on the Cape Flattery, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Interbedded basaltic siltstone and fine grained sandstone; siltstone is locally concretionary and 10 to
100 m thick; minor interbeds of red and green limy argillite.

Port Angeles Quadrangle

Breccia, conglomerate, volcanolithic sandstone, argillite, limestone, and chert; green, red, or black;
clasts chiefly basalt and diabase; micaceous, carbonaceous, lithic, calcareous, and fossiliferous.
Interfingers with basaltic rocks (units Ev(cp) and Ev(cf)); at Lost Mountain. Contains Ulatisian or older
foraminifera (Rau, 2000).

Shelton Quadrangle

Generally parallel- and thin-bedded basaltic siltstone and sandstone interbeds found within the
Crescent Formation that contain foraminiferal assemblages referable to the Ulatisian and possibly
Penutian Stages (Rau, 1986).

Eib(c) - Crescent Formation, silicified basic intrusive rocks (middle and lower
Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Pipe-like bodies of hypersthene basalt breccia set in an opaline matrix; opaline veins are pervasive
within and adjacent to areas of silicification.

Eigb(c) - Crescent Formation, gabbro (middle and lower Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Dikes and sills of diabase and gabbro; occurs in lower part of formation; sills and dikes less than 2 m
thick not differentiated on map.

Em(1s) - Snag Peak block, concretionary siltstone and claystone (middle and
lower Eocene)

Unit is present on the Cape Flattery Quadrangle.
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Cape Flattery Quadrangle

Thin-bedded to non-bedded, concretionary, dark-gray siltstone and claystone; in places contains fine-
grained, lithic turbidite sandstone beds as much as 1 m thick. Foraminiferal assemblage assigned to
the Ulatisian(?) Stage by W. W. Rau (in Snavely and others, 1993).

Em(10) - Ozette Lake-Calawah Ridge block, marine sedimentary rocks
(middle and lower? Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin-bedded, well-indurated siltstone, intensely sheared and drag folded, with interbeds of thin- to
thick-bedded, fine-grained, lithic and quartzose sandstone and gritty basaltic sandstone. Less common
are interbeds of volcanic breccia and nonlayered to pillowed basalt flows (unit Evb(op)), which contain
a few thin red argillite beds. Basalt ranges from aphyric to porphyritic and occurs as blocks or as
interbeds as thick as 15 m. Calcite and lesser laumontite and quartz veinlets occur throughout the
siltstone, breccia, and basalt.

Evb(op) - Ozette Lake-Calawah Ridge block, basalt flows and breccias
(middle and lower Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Thin-bedded, well-indurated siltstone, intensely sheared and drag folded, with interbeds of thin- to
thick-bedded, fine-grained, lithic and quartzose sandstone and gritty basaltic sandstone. Less common
are interbeds of volcanic breccia and nonlayered to pillowed basalt flows (unit Evb(op)), which contain
a few thin red argillite beds. Basalt ranges from aphyric to porphyritic and occurs as blocks or as
interbeds as thick as 15 m. Calcite and lesser laumontite and quartz veinlets occur throughout the
siltstone, breccia, and basalt.

Em(1pc) - Portage Head/Point of Arches block, conglomerate and breccia
(lower? Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Pebble and cobble conglomerate and mudflow breccia composed chiefly of angular to subangular
clasts of silicified, fine-grained, slightly micaceous, feldspathic, quartzose sandstone and siltstone and
minor metabasalt and diorite; conglomerate commonly brecciated and recemented by calcite and
silica.
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Evb(p) - Portage Head/Point of Arches block, basalt flows (lower Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Pillow basalt, isolated pillow breccia, and mudflow breccia with minor interbeds of basaltic sandstone
and siltstone and red calcareous argillite; pillows are commonly amygdaloidal and are porphyritic with
phenocrysts of augite and plagioclase set in a fine-grained groundmass; pervasively sheared and
laced with veins of laumontite, calcite, epidote, quartz, and prehnite; basalt correlates with the
Crescent Formation (unit Ev(cp)) north of the Crescent fault; coccoliths from calcareous argillite beds
in the pillow lavas are assigned an early Eocene age by David Bukry (in Snavely and others, 1993).
Locally divided into: Eigb(p).

Eigb(p) - Portage Head/Point of Arches block, gabbro (lower Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Gabbro or diabase sills as thick as 30 m cutting unit Evb(p).

Evb(w) - Washburn Hill block, pillow basalt and breccia (lower Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Fine-grained to very fine-grained, amygdaloidal, porphyritic pillow basalt and breccia; basalt contains 3
to 5 m thick interbeds of highly sheared microfossil-bearing brownish gray and brick-red siltstone;
abundant planktonic foraminiferal assemblages assigned to the Ulatisian and Penutian(?) Stages by
W. W. Rau (in Snavely and others, 1993); probably equivalent to units Evc(p) and Evb(p).

Eva - Andesite flows (Eocene)

Unit is present on the, Mount Olympus Quadrangle.

Mount Olympus Quadrangle

Altered thick-bedded hornblende andesite and thin-bedded hornblende andesite tuff; locally includes
porphyritic pyroxene andesite; local columnar jointing; probable Narizian age (Cady and others,
1972b); includes part of the Lyre Formation.

Evb - Basalt flows (Eocene)

Unit is present on the Copalis Beach, Forks, Mount Olympus and Shelton Quadrangles.
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Copalis Beach Quadrangle

Altered basalt and (or) basaltic breccia mixed with reddish, green, or gray clasts of argillite; basalts are
green or dark gray and contain abundant calcite, chlorite, and other very fine-grained secondary
minerals; altered plagioclase phenocrysts persist in some basalts; occurs as isolated blocks that are
commonly fault-bounded and surrounded by sedimentary rocks.

Forks Quadrangle

Unit Evb is composed mainly of altered basaltic breccia and conglomerate with lesser amounts of
basalt, pillow basalt, and felsic tuff (Stewart, 1970; Tabor and Cady, 1978a). All exposures in the Forks
quadrangle are discontinuous pods that are associated with coastal mélanges or the Clearwater River
fault [shear zone]. Larger exposures within these shear zones are mapped as unit Evb, but small pods
and phacoids occur throughout these mélanges and are mapped as part of unit MIEbx (Stewart, 1970;
Rau 1975, 1979; Tabor and Cady, 1978a).

Unit Evb is predominantly basalt, but analyses of samples from the Salmon River sheet directly
southeast of the Forks quadrangle (Lingley and others, 1996) suggest that these basaltic rocks
represent two different tectonic or geochemical environments: (1) mid-oceanic ridge basalt and (2)
oceanic or seamount alkalic basalt. Some, but not all, of these rocks have chemistries that are
essentially indistinguishable from those of typical Crescent Formation basalts (Lingley and others,
1996), which have been interpreted as a margin-rift basin volcanic sequence (Babcock and others,
1994). However, one of the samples is alkalic basalt similar to the volcanics of Grays River (Phillips
and others, 1989), which were erupted into a fore-arc setting (Walsh and others, 1987).

The juxtaposition of disparate basalt chemistries within gouge along the Salmon River thrust fault
[shear zone] suggests either considerable fault offset along shears or that some of the basalts are
exotic blocks (Lingley and others, 1996).

The age of unit Evb is poorly constrained. Stratiform deposits southeast of the Forks quadrangle have
conformable contacts with rocks of unit MIEm(r), suggesting a Miocene to Late Eocene age. Crescent
Formation basalt chemistry implies an early Eocene age.

Felsic tuffs identified and dated by Richard Stewart (University of Washington, written commun., 1999)
crop out directly west of Yahoo Lake and along Prairie Creek southeast of the Forks quadrangle. The
tuffs yield an Early Miocene (22 ma) zircon fission-track minimum age, but these tuffs probably are
unconformable on the basaltic rocks.

Most exposures of unit Evb lie in contact with tectonic breccias of unit MIEbx. Unit Evb is inferred to be
in fault contact with units Mimr, Miml, MIEm(r), MIEmI, and MIEm.

Unit Evb may be equivalent to unit Tb of Tabor and Cady (1978a) and Lingley and others (1996);
however, the limited areal extent of the these rocks precludes reliable correlation. Many workers
(Applegate, 1989; Tabor and Cady, 1978b; Stewart, 1970) correlate unit Evb with the Crescent
Formation basalts, which crop out south of the Forks quadrangle.

Mount Olympus Quadrangle

Basalt, pillow basalt, greenstone, and basaltic volcaniclastic rocks with minor gabbro, diabase, tuff,
basaltic sandstone, siltstone, and red argillite; locally metamorphosed to upper zeolite facies;
commonly fault-bounded; contiguous with rocks yielding Eocene to Miocene zircon fission-track ages
(see unit OLEm(r) of Brandon and Vance, 1992; R. J. Stewart, Univ. of Wash., written commun.,
1999); has basalt chemistry correlative with the Crescent Formation in the southwestern corner of the

2020 NPS Geologic Resources Inventory Program



72

OLYM GRI Ancillary Map Information Document

guadrangle (Lingley and others, 1996); includes part of the Western Olympic and Grand Valley lithic
assemblages of Tabor and Cady (1978a).

Shelton Quadrangle

Altered basalt and (or) basaltic breccia mixed with reddish, green, or gray clasts of argillite; basalt is
green or dark gray and contains abundant calcite, chlorite, and other very fine-grained secondary
minerals; altered plagioclase phenocrysts persist in some basalt; occurs as isolated blocks that are
commonly fault-bounded and surrounded by sedimentary rocks.

Ebx(o) - Ozette Lake-Calawah Ridge block, tectonic breccia (Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Tectonically mixed blocks of sandstone and less-common basalt in a matrix of intensely sheared
concretionary siltstone. Sandstone blocks consist of medium- to thick-bedded, micaceous,
carbonaceous turbidites (unit OLEm(0)); basalt blocks are composed of pillow lava and breccia (unit
Evb(ot)). Blocks range from less than 1 m to more than 50 m, are fractured and veined by laumontite
and calcite, and have slickensided and polished surfaces. Locally mélange is cut by vertical shear
surfaces and is highly susceptible to landsliding. Sparse foraminifera are assigned to the Narizian
Stage by W. W. Rau (in Snavely and others, 1993).

Evb(ot) - Ozette Lake--Calawah Ridge block melange, pillow lava and breccia
(Eocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Tectonically mixed blocks of sandstone and less-common basalt in a matrix of intensely sheared
concretionary siltstone. Sandstone blocks consist of medium- to thick-bedded, micaceous,
carbonaceous turbidites (unit OLEm(0)); basalt blocks are composed of pillow lava and breccia (unit
Evb(ot)). Blocks range from less than 1 m to more than 50 m, are fractured and veined by laumontite
and calcite, and have slickensided and polished surfaces. Locally mélange is cut by vertical shear
surfaces and is highly susceptible to landsliding. Sparse foraminifera are assigned to the Narizian
Stage by W. W. Rau (in Snavely and others, 1993).

EEPmI - Marine clastic rocks, dominantly thick-bedded lithic sandstone
(Eocene-Paleocene)

Unit is present on the Shelton Quadrangle.

Shelton Quadrangle

Volcanic lithic sandstone; black; micaceous; thick to very thick to massive; consists of the thick-
bedded facies of the Blue Mountain unit (Tabor and Cady, 1978).
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EEPm - Blue Mountain unit of Tabor and Cady (1978), marine sedimentary
rocks (Eocene-Paleocene)

Unit is present on the Cape Flattery Mount Olympus, Port Angeles and Shelton Quadrangles.

Cape Flattery Quadrangle

Gray to black lithic sandstone, semischist, siltstone, slate, granule or pebble conglomerate, and
siltstone- or slate-clast breccia; very dark gray to purple gray; commonly laminated and rhythmically
bedded; local very thick sandstone beds; abundant muscovite and basalt detritus. Foraminiferal
assemblages referable to the Ulatisian or older stages (Rau, 2000); Babcock and others (1994) report
40Ar/39Ar ages from overlying beds of Crescent Formation volcanic rocks of 56.0 to 45.4 Ma.

Mount Olympus Quadrangle

Gray to black lithic sandstone, semischist, siltstone, slate, granule or pebble conglomerate, and
siltstone- or slate-clast breccia; commonly laminated and rhythmically bedded; local very thick
sandstone beds; abundant muscovite and basalt detritus; metamorphosed to zeolite facies;
foraminiferal assemblages referable to the Ulatisian or older stages (Rau, 2000); Babcock and others
(1994) reported 40Ar/39Ar ages from overlying Crescent Formation volcanic rocks of 56.0 to 45.6 Ma;
consists of the Blue Mountain unit of Tabor and Cady (1978a).

Port Angeles Quadrangle

Gray to black lithic sandstone, siltstone, argillite, granule or pebble conglomerate, and siltstone- or
slate-clast breccia; commonly laminated and rhythmically bedded; locally contains very thick
sandstone beds. Contains foraminiferal assemblages referable to Ulatisian or older stages (Rau,
2000); Babcock and others (1994) report 40Ar/39Ar ages of 45.4 to 56.0 Ma from overlying Crescent
Formation volcanic rocks.

Shelton Quadrangle

Basaltic lithic sandstone with as much as 15 percent rounded clinopyroxene clasts and 5 percent
potassium feldspar; thick beds of black, mica-rich lithic sandstone common locally; conspicuous thick
to very thick bedding; black weathering to red; medium grained; consists of the basaltic sandstone
facies of the Blue Mountain unit (Tabor and Cady, 1978).

EEPmM(c) - Blue Mountain unit of Tabor and Cady (1978a), conglomerate and
pebbly sandstone (Eocene-Paleocene)

Unit is present on the Cape Flattery and Port Angeles Quadrangles.

Cape Flattery Quadrangle

Thick-bedded to massive conglomerate and pebbly sandstone or semischist with minor interbedded
slate or argillite; subrounded pebbles and minor cobbles of dark-gray chert and volcanic rocks with
less-abundant light-gray sandstone; very dark gray to grayish-black angular siltstone rip-up clasts
common and locally form slate-chip breccia; interbedded with rocks of Eocene to Paleocene age (see
unit EEPm)
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Port Angeles Quadrangle

Thick-bedded to massive conglomerate and pebbly sandstone with minor interbedded argillite;
contains greenish gray subrounded pebbles and minor cobbles of dark-gray chert and volcanic rocks
with less-abundant light-gray sandstone and rare calcareous concretions; abundant very dark gray to
grayish-black angular siltstone rip-up clasts locally form slate-chip breccia. Interbedded with rocks of
Eocene to Paleocene age (unit EEPm); believed to be a submarine channel facies of unit EEPm
(Einarsen, 1987).

EEPmM(st) - Blue Mountain unit of Tabor and Cady (1978a), thick-bedded
sandstone (Eocene-Paleocene)

Unit is present on the Mount Olympus Quadrangle.

Mount Olympus Quadrangle

Thick-bedded to massive, volcanolithic to feldspatholithic sandstone, with less-abundant thin-bedded,
fine-grained silty sandstone; slate, rare limestone, coal laminations, and pebble conglomerate; fine to
very coarse grained; angular; gray, black, and olive-black, weathering to red or brown; moderately to
poorly sorted; commonly basaltic; contains locally abundant muscovite and rounded clinopyroxene;
interbedded with rocks of Eocene to Paleocene age (unit EEPm); consists of part of the Blue Mountain
unit of Tabor and Cady (1978a).

EEPm(stc) - Blue Mountain unit of Tabor and Cady (1978a), conglomerate and
sandstone (Eocene-Paleocene)

Unit is present on the Mount Olympus Quadrangle.

Mount Olympus Quadrangle

Thick-bedded to massive conglomerate and pebbly sandstone or semischist with minor interbedded
slate or argillite; subrounded pebbles and minor cobbles of dark gray chert and volcanic rocks with
less-abundant light-gray sandstone; commonly contains very dark gray to grayish black angular
siltstone rip-up clasts, locally forming slate-chip breccia; interbedded with rocks of Eocene to
Paleocene age (unit EEPm); consists of part of the Blue Mountain unit of Tabor and Cady (1978a).

EPida - Portage Head/Point of Arches block, intrusive dacite (Paleocene)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Light-gray, fine-grained, hornblende-bearing dacite sill; intrudes sedimentary rocks (unit Kvs(p)) along
base of sea cliff in central part of Point of the Arches; hornblende K/Ar age of 59 +3 Ma by R. W.
Tabor (in Snavely and others, 1993).
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EPKbx - Portage Head/Point of Arches block, tectonic breccia
(Paleocene-Cretaceous)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Intensely sheared mélange containing phacoidal or angular polished blocks of pre-Tertiary rocks that
include silicified feldspathic quartzose sandstone, metadacite, metatuff, basalt, and phyillite.

Kvs(p) - Portage Head/Point of the Arches block, volcanic and sedimentary
rocks (Cretaceous)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Feldspatholithic sandstone and lithofeldspathic quartzose sandstone interbedded with pillowed,
brecciated metabasalt, mudflow breccia, and conglomerate; feldspatholithic sandstone is medium-
gray, thick-bedded, fine- to medium-grained, micaceous; lithofeldspathic quartzose sandstone is light-
gray and silicified, with interbeds of chert and dark-gray, thin-bedded argillite; sedimentary rocks are
intruded by Paleocene dacite sill (unit tida); interbed of chert contains radiolarians indicative of an
Early Cretaceous age (Snavely and others, 1993).

Jigb(p) - Portage Head/Point of the Arches block, gabbro and diorite
(Jurassic)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle

Gabbro and nonfoliated to gneissic pyroxene- hornblende-bearing quartz diorite; diorite contains
irregularly shaped masses of hornblende-rich pegmatite and alaskite(?) and is cut by quartz veins;
partially altered to uralite, sphene, calcite, chlorite, hydrogarnet, and prehnite; diorite is Jurassic or
older based on K/Ar hornblende age of 144 +2.4 Ma (Snavely and others, 1971); the nonfoliated
phase, now recognized to be an oceanic crust cumulate, has produced a U/Pb age of 160 Ma (R. J.
Stewart, Univ. of Wash., oral commun., 2003).

UNKTtz - Tectonic zone (unknown)

Unit is present on the Cape Flattery Quadrangle.

Cape Flattery Quadrangle
Zone of penetrative shearing; large tectonic blocks mapped locally.
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Ancillary Source Map Information

The following sections present ancillary source map information associated with sources used for this
project.

Cape Flattery 100k Quadrangle

The formal citation for this source.

Schasse, H. W., 2003, Geologic Map of the Washington portion of the Cape Flattery 1:100000
Quadrangle: Washington Division of Geology and Earth Resources, Open File Report 2003-5, 1
Sheet, scale 1:100,000. (GRI Source Map ID 7434).

Prominent graphics and text associated with this source map.

Report

INTRODUCTION

This map of the Cape Flattery 1:100,000-scale quadrangle was compiled to support construction of the
northwest quadrant of the 1:250,000-scale geologic map of Washington (Dragovich and others, 2002).
The quadrangle is situated in the extreme northwest part of the Olympic Peninsula. This map is also
available electronically as a series of digital geographic information system (GIS) coverages, which
can be obtained by contacting the Washington Division of Geology and Earth Resources, PO Box
47007, Olympia, WA 98504-7007; phone (360) 902-1450; fax (360) 902- 1785; e-mail
geology@wadnr.gov.

The Olympic Peninsula is underlain by sequences of Tertiary marine and nearshore sediments,
volcanogenic rocks, and sediments deposited in deep-water environments from sandy debris flows. At
least four major lithotectonic units or ‘terranes’ make up the geology of the Cape Flattery 1:100,000-
scale quadrangle. Three of these are highly disrupted, subduction-related mélange and turbidite units
(Snavely and others, 1993; Snavely, 1987): (1) the lower Oligocene to lower Eocene Ozette terrane;
(2) the lower Oligocene to Jurassic Sooes terrane; (3) and the Oligocene to lower Eocene unnamed
terrane situated between the Crescent and Calawah faults. Collectively, these terranes are called the
‘core rocks’ by Tabor and Cady (1978) and the ‘Olympic subduction complex’ by Brandon and
Calderwood (1990). Snavely and others (1993) subdivided the aforementioned terranes into discrete
tectonically bounded sequences, which they refer to as ‘blocks’ (Fig. 1- Terrane and Block Boundaries

).

A fourth terrane, called the Crescent terrane by Babcock and others (1994), is composed of the
Eocene Crescent Formation and associated Miocene to Paleocene(?) sedimentary rocks. The rocks
included in the Crescent terrane correspond to the ‘peripheral rocks’ of Tabor and Cady (1978) and
were referred to as rocks of “the marginal basin northeast of the Crescent fault” by Snavely and others
(1993). These rocks form a horseshoe-shaped outcrop belt surrounding the inboard or east side of the
Olympic subduction complex (see Dragovich and others, 2002, sheet 3, fig. 4).

The three major source maps used to compile the Cape Flattery 1:100,000-scale map are Snavely and
others (1993), Tabor and Cady (1978), and Gower (1960). The bedrock geology shown on this map is
that of Snavely and others (1993), who described the geology of their map area within the framework
of the terranes described above. | have relied heavily upon their unit descriptions (with selected
modifications and deletions of some details) in preparing this compilation. The coastal geology shown
in the Coastal Zone Atlas of Washington (Wash. Dept. of Ecology, 1978) was used locally. Unit
symbols follow the time-lithology symbology applied by the Washington Division of Geology and Earth
Resources (DGER) in Dragovich and others (2002). The geologic time scale of Palmer and Geissman
(1999) was used for the ages of the bedrock units. Provincial biostratigraphic stage correlations are
from the Correlation of Stratigraphic Units of North America project of the American Association of
Petroleum Geologists (Salvador, 1985) and were slightly modified to match parts of the time scale of
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Palmer and Geissman.

| have subdivided the Quaternary surficial (glacial) geology of the Cape Flattery 1:100,000-scale
guadrangle, which was not subdivided in the maps of Snavely and others (1993), Tabor and Cady
(1978), and Gower (1960). This was achieved by deriving a map of the soil parent materials from a soil
survey of the Clallam County area (Halloin, 1987) and augmenting those data with spot checks in the
field and reconnaissance mapping. Long (1975) produced unpublished manuscripts of his field
observations of Quaternary deposits for the Olympic Peninsula during his many years of work with the
U.S. Forest Service. Long’s interpretation of the maximum extent of the late Wisconsinan Cordilleran
ice sheet was used.

ACKNOWLEDGMENTS

Bill Phillips (Univ. of Edinburgh, Scotland), Rowland Tabor (U.S. Geological Survey, emeritus), Dick
Stewart (Univ. of Wash.), Steve Boyer (Charles Wright Academy), Bill Lingley (DGER), and Josh
Logan (DGER) provided insight and important geological data. DGER staff members Josh Logan and
Karen Meyers provided helpful reviews. Eric Schuster (DGER) digitized the map. Anne Heinitz and
Chuck Caruthers did the cartography, Karen Meyers did the editing and text layout, and Jari Roloff
(DGER) provided editing and cartographic support. Fieldwork for this study was partially funded with a
grant from the U.S. Geological Survey STATEMAP program (contract no. 98HQAG2062). | also wish
to thank Merrill and Ring Tree Farm and Cavenham Forest Industries for kindly providing access to
their forest lands during the field-mapping phase of this compilation.

Text from source map: Cape Flattery 1:100,000 Quadrangle (portion of).

2020 NPS Geologic Resources Inventory Program



78 OLYM GRI Ancillary Map Information Document

Terrane and Block Boundaries

1. Crescent terrane of Babcock and others (1994)

2. Terrane south of the Crescent fault and north of the Calawah fault

3. Sooes terrane
3a. Portage Head—Point of the Arches coastal block
3b.  Petroleum Creek block
2; gf]}ib];mbll-h"kbloc}( sandstone of the Sooes River
2 ' dXeD 00 area (Tabor and Cady, 1978)
3e.  Snag Peak block
4. Ogzette terrane
3b) 4a.  Cape Alava coastal block
3a 1 4b. _ Ozette Lake—Calawah Ridge block
3c
3d
3e
4a
2
4b
0 10 km
—_—
| | |
124°45’ 124°30' 124°15' 124°00'

Figure 1. Terrane and block boundaries (modified from Snavely and others, 1993). The term 'block’ is
used to denote discrete tectonically bounded sequences within a specific tectonostratigraphic terrane.
Some lithologic units within individual blocks correlate with units in adjacent blocks in other terranes.

Graphic from source map: Cape Flattery 1:100,000 Quadrangle (portion of).
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Graphic from source map: Cape Flattery 1:100,000 Quadrangle (portion of).
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Report
INTRODUCTION

METHODS AND NOMENCLATURE

This map was compiled from previously published geologic maps and unpublished thesis maps and
supplemented by reconnaissance field mapping and remote sensing studies using aerial photos, digital
elevation models, and Side- Looking Airborne Radar (SLAR) images. Bedrock units are represented
somewhat schematically on this map because many outcrops, especially in stream channels in the
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lower part of the Quinault River valley, are so small and ephemeral that they cannot be shown at this
scale. Some bedrock polygons were compiled from Tabor and Cady (1978) and Rau (1973, 1986),
while others were either modified from the above sources or constructed from field observations.
Although Quaternary unit boundaries are commonly diffuse and irregular or obscured by heavy
vegetation or weathering, they are depicted by solid lines on this map. Geologic unit symbols for alpine
glacial deposits were chosen to show the relative time of deposition rather than symbolize the unit
names assigned by the original mappers. This was done in order to show the time relationship of
glacial deposits from one valley to the next and to reduce the need for arbitrary scratch boundaries
where glacial deposits from one drainage merge with those from an adjacent drainage, such as on
interfluves or beyond the foothills of the mountain range.

GEOLOGY

In northern part of this quadrangle, exposures of Tertiary marine sedimentary rocks of the Olympic
Mountains core and the Hoh rock assemblage, along with scattered basaltic tectonic blocks, are
scarce. Marine sedimentary rocks as young as the Plio—Miocene-age Quinault Formation crop out
along the present day coastline and are best exposed in coastal bluffs. Most of the marine sedimentary
rocks, especially parts of the Hoh rock assemblage, have been extensively deformed by tectonic
processes. Throughout most of this quadrangle, Tertiary rocks are masked by Quaternary-age
sediments that were deposited by alpine glacial processes.

The oldest of the Quaternary deposits include deeply weathered reddishorange gravels that were
interpreted by Moore (1965) to be tectonic or nonglacial, although he did allow that they could be of
glacial origin. He divided these gravels into an older “moderately and intensely deformed sand and
gravel” and a younger “flat lying and slightly deformed sand and gravel”. The extent and morphology of
these gravels suggest that they are of glacial origin and are probably glacial outwash trains of at least
two pre-Wisconsinan glaciations. They are possibly Moore’s (1965) Donkey Creek and Humptulips
drifts, respectively, although Moore did not make that connection. Two such pre-Wisconsinan drifts
were identified in the Queets and Hoh River basins by Thackray (1996). He named the oldest of these
the Wolf Creek drift and the youngest the Whale Creek drift.

The moraine of the Whale Creek drift nearly merges beyond the Olympic Mountain foothills with the
moraine of the Humptulips drift (Moore, 1965) and is indistinguishable from it. In the lower Quinault
River basin, the Humptulips drift is underlain by an older till, probably Moore’s Donkey Creek drift. This
older till is interpreted here to be equivalent in age to the Wolf Creek drift. So, the Wolf and Donkey
Creek drifts and the older deformed gravels of Moore (1965) are shown here as older pre-
Wisconsinan units and are so designated with a subscripted number ‘1’ in the unit symbol. These units
may correspond in age to the Wedekind Creek formation and part of the Weatherwax formation
(Carson, 1970) in the Wynoochee River basin. The Whale Creek and Humptulips drifts and the
younger flat-lying gravels of Moore (1965) are shown as younger pre-Wisconsinan units and likely
correspond to an ancient unnamed drift in the East and West Fork basins of the Humptulips River (this
study), the Mobray drift, and part of the Weatherwax formation (Carson, 1970) in the Wynoochee River
basin. These units are indicated by a subscripted number ‘2’ in the unit symbol.

Thackray (1996) mapped an early to middle (or more generally, pre-late) Wisconsinan drift that he
called the Lyman Rapids drift. Outwash trains of Lyman Rapids drift are indistinguishable from and
merge along a coastal terrace with outwash from Moore’s (1965) Chow Chow drift. Moore mapped the
Chow Chow drift as the youngest drift in the Quinault basin, but the fact that outwash from this unit
merges with that of the pre-late Wisconsinan Lyman Rapids drift suggests that part of the Chow Chow
drift is pre-late Wisconsinan, as is shown on this map in units Qap, Qapt, and Qapo. The younger (late
Wisconsinan) part of the Chow Chow drift is probably represented by the moraine that impounds Lake
Quinault, which is a few miles upstream from the map area, and by a lowelevation inset terrace (unit
Qao) along the Quinault River near the center of this map. Unit Qao and the Lake Quinault moraine
were deposited at about the same time as the Twin Creeks and Hoh Oxbow drifts (Thackray, 1996),
the Grisdale Il through VI drifts (Carson, 1970), and an unnamed alpine outwash in the upper
Skokomish River basin mapped by Tabor and Cady (1978).
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Forks 100k Quadrangle
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Port Angeles 100k Quadrangle

The formal citation for this source.

Schasse, H.W., 2003, Geologic Map of the Washington portion of the Port Angeles 1:100000
Quadrangle: Washington Division of Geology and Earth Resources, Open File Report 2003-6,
scale 1:100,000. (GRI Source Map ID 7433).

Prominent graphics and text associated with this source map.

Report

INTRODUCTION

This geologic map of the Port Angeles 1:100,000-scale quadrangle covers the north-central slopes
and adjacent coastal areas of the Olympic Peninsula and the southern tip of San Juan Island. It was
compiled to support the construction of the northwest quadrant of the 1:250,000-scale geologic map
of Washington (Dragovich and others, 2002). Until recently, most geologic maps of the peninsula
featured bedrock geology. Quaternary deposits were shown primarily where they obscured the
bedrock and only as two or three units defined by broad-scope chronological assignment and origin. |
have attempted to give equal attention to the Tertiary bedrock and Quaternary sediments in compiling
the mapping for the Port Angeles 1:100,000-scale quadrangle.

The Olympia Peninsula bedrock geology shown on this map is largely modified from Tabor and Cady
(1978) and Brown and others (1960) with more recent contributions from Schasse and Logan (1998)
and Schasse and Wegmann (2000). The bedrock geology for southern San Juan Island is largely
modified from Vance (1975), Brandon (1980), and Brandon and others (1988). Additional age dates
used to modify the bedrock geology of earlier workers were taken from R. J. Stewart (Univ. of Wash.,
written commun., 1999), Rau (1998, 2000, 2002), and Brandon and Vance (1992).

The Quaternary geology of the Olympic Peninsula shown on this map is largely modified from Othberg
and Palmer (1979a,b, 1982), Othberg and Logan (1977), Washington Department of Ecology (1978),
Schasse and Polenz (2002), Schasse and Logan (1998), and Schasse and Wegmann (2000).
Quaternary geology west of the city of Port Angeles was subdivided using parent material
interpretations derived from a soil survey of the Clallam County area (Halloin, 1987) complemented by
field spot-checking and reconnaissance mapping. Landslide deposits in the vicinity of Lakes Crescent
and Sutherland are included as presented in Logan and Schuster (1991). Subdivided alpine glacial
units and the maximum extent of the late Wisconsinan Cordilleran ice sheet were taken from Long
(1975). The surficial geology of southern San Juan Island is taken from Dethier and others (1996).
Additional age dates used to characterize the surficial geology of the Port Angeles quadrangle were
taken from Dethier and others (1995), Blunt and others (1987), Hallett and others (1997), Heusser
(1973), Petersen and others (1983), and Armstrong and others (1965).

Unit symbols used in this compilation generally follow the time—lithology symbology applied by the
Washington Division of Geology and Earth Resources in Dragovich and others (2002). The geologic
time scale of Palmer and Geissman (1999) was used as the basis for the ages of the bedrock units for
this compilation. Provincial biostratigraphic stage correlations are from the “Correlation of Stratigraphic
Units of North America” project of the American Association of Petroleum Geologists (Salvador, 1985)
and were slightly modified to match parts of the time scale of Palmer and Geissman.

BEDROCK GEOLOGY

The two pre-Tertiary bedrock units exposed on southern San Juan Island are part of a thick and
regionally extensive sequence of Late Cretaceous thrust faults and nappes, referred to as the San
Juan thrust system of Brandon and others (1988) (see Dragovich and others, 2002, sheet 3, fig. 4).
These units are fault-bounded packages of oceanic sediments interbedded with minor volcanic rocks
that have been subjected to low-grade metamorphism.
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Three major stratigraphic sequences occur within the Tertiary rocks of the Olympic Peninsula:

1. The Eocene to Paleocene Crescent Formation and Blue Mountain unit of Tabor and Cady (1978).
The Crescent Formation is interpreted as a marginal rift-basin sequence, while the Blue Mountain unit
consists of submarine fan deposits beneath and between the eruptive centers (Wells and others,
1984; Einarsen, 1987; Babcock and others, 1994; Snavely and Wells, 1996).

2. Lower Miocene to Eocene sedimentary and volcanic rocks north of and stratigraphically overlying
the Crescent Formation. These include deep-marine rocks of the Aldwell Formation (Brown and
others, 1960), marine rocks of the Lyre Formation (Brown and others, 1956, 1960; Tabor and Cady,
1978), marine rocks of the Twin River Group (Brown and Gower, 1958; Snavely and others, 1978),
and small exposures of basalt.

3. Oligocene to Eocene sedimentary and minor volcanic rocks tectonically underlying the Crescent
Formation including the Needles—Gray Wolf, Elwha, and Western Olympic lithic assemblages of
Tabor and Cady (1978). This sequence of deep-marine sedimentary and minor marine volcanogenic
rocks represents an exhumed section of the Cascadia accretionary prism (Tabor, 1975).

These stratigraphic sequences are included in two major lithotectonic units that make up the geology
of the Olympic Peninsula. The Crescent terrane (Babcock and others, 1994) includes the rocks of the
first two stratigraphic sequences listed above and corresponds to the ‘peripheral rocks’ of Tabor and
Cady (1978). These rocks form a horseshoe-shaped outcrop belt surrounding the inboard or east side
of the Olympic subduction complex (see Dragovich and others, 2002, sheet 3, fig. 4). The Olympic
subduction complex (Brandon and Calderwood, 1990) includes the rocks of the third stratigraphic
sequence listed above, and corresponds to the ‘core rocks’ of Tabor and Cady (1978).

SURFICIAL GEOLOGY

The surficial units exposed in the Port Angeles 1:100,000-scale quadrangle consist primarily of
Pleistocene glacial materials deposited by the Juan de Fuca lobe of the Cordilleran ice sheet during
the Vashon Stade and Everson Interstade of the Fraser Glaciation. Alpine glacial deposits, formed
during the late Wisconsinan, are mapped in the upper valley of the Sol Duc River. Holocene post-
glacial sediments were deposited after the ice retreated from the area. Older pre-Fraser glacial and
nonglacial deposits exposed primarily in sea cliffs along the Strait of Juan de Fuca and in some north—
south drainages are mapped as an all inclusive unit that also contains some post-glacial deposits and
deposits of Fraser age.
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Report

INTRODUCTION

This map of the Mount Olympus 1:100,000-scale quadrangle covers the central and eastern Olympic
Peninsula and was compiled to support construction of the northwest quadrant of the 1:250,000-scale
geologic map of Washington (Dragovich and others, 2002). Until recently, most geologic maps of the
peninsula featured bedrock stratigraphy and structure. Quaternary deposits were shown primarily
where they obscured the bedrock, and then only as two or three units defined by broad-scope
chronological assignment and origin. In compiling the mapping for the Mount Olympus quadrangle, we
have attempted to give equal attention to the Tertiary bedrock and Quaternary sediments, contributing
new information on age correlations for the geologic materials and climatic events on the peninsula.

Our bedrock geology is largely modified from Tabor and Cady (1978a) using additional age dates and
mapping of Stewart (1970; Univ. of Wash., written commun., 1999), Cady and others (1972a, 1972b),
Tabor (1972), Addicott (1976), Brandon and Vance (1992), Squires and Goedert (1997), Gerstel and
Lingley (2000), and W. W. Rau (Wash. Division of Geology and Earth Resources, oral communs.,
1987-2001). Quaternary geology is refined from the previous mapping based on correlations to the
chronology and stratigraphy developed primarily by Thackray (1996).

This map displays geologic units chiefly by age and lithology. Age—lithology symbols for geologic units
consist of capital letters signifying the age of the unit and lowercase letters indicating the general
lithology. Some also include subscripted letters indicating formation name or additional lithologic
information, and (or) subscripted numbers indicating whether a unit is in the lower (1) or upper (2) part
of a chronostratigraphic interval. Unit symbols for Quaternary units indicate relative ages and separate
deposits of Olympic Mountains alpine glaciers from those of continental glaciers originating in Canada
and the North Cascades.

This map is available electronically as a series of digital geographic information system (GIS)
coverages, which can be obtained by contacting the Washington Division of Geology and Earth
Resources, PO Box 47007, Olympia, WA 98504-7007; phone (360) 902-1450; fax (360) 902-1785; e-
mail geology@wadnr.gov.

BEDROCK
Three major stratigraphic sequences occur within the Tertiary rocks of the Mount Olympus quadrangle:

1. The Eocene to Paleocene Crescent Formation and Blue Mountain unit of Tabor and Cady (1978a).
(Also see Glassley, 1974, and Duncan, 1982.) The Crescent Formation is interpreted as a marginal
rift-basin sequence, and the Blue Mountain unit consists of submarine fan deposits beneath and
between the eruptive centers (Wells and others, 1984; Einarsen, 1987; Clark, 1989; Babcock and
others, 1994; Snavely and Wells, 1996).

2. Middle Eocene sedimentary and volcanic rocks northeast of and stratigraphically overlying the
Crescent Formation. These include deep-marine rocks of the Aldwell Formation, marine rocks of the
Lyre Formation (Ansfield, 1972), and small exposures of basalt and andesite.

3. Middle Miocene to middle Eocene minor sedimentary and volcanic rocks tectonically underlying the
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Crescent Formation including the Needles—Gray Wolf, Grand Valley, Elwha, and Western Olympic
lithic assemblages of Tabor and Cady (1978a). This sequence of deep-marine sedimentary and minor
marine volcanogenic rocks represents an exhumed section of the Cascadia accretionary prism (Tabor,
1975). Three dominant deep-marine lithofacies are interpreted within these stratigraphic sequences
(Lingley, 1995): (1) thick-bedded, coarse channel deposits that commonly grade laterally to (2)
medium-bedded sandy levee deposits, and, in turn, to (3) rhythmically bedded sandy interdistributary
deposits. (Also see Tabor and Cady, 1978a; Stewart, 1970; Rau, 1979.) A fourth lithofacies consisting
of tectonic breccia and (or) sheared sedimentary rocks reflects deformation within wide fault zones
(Stewart, 1970; Tabor and Cady, 1978a,b; Lingley, 1995; Lingley and others, 1996).

Igneous rocks in the study area are dominated by the Crescent Formation basaltic rocks, interpreted
as marine, marginal rift-basin deposits (Wells and others, 1984; Babcock and others, 1994). Younger
basaltic rocks and rare intermediate volcanic rocks were extruded on or adjacent to the Juan de Fuca
plate, but not as mid-oceanic ridge basalts. Some of the volcaniclastic rocks are channel-fill
sequences.

Most of the rocks in the central and western parts of the study area are metamorphosed to zeolite
facies (Stewart, 1974; Tabor and Cady, 1978a).

Sedimentary structures are well preserved throughout most of the study area including much of the
deformed core of the Olympic Mountains. However, in the central part of the quadrangle where phyllite
and semischist predominate, bedding is entirely obliterated by shearing.

QUATERNARY DEPOSITS

Todd (1939) and Frisken (1965) laid the foundation for mapping of glacial deposits in the east-side
drainages of the Olympic Peninsula. Crandell (1964, 1965) and Heusser (1973, 1974, 1978) were
among the earliest workers to establish a chronology with their observations based on relative age-
dating methods and limited radiocarbon dating of peat deposits. Crandell (1965) suggested
correlations with Puget Sound and Cascade glacial stratigraphy, assigning major advances to Salmon
Springs Glaciation at greater than 36,000 yr B.P. (and probably correlating to the penultimate or pre-
Wisconsinan glaciation), Evans Creek Stade of the Fraser Glaciation at greater than 25,000 to 20,000
yr B.P., and Vashon Stade of the Fraser Glaciation at 20,000 to about 12,000 yr B.P. Dates from a
limited number of samples were extrapolated throughout the drainages of the peninsula.

Heusser (1973, 1974) suggested evidence for at least two major glacial advances in the Hoh and
Bogachiel River drainages of the Forks 1:100,000-scale quadrangle area, one occurring at around
18,000 years ago and the other at least 30,000 years ago. He correlated the earlier advance to the
Salmon Springs Glaciation. Recently, Heusser and others (1999), in a paper on the stratigraphy and
vegetation of the Humptulips River drainage, located within the Copalis Beach 1:100,000-scale
guadrangle to the southwest (Logan, in press), suggested glacial advances occurring during oxygen
isotope stage 5a (about 60,000 yr B.P.), and several times each during stages 4 (infinite radiocarbon
age), 3 (~40,000-30,000 yr B.P.), and 2 (between 24,600 and 18,440 yr B.P.).

Rau (1973, 1979) broke out two Quaternary units, undivided alpine glacial deposits and alluvium.

Long (1975, 1976) compiled his field observations of the Quaternary deposits of the entire Olympic
Peninsula applying stratigraphic correlations developed in the Cascade Range, perpetuating confusion
of age assignment.

Carson (1976) mapped glacial deposits adjacent to the Mount Olympus quadrangle to the east. He
recognized Vashon-age and several pre-Vashon-age deposits of the Puget lobe of the continental
glacier, and described these as including and interbedded with older alpine glacial deposits from the
Olympic Mountains.

Correlations to Cascade stratigraphy perpetuated the concept of synchronous alpine glaciation
throughout North America. However, recent work on the peninsula by Thackray (1996) and a global
review by Gillespie and Molnar (1995) suggest that alpine glaciation in the Olympic Mountains may
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have been asynchronous, and particularly responsive to climatic change, with respect to glaciations in
other North American mountain ranges. Thackray (1996), working in the Hoh and Queets River valleys
on the west side of the Olympic Mountains, developed a chronology of glacial advances and retreats
unique to the Olympic Peninsula. He defined at least four major glacial advances, some including
several minor readvances. Thackray's nomenclature for the Hoh and Queets drainages, based in part
on mapping by Moore (1965), included, from older to younger: the Wolf Creek advance (inferred to be
older than 780,000 years based on reversely magnetized glaciolacustrine sediments), the Whale
Creek advance (~125,000-250,000 yr B.P.), the Lyman Rapids advance (~50,000-60,000 yr B.P.), the
Hoh Oxbow advance (~29,000-39,000 yr B.P.), and the Twin Creeks advance (~17,000-19,000 yr B.
P., and possibly a late readvance of the Hoh Oxbow glaciation). Only those alpine glacial deposits
correlated to the Lyman Rapids, Hoh Oxbow, and Twin Creeks advances are mapped on the Mount
Olympus quadrangle. However, glaciers still exist in the headwaters of many valleys (Spicer, 1986),
forming small moraines and depositing till and outwash. Some deposits mapped as Fraser age (late
Wisconsinan) may therefore be Holocene in age.

The Quaternary glacial stratigraphic record on the Mount Olympus quadrangle has been divided into
four time-stratigraphic and origin-based unit groupings: pre-Fraser (prelate Wisconsinan) alpine
glacial, pre-Fraser (pre-late Wisconsinan) continental glacial, Fraser (late Wisconsinan) alpine glacial,
and Fraser (Vashon, late Wisconsinan) continental glacial. Differentiation of the time-stratigraphic unit
groupings is based primarily on relative dating techniques. Where they exist, numerical ages are
expressed in radiocarbon years.

Deposits left by the Juan de Fuca lobe of the continental ice sheet have yielded only a limited number
of radiocarbon dates on the Olympic Peninsula. Based on these dates, we correlate the deposits to the
Vashon Stade (~14,000-12,000 yr B.P.) of the Fraser Glaciation (Schasse, in press; and this study).
The continental glacial deposits are represented by extensive compact lodgment till and some areas of
unconsolidated ablation till. Most eastand north-flowing rivers were, at various times, dammed by
continental ice filling the lowland Puget Sound and Strait of Juan de Fuca, forming lakes and resulting
in thick sequences of glaciolacustrine deposits. North- and east-flowing river valleys are generally
shorter, steeper, and more commonly incised into bedrock than west-flowing river valleys, and
therefore did not preserve much of the glacial depositional record.

Interglacial periods were characterized by erosion in the upper areas of the drainage basins, and
relatively low rates of sedimentation in the lowland areas. Thick, often extensive, deposits of peat,
some of which are now exposed in coastal bluffs were laid down during these times (Heusser, 1964;
Thackray, 1996). These non-glacial deposits, variable in thickness, generally represent much longer
time intervals than the coarser, rapidly deposited glacial deposits. They have been mildly folded along
the western margin of the Olympic Peninsula and help document the timing of tectonic deformation
(Thackray, 1996; Thackray and Pazzaglia, 1994; McCrory, 1997; Thackray, 1999). Much less
extensive peat deposits formed during the waning stages of glaciations, both up-valley and down-
valley of moraines.

Landslides are abundant in the Olympic Peninsula landscape, but we map them only where they
exceed approximately 160 acres in area. They occur throughout the map area in drainage headwalls,
on mid- and lower slopes, and along terrace edges in valley bottoms. They are generally deep-seated
and are mapped as either rockfall or slump-earthflow deposits. Debris flows, both natural and road-
related, occur in abundance in mountain gullies and on steep slopes, but are generally too small to be
mapped at the scale of this map. Deep-seated landslides with a high certainty level in Gerstel (1999)
are included on this map. Landslides in bedrock commonly occur along bedding surfaces, within shear
and mineralogically altered zones, and through structural weaknesses within rock units. Landslides are
also common where dense, fine-grained sediments (such as till or lacustrine deposits) within valley-fill
sequences create barriers to ground-water flow.

STRUCTURE
Variation in the angle and rate of convergence of the Juan de Fuca plate under the North America
plate is responsible for the distinct geology and structure of the Olympic Peninsula (Babcock and
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others, 1994; Brandon and Calderwood, 1990; Brandon and Vance, 1992).

Most workers have interpreted the faults within the Mount Olympus quadrangle and adjacent areas
primarily as a series of east-dipping, westward-younging decollement thrusts (Stewart, 1970; Rau,
1973, 1979; Tabor and Cady, 1978b; Palmer and Lingley, 1989; Brandon and Calderwood, 1990;
Brandon and Vance, 1992; Snavely and Wells, 1996). Zircon fission-track ages (R. J. Stewart, Univ. of
Wash., written communs., 1999, 2001; Brandon and Vance, 1992), cleavage development, and map
patterns suggest that other major thrust systems may extend from the vicinity of Mount Tom (T26N
R8W) through the North Fork Quinault River and in the vicinity of Finley Creek (T24N R9W). The
Salmon River thrust fault (Stewart, 1970; Gerstel and Lingley, 2000), which is exposed in the
southwestern part of the Mount Olympus quadrangle, is the easternmost (and therefore oldest) thrust
system that is not folded by the Olympic antiform. Although west-dipping thrusts have been identified
offshore (Snavely, 1987; Lingley, 1995; Gutscher and others, 2001), none have been identified in the
Mount Olympus quadrangle, except overturned segments of larger east-dipping features. Thrust
faulting probably commenced prior to the onset of transitional andesitic volcanism of the Cascade arc
(Phillips and others, 1989) at about 42 Ma.

The Olympic antiform, a regional, east-plunging fold, dominates the study area. (See Tabor, 1975.) It
covers an area of about 120 by 70 mi and is defined by the strike of lithologic layering and S1 (first-
generation) cleavage, folding of faults, and alignment of lenticular lithologic units, especially in the
eastern part of the quadrangle. The outer limbs of the antiform are composed of the Crescent
Formation and overlying middle Eocene sedimentary and volcanic rocks, which are mostly older than
the middle Miocene to middle Eocene rocks in the core of the fold; earlier imbricate thrusting had
brought the older rocks over the younger rocks. The antiform formed during the early to middle
Miocene, and deformation ceased before 14.7 Ma, the age of the oldest strata that are not folded.
Other mesoscopic folds in the study area mostly trend northwest, but west- or southwest- trending
folds are present (Tabor and Cady, 1978b; Lingley and others, 1996). The axial planes of these folds
are generally subparallel to bedding and S1 cleavage and the fold axes plunge northwest or southeast
at shallow to moderate angles. These relations suggest most of the folds are ramp and leading-edge
anticlines, piggyback basins, and other thrust-related bends.

A prominent cleavage is well developed throughout the middle Miocene to middle Eocene rocks and in
the Blue Mountain unit. This cleavage is nearly parallel to bedding in thin-bedded lithofacies, but at
higher angles to bedding in the thick-bedded lithofacies. In several locations, cleavage is penetrative in
hanging walls adjacent to major faults, but diminishes progressively at structurally higher levels, and
thus is interpreted to result from strain transmitted from thrusting. Two additional cleavages that are
locally developed in the central part of the quadrangle may result from renewed mountain building
during out-ofsequence faulting (Boyer and Lingley, 1994) and (or) folding of the rocks into the Olympic
antiform. In some areas such as Dodwell Rixon Pass and west of Mount Stone, considera

Text from source map: Mount Olympus 1:100,000 Quadrangle.
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Index Map

Graphic from source map: Mount Olympus 1:100,000 Quadrangle.
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Symbols

GEOLOGIC SYMBOLS

R SRS [ Contact—dashed where inferred, dotted where concealed. hachured
where gradational

Contact, scratch boundary

m——— mpmpmdeialaade & Fault, unknown offset—long dashed where approximately located,
short dashed where inferred, dotted where concealed

—v—Vv— - v—-—vw-" %"y Thrust faull—sawteeth on upper plate; dashed where inferred.
dotted where concealed

R MRS 'ﬁ‘ rov e v e e e v Right-lateral strike-slip fault—concealed
—I— e o el I ----- Anticline—dashed where inferred. dotted where concealed
4*— ------- * ------- Syncline—dotted where concealed

- Minor anticline—showing bearing and plunge

—r— Inclined bedding—showing strike and dip

—

Inclined bedding—showing strike and dip; top direction of beds
known from local features

—+—  Vertical bedding—showing strike
——

Wertical bedding—showing strike; ball shows top direction of beds
where known from local features

—f=  Overturned bedding—showing strike and dip
—T— Inclined bedding in phacoids in shear zone—showing strike and dip
oy

Inclined crenulated or warped bedding—showing approximate
strike and dip

s Vertical crenulated or warped bedding—showing approximate strike
—v— Inclined cleavage—showing strike and dip
—4#—  Vertical cleavage—showing strike

Inclined cleavage and bedding—showing strike and dip
~y~  Inclined deformed cleavage—showing approximate strike and dip
~4~  Verlical deformed cleavage—showing approximate strike
-

Lineation—showing bearing and plunge

r T T T T T T T 1 Limit of influence of the late Wisconsinan Cordilleran ice sheet

Graphic from source map: Mount Olympus 1:100,000 Quadrangle.

References

Addicott, W. O., 1976, Neogene molluscan stages of Oregon and Washington. In Fritsche, A. E.; Ter
Best, Harry, Jr.; Wornardt, W. W., editors, The Neogene symposium—Selected technical papers
on paleontology, sedimentology, petrology, tectonics and geologic history of the Pacific coast of
North America: Society of Economic Paleontologists and Mineralogists Pacific Section, 51st Annual
Meeting, p. 95-115.

Ansfield, V. J., 1972, The stratigraphy and sedimentology of the Lyre Formation, northwestern Olympic

2020 NPS Geologic Resources Inventory Program



104

OLYM GRI Ancillary Map Information Document

Peninsula, Washington: University of Washington Doctor of Philosophy thesis, 131 p., 1 plate.

Babcock, R. S.; Suczek, C. A.; Engebretson, D. C., 1994, The Crescent "terrane", Olympic Peninsula
and southern Vancouver Island. In Lasmanis, Raymond; Cheney, E. S., convenors, Regional
geology of Washington State: Washington Division of Geology and Earth Resour-- ces Bulletin 80,
p. 141-157.

Boyer, S. E.; Lingley, W. S., Jr., 1994, A model for the structural evolution of parts of the Olympic
subduction complex and associated piggyback basins [abstract]: Geological Society of America
Abstracts with Programs, v. 26, no. 7, p. A-188.

Brandon, M. T.; Calderwood, A. R., 1990, High-pressure metamorphism and uplift of the Olympic
subduction complex: Geology, v. 18, no. 12, p. 1252-1255.

Brandon, M. T.; Vance, J. A., 1992, Tectonic evolution of the Cenozoic Olympic subduction complex,
Washington State, as deduced from fission track ages for detrital zircons: American Journal of
Science, v. 292, no. 8, p. 565-636.

Brown, R. D., Jr.; Gower, H. D.; Snavely, P. D., Jr., 1960, Geology of the Port Angeles— Lake Crescent
area, Clallam County, Washington: U.S. Geological Survey Oil and Gas Investigations Map OM-
203, 1 sheet, scale 1:62,500.

Cady, W. M.; Sorensen, M. L.; MacLeod, N. S., 1972a, Geologic map of the Brothers quadrangle,
Jefferson, Mason and Kitsap Counties, Washington: U.S. Geological Survey Geologic Quadrangle
Map GQ-969, 1 sheet, scale 1:62,500.

Cady, W. M.; Tabor, R. W.; MacLeod, N. S.; Sorensen, M. L., 1972b, Geologic map of the Tyler Peak
quadrangle, Clallam and Jefferson Counties, Washington: U.S. Geological Survey Geologic
Quadrangle Map GQ-970, 1 sheet, scale 1:62,500.

Carson, R. J., 1976, Geologic map of north-central Mason County, Washington: Washington Division
of Geology and Earth Resources Open File Report 76-2, 1 sheet, scale 1:62,500.

Clark, K. P., 1989, The stratigraphy and geochemistry of the Crescent Formation basalts and the
bedrock geology of associated igneous rocks near Bremerton, Washington: Western Washington
University Master of Science thesis, 171 p., 1 plate.

Crandell, D. R., 1964, Pleistocene glaciations of the southwestern Olympic Peninsula, Washington: U.
S. Geological Survey Professional Paper 501-B, p. B135-B139.

Crandell, D. R., 1965, The glacial history of western Washington and Oregon. In Wright, H. E., Jr.;
Frey, D. G., editors, The Quaternary of the United States: Princeton University Press, p. 341-353.

Dragovich, J. D.; Logan, R. L.; Schasse, H. W.; Walsh, T. J.; Lingley, W. S., Jr.; Norman, D. K;
Gerstel, W. J.; Lapen, T. J.; Schuster, J. E.; Meyers, K. D., 2002, Geologic map of Washington—
Northwest quadrant: Washington Division of Geology and Earth Resources Geologic Map GM-50, 3
sheets, scale 1:250,000, with 72 p. text.

Duncan, R. A., 1982, A captured island chain in the coast range of Oregon and Washington: Journal of
Geophysical Research, v. 87, no. B13, p. 10,827-10,837.

Einarsen, J. M., 1987, The petrography and tectonic significance of the Blue Mountain unit, Olympic
Peninsula, Washington: Western Washington University Master of Science thesis, 175 p.

Frisken, J. G., 1965, Pleistocene glaciation of the Brinnon area, east-central Olympic Peninsula,
Washington: University of Washington Master of Science thesis, 75 p., 3 plates.

Gerstel, W. J., 1997, Progress report on the geologic mapping and landslide inventory of the west-
central portion of the Olympic Peninsula, Washington: Washington Geology, v. 25, no. 4, p. 30-32.

Gerstel, W. J., 1999, Deep-seated landslide inventory of the west-central Olympic Peninsula:
Washington Division of Geology and Earth Resources Open File Report 99-2, 36 p., 2 plates.

Gerstel, W. J.; Lingley, W. S., Jr., compilers, 2000, Geologic map of the Forks 1:100,000 quadrangle,
Washington: Washington Division of Geology and Earth Resources Open File Report 2000-4, 36 p.,
2 plates.

Gillespie, Alan; Molnar, Peter, 1995, Asynchronous maximum advances of mountain and continental
glaciers: Reviews of Geophysics, v. 33, no. 3, p. 311-364.

Glassley, W. E., 1974, Geochemistry and tectonics of the Crescent volcanic rocks, Olympic Peninsula,
Washington: Geological Society of America Bulletin, v. 85, no. 5, p. 785-794.

Gutscher, Marc-Andre; Klaeschen, Dirk; Flueh, E. R.; Malavieille, Jacques, 2001, Non- Coulomb
wedges, wrong-way thrusting, and natural hazards in Cascadia: Geology, v. 29, no. 5, p. 379-382.

Heusser, C. J., 1964, Palynology of four bog sections from the western Olympic Peninsula,
Washington: Ecology, v. 45, no. 1, p. 23-40.

Heusser, C. J., 1973, Age and environment of allochthonous peat clasts from the Bogachiel River

2020 NPS Geologic Resources Inventory Program



OLYM GRI Ancillary Map Information Document 105

valley, Washington: Geological Society of America Bulletin, v. 84, no. 3, p. 797-804.

Heusser, C. J., 1974, Quaternary vegetation, climate, and glaciation of the Hoh River valley,
Washington: Geological Society of America Bulletin, v. 85, no. 10, p. 1547-1560.

Heusser, C. J., 1978, Palynology of Quaternary deposits of the lower Bogachiel River area, Olympic
Peninsula, Washington: Canadian Journal of Earth Sciences, v. 15, no. 10, p. 1568- 1578.

Heusser, C. J.; Heusser, L. E.; Peteet, D. M., 1999, Humptulips revisited—A revised interpretation of
Quaternary vegetation and climate of western Washington, USA: Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 150, no. 3-4, p. 191-221.

Lingley, W. S., Jr., 1995, Preliminary observations on marine stratigraphic sequences, central and
western Olympic Peninsula, Washington: Washington Geology, v. 23, no. 2, p. 9-20.

Lingley, W. S., Jr,; Logan, R. L.; Walsh, T. J.; Gerstel, W. J.; Schasse, H. W., 1996, Reconnaissance
geology of the Matheny Ridge—Higley Peak areas, Olympic Peninsula, Washington: Washington
Division of Geology and Earth Resources [under contract to] U.S. Minerals Management Service,
31 p., 1 plate.

Logan, R. L., in press, Geologic map of the Copalis Beach 1:100,000 quadrangle, Washington:
Washington Division of Geology and Earth Resources Open File Report, 1 sheet.

Long, W. A., 1975, Glacial studies on the Olympic Peninsula: U.S. Forest Service, 1 v., 9 plates.

Long, W. A., 1976, Glacial geology of the Olympic Peninsula, Washington: U.S. Forest Service, 135 p.

McCrory, P. A., 1997, Evidence for Quaternary tectonism along the Washington coast: Washington
Geology, v. 25, no. 4, p. 14-20.

Moore, J. L., 1965, Surficial geology of the southwestern Olympic Peninsula: University of Washington
Master of Science thesis, 63 p., 1 plate.

Palmer, S. P.; Lingley, W. S., Jr., 1989, An assessment of the oil and gas potential of the Washington
outer continental shelf: University of Washington, Washington Sea Grant Program, Washington
State and Offshore Oil and Gas, 83 p., 12 plates.

Phillips, W. M.; Walsh, T. J.; Hagen, R. A., 1989, Eocene transition from oceanic to arc volcanism,
southwest Washington. In Muffler, L. J. P.; Weaver, C. S.; Blackwell, D. D., editors, Proceedings of
workshop XLIV—Geological, geophysical, and tectonic setting of the Cascade Range: U.S.
Geological Survey Open-File Report 89-178, p. 199-256.

Porter, S. C.; Swanson, T. W., 1998, Radiocarbon age constraints on rates of advance and retreat of
the Puget lobe of the Cordilleran ice sheet during the last glaciation: Quaternary Research, v. 50,
no. 3, p. 205-213.

Rau, W. W., 1964, Foraminifera from the northern Olympic Peninsula, Washington: U.S. Geological
Survey Professional Paper 374-G, 33 p., 7 plates.

Rau, W. W., 1973, Geology of the Washington coast between Point Grenville and the Hoh River:
Washington Division of Geology and Earth Resources Bulletin 66, 58 p.

Rau, W. W., 1975, Geologic map of the Destruction Island and Taholah quadrangles, Washington:
Washington Division of Geology and Earth Resources Geologic Map GM-13, 1 sheet, scale
1:63,360.

Rau, W. W., 1979, Geologic map in the vicinity of the lower Bogachiel and Hoh River valleys, and the
Washington coast: Washington Division of Geology and Earth Resources Geologic Map GM-24, 1
sheet, scale 1:62,500.

Rau, W. W., 1981, Pacific Northwest Tertiary benthic foraminiferal biostratigraphic framework—An
overview. In Armentrout, J. M., editor, Pacific Northwest Cenozoic biostratigraphy: Geological
Society of America Special Paper 184, p. 67-84.

Rau, W. W., 2000, Appendix 4—Foraminifera from the Carlsborg 7.5-minute quadrangle, Washington.
In Schasse, H. W.; Wegmann, K. W., Geologic map of the Carlsborg 7.5- minute quadrangle,
Clallam County, Washington: Washington Division of Geology and Earth Resources Open File
Report 2000-7, p. 24-26.

Schasse, H. W., in press, Geologic map of the Cape Flattery 1:100,000 quadrangle, Washington:
Washington Division of Geology and Earth Resources Open File Report, 1 sheet.

Snavely, P. D., Jr., 1987, Tertiary geologic framework, neotectonics, and petroleum potential of the
Oregon—-Washington continental margin. In Scholl, D. W.; Grantz, Arthur; Vedder, J. G., compilers
and editors, Geology and resources potential of the continental margin of western North America
and adjacent ocean basins—Beaufort Sea to Baja California: Circum-Pacific Council for Energy
and Mineral Resources, Earth Science Series, v. 6, p. 305-335.

Snavely, P. D., Jr.; Wells, R. E., 1996, Cenozoic evolution of the continental margin of Oregon and

2020 NPS Geologic Resources Inventory Program



106

OLYM GRI Ancillary Map Information Document

Washington. In Rogers, A. M.; Walsh, T. J.; Kockelman, W. J.; Priest, G. R., editors, Assessing
earthquake hazards and reducing risk in the Pacific Northwest: U.S. Geological Survey
Professional Paper 1560, v. 1, p. 161-182.

Spicer, R. C., 1986, Glaciers in the Olympic Mountains, Washington—Present distribution and recent
variations: University of Washington Master of Science thesis, 158 p., 1 plate.

Squires, R. L.; Goedert, J. L., 1997, Eocene megafossils from the Needles—Gray Wolf lithic
assemblage of the eastern "core rocks", Olympic Peninsula, Washington: Washington Geology, v.
25, no. 4, p. 25-29.

Stewart, R. J., 1970, Petrology, metamorphism and structural relations of graywackes in the western
Olympic Peninsula, Washington: Stanford University Doctor of Philosophy thesis, 123 p., 5 plates.

Stewart, R. J., 1974, Zeolite facies metamorphism of sandstone in the western Olympic Peninsula,
Washington: Geological Society of America Bulletin, v. 85, no. 7, p. 1139-1142.

Tabor, R. W., 1971, Origin of ridge-top depressions by large-scale creep in the Olympic Mountains,
Washington: Geological Society of America Bulletin, v. 82, no. 7, p. 1811-1822.

Tabor, R. W., 1972, Age of the Olympic metamorphism, Washington—K-Ar dating of low-grade
metamorphic rocks: Geological Society of America Bulletin, v. 83, no. 6, p. 1805-1816

Tabor, R. W., 1975, Guide to the geology of Olympic National Park: University of Washington Press,
144 p., 2 plates.

Tabor, R. W.; Cady, W. M., 1978a, Geologic map of the Olympic Peninsula, Washington: U.S.
Geological Survey Miscellaneous Investigations Series Map 1-994, 2 sheets, scale 1:125,000.

Tabor, R. W.; Cady, W. M., 1978b The structure of the Olympic Mountains, Washington— Analysis of
a subduction zone: U.S. Geological Survey Professional Paper 1033, 38 p.

Thackray, G. D., 1996, Glaciation and neotectonic deformation on the western Olympic Peninsula,
Washington: University of Washington Doctor of Philosophy thesis, 139 p., 2 plates.

Thackray, G. D., 1999, Pacific moisture delivery and the variability of alpine glacier chronologies in
western North America [abstract]: Geological Society of America Abstracts with Programs, v. 31,
no. 4, p. A-58.

Thackray, G. D.; Pazzaglia, F. J., 1994, Quaternary stratigraphy, tectonic geomorphology, and fluvial
evolution of the western Olympic Peninsula, Washington. In Swanson, D. A.; Haugerud, R. A.,
editors, Geologic field trips in the Pacific Northwest: University of Washington Department of
Geological Sciences, v. 2, p. 2A 1 - 2A 29.

Todd, M. R., 1939, The glacial geology of the Hamma Hamma Valley and its relation to the glacial
history of the Puget Sound basin: University of Washington Master of Science thesis, 48 p., 1 plate.

Varnes, D. J., 1978, Slope movement types and processes. In Schuster, R. L.; Krizek, R. J., editors,
Landslides—Analysis and control: National Academy of Sciences Transportation Research Board
Special Report 176, p. 11-33.

Wells, R. E.; Engebretson, D. C.; Snavely, P. D., Jr.; Coe, R. S., 1984, Cenozoic plate motions and the
volcano-tectonic evolution of western Oregon and Washington: Tectonics, v. 3, no. 2, p. 275-294.

References from source map: Mount Olympus 1:100,000 Quadrangle.

Shelton 100k Quadrangle

The formal citation for this source.
Logan, R. L., 2003, Geologic Map of the Shelton 1:100000 Quadrangle, Washington: Washington
Division of Geology and Earth Resources, Open File Report 2003-15, 1 Sheet, scale 1:100,000. (
GRI Source Map ID 7436).

Prominent graphics and text associated with this source map.

Report
INTRODUCTION

2020 NPS Geologic Resources Inventory Program



OLYM GRI Ancillary Map Information Document 107

METHODS AND NOMENCLATURE

This map was compiled from previously published geologic maps and unpublished thesis maps, and
supplemented by reconnaissance field mapping and remote sensing studies using aerial photos, digital
elevation models, and Side- Looking Airborne Radar (SLAR) images. Although Quaternary and some
bedrock unit boundaries are commonly diffuse or obscured by heavy vegetation or weathering, they
are depicted by solid lines on this map.

Geologic unit symbols indicate the age and general rock type of the unit they symbolize and may have
a subscript that identifies a formation or a finer age break. Unit symbols for Olympic Mountains—
derived alpine glacial deposits were chosen to show relative time of deposition rather than symbolize
the unit names assigned by the original mappers. This reduces the need for arbitrary scratch
boundaries between indistinguishable units in areas where ice from different drainages merged
beyond the Olympic Mountains front.

GEOLOGY

Paleocene to Eocene marine sedimentary rocks of the Blue Mountain unit (Tabor and Cady, 1978) are
the oldest rocks in the quadrangle. However, Eocene marine volcanic rocks of the Crescent
Formation, which overlie and interfinger with the Blue Mountain unit at their base, form the basement
throughout most of this quadrangle. In the northwest part of the quadrangle, these two units are
separated from Miocene to Eocene marine sedimentary rocks of the Olympic Peninsula core by the
Southern fault zone (Tabor and Cady, 1978). The Eocene to Oligocene Lincoln Creek Formation was
deposited on the Crescent Formation basaltic basement rocks. In the Miocene, the Astoria Formation
was deposited on the Lincoln Creek Formation, followed by the Montesano Formation in the late
Miocene. These units are located in the south-central part of the quadrangle in the northern part of the
Grays Harbor sedimentary basin (Snavely and Wagner, 1963; Fowler, 1965). All of the bedrock units
have been folded and faulted as a result of continued transpression along the western edge of the
North America plate.

Olympic Mountains—derived alpine glacial deposits cover much of the northern and western parts of
the map area. The eastern part of the map area is capped by sediments deposited by ice that
originated in the northwestern part of the North American continent along the Canadian part of the
Cordillera. These glacial deposits are referred to as continental or Cordilleran deposits.

Geologic mapping of alpine glacial deposits has historically been either of a regional reconnaissance
nature or restricted to discrete drainage basins. As a result of the basin-mapping approach, local
names were given to many glacial deposits throughout the southern Olympic Mountains. In this map,
an attempt has been made to make approximate age correlations between these locally named units.
Previous studies are outlined below and are followed by an explanation of the approach used in this
map to depict alpine glacial units. Crandell (1964) completed a reconnaissance report in which he
described four major alpine glacial advances in the southwest Olympic Mountains. He maintained that
three of these advances occurred during Wisconsinan time and one during pre-Wisconsinan time, and
that “the only surficial deposit of probable glacial origin beyond the outermost till of Wisconsin age is
fluvial gravel”, referring to extensive iron-oxide-stained gravels north of Grays Harbor. He based his
age determinations on weathering and physiographic characteristics of the deposits, but his
conclusions about the timing of the four alpine glacial advances do not agree with those of later
workers.

Moore (1965) mapped and named three alpine glacial advances in the Quinault River drainage basin.
He named his glacial units, from oldest to youngest, the Donkey Creek drift, the Humptulips drift, and
the Chow Chow drift. However, he assigned the extensive gravel deposits north of Grays Harbor a pre-
Pleistocene age and suggested that these gravels are of nonglacial origin.

Carson (1970) mapped and named alpine glacial units in the vicinity of the Wynoochee River based on
relative terrace levels, weathering characteristics, and degree of stream dissection. His units from
oldest to youngest are the Wedekind Creek formation, the Mobray drift, and the Grisdale | to VI drifts.
He also described a primarily continental glacial drift he named the Helm Creek drift (not shown on this
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map). He suggested that the Helm Creek drift was deposited sometime after the Wedekind Creek
Formation but before a continental glacial drift that he thought was the Salmon Springs Drift. However,
his “Salmon Springs” drift was later shown to be the Double Bluff Drift by Easterbrook and others
(1981). He also described the Weatherwax formation, which he interpreted as outwash that was
deposited between lobes of the Mobray drift and his “Salmon Springs” drift.

Thackray (1996) studied moraines in the Hoh and Queets River drainage basins to the northwest of
the Shelton quadrangle, where he also proposed the existence of four alpine ice advances. He
provides evidence that the oldest of the drifts, the Wolf Creek, is reversely magnetized, indicating an
age of at least 780,000 yr, corresponding to the end of the last magnetic reversal. His next youngest
unit, the Whale Creek drift, he assigns to oxygen isotope stage 6, which corresponds to the glaciation
immediately preceding the last major interglacial period. This roughly corresponds to the Double Bluff
Drift of the Puget Lowland at more than 125,000 yr (Thackray, 1996). His Lyman Rapids drift forms
outwash terraces that parallel the modern and last interglacial shorelines and are indistinguishable
from the older portions of Moore’s Chow Chow outwash on the basis of rock materials, stratigraphy,
geomorphology, and weathering characteristics. Thackray assigned late Wisconsinan ages to his
youngest alpine drift units, the Twin Creeks and Hoh Oxbow drifts.

On this map, units Qapw1 (drift), Qapwol (outwash), and Qapwt1l (till) are the oldest pre-Wisconsinan
units and include the Wedekind Creek formation and possibly part of the Weatherwax formation of
Carson (1970) and the Donkey Creek drift and “moderately to intensely deformed sand and

gravel” (north of Grays Harbor) of Moore (1965), and are probably age equivalent to the Wolf Creek
drift (Thackray, 1996).

Units Qapw2, Qapwo2, and Qapwt2 are the younger pre-Wisconsinan units and include unnamed
drifts in the East Fork and West Fork Humptulips Rivers, the Mobray drift (Carson, 1970), and the
Humptulips drift and “flat lying and slightly deformed sand and gravel” (north of Grays Harbor) of
Moore (1965), and are probably age-equivalent to the Whale Creek drift of Thackray (1996).

Units Qap, Qapo, and Qapt are pre—late Wisconsinan and include the Grisdale | and Il drifts of Carson
(1970), unnamed drifts in the Humptulips River valley, and the older part of Moore’s (1965) Chow
Chow drift (southwest of Lake Quinault), and are probably age equivalent to Thackray’'s Lyman Rapids
drift. The Skokomish Gravel, considered by Molenaar and Noble (1970) to be nonglacial alpine fluvial
gravel but interpreted here and by Carson (1979) as alpine outwash, is included in unit Qapo because
it is probably much older than the Olympia nonglacial interval (Carson, 1979); all or parts of this unit
could be pre-Wisconsinan.

The youngest Pleistocene alpine units are Qad, Qao, and Qat and are interpreted here to include the
younger part of the Chow Chow drift of Moore (1965) in the Quinault basin (which constitutes the
moraine impounding Lake Quinault), the Grisdale Il and VI drifts of Carson (1970), a glacial outburst
flood deposit in the West Fork Satsop River, and an unnamed drift in the upper reaches of the
Skokomish River basin. These units were likely deposited at the same time as the Twin Creeks and
Hoh Oxbow drifts (Thackray, 1996) in the Queets and Hoh River basins.

Alpine glacial deposits in this quadrangle are derived almost exclusively from the marine sedimentary
and volcanic bedrock of the interior of the Olympic Peninsula. Beyond the mountain front, other rock
types have been, to a very small degree, incorporated into the alpine deposits. In contrast, continental
glacial deposits characteristically contain granitic and metamorphic rock and abundant polycrystalline
quartz.

Molenaar and Noble (1970) described the continental glacial deposits and provided an overview of the
glacial history of southeastern Mason County in the southern Puget Lowland. Their units included
deposits of Vashon Stade of the Fraser Glaciation and pre—Vashon Stade glacial and nonglacial units.
Carson (1970) mapped the extent of two continental ice advances adjacent to the southern Olympic
Mountains and suggested that the oldest and most extensive of these deposits correlates with the
Salmon Springs Drift near Puyallup. Not until Easterbrook and others (1981) obtained radiometric ages
on the Lake Tapps tephra in the Puget Lowland was it recognized that the Salmon Springs deposits
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were older than previously thought and that at least two glacial advances, the Possession and Double
Bluff, were not represented in the stratigraphy of the Puyallup site. Easterbrook and others (1981)
maintained that because the Possession Drift advanced only as far south as Tacoma, Carson’s
“Salmon Springs” drift is more likely the Double Bluff Drift.
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