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Erie, composed of Jurassic intrusive and Jurassic to Cretaceous sedimentary rocks of the Fidalgo Complex, are visible 
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ground of Mount Baker compose Twin Sisters Mountain, which consists of the Permian to Triassic Twin Sisters Dunite. 
Mount Shuksan (9,127 ft) is visible to the right and behind Mount Baker. The Mount Shuksan massif is composed of Ju
rassic Shuksan Greenschist of the Easton Metamorphic Suite. Peaks to the left of Mount Baker along the skyline consist 
of Permian to Devonian metasedimentary and metavolcanic rocks of the Chilliwack Group. Photograph by Karl W. 
Wegmann. 
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GEOLOGIC MAP OF WASHINGTON-NORTHWEST QUADRANT 
by 

Joe D. Dragovich, Robert L. Logan, Henry W. Schasse, Timothy J. Walsh, William S. Lingley, Jr., 

David K. Norman, Wendy J. Gerstel1, Thomas J. Lapen2
, J. Eric Schuster, and Karen D. Meyers 

1 currently at Washington State Department of Natural Resources, Land Management Division 
2 currently at Department of Geology, University of Wisconsin, Madison, Wisconsin 

INTRODUCTION 

The Geologic Map of Washington-Northwest Quad
rant is the last in a series of four 1:250,000-scale geologic 
maps that together make up the third complete geologic 
map of Washington at a scale of 1 :500,000 or larger pub
lished by the Washington Division of Geology and Earth 
Resources (OGER) and its predecessors. (The first two, 
Culver and Stose, 1936, accompanied by Culver, 1936, 
and Huntting and others, 1961, are out-of-print.) The first 
three quadrants of the third geologic map of Washington 
are available as: Geologic Map of Washington-South
west Quadrant, OGER Geologic Map GM-34 (Walsh and 
others, 1987); Geologic Map of Washington-Northeast 
Quadrant, OGER Geologic Map GM-39 (Stoffel and oth
ers, 1991 ); and Geologic Map of Washington-Southeast 
Quadrant, OGER Geologic Map GM-45 (Schuster and 
others, 1997). 

Separate topographic base maps 

AG-01524, 1434-HQ-97-AG-01809, 98HQAG2062, 
99HQAG0136, OOHQAG0107, and 01HQAG0105. Map
ping on the Olympic Peninsula was funded with grants 
from the Minerals Management Service, Continental Mar
gins Program (subagreement nos. 14-12-0001-30387, 
14-35-0001-30497, and 14-35-0001-30643), and the 
Olympic Natural Resources Center (University of Wash
ington contract nos. 234153 and ONR FY96-165). 

The Geologic Map of Washington-Northwest Quad
rant is a result of the efforts of scores of geologists over 
many decades. The contributions of many of these geolo
gists are acknowledged by citation (see References Cited, 
p. 30) and Sources of Map Data (p. 65). We gratefully ac
knowledge all of those geologists who have made vital 
contributions toward deciphering the complex geology of 
northwestern Washington. 

Rowland W. Tabor (USGS, retired) to whom this pub
lication is dedicated, is the principal author of mapping 

(OGER Topographic Maps TM-1, TM-2, 
and TM-3) are available for the first three 
quadrants (southwest, northeast, and 
southeast), but because the northwest 
quadrant was prepared digitally, a separate 
topographic map was not printed. 

MAP COMPILATION 

The 1 :250,000-scale Geologic Map of 
Washington-Northwest Quadrant was 
compiled chiefly from 1: 100,000-scale 
geologic maps that were prepared by staff 
of the U.S. Geological Survey (USGS) and 
OGER, as noted in Table 1. Other geologic 
studies were used to locally refine the geo
logic map. Many of these studies are shown 
in the Sources of Map Data section. 

Table 1. 1:100,000-scale quadrangle, compiler(s), and chief source report for geo
logic maps in the northwest quadrant of Washington. For the Chelan, Mount Baker, 
Robinson Mountain, Sauk River, Skykomish River, Snoqualmie Pass, and Wenat
chee 1: 100,000-scale quadrangles, the compilers listed below modified the refer
enced map by converting the map-unit symbology to the system used by DGER and 
simplifying the geology for presentation at 1 :250,000 scale. R. W. Tabor (USGS, re
tired) supplied digital geology for the Mount Baker, Sauk River, Skykomish River, 
and Snoqualmie Pass 1: 100,000 quadrangles. Where the report is given as 'digital' 
there has been no conventional geologic map released; instead, the 1:100,000-scale 
geology for these quadrangles is available as digital (Arc/Info) coverages (Washing
ton DGER, 2001) at the address listed inside the front cover of this pamphlet 

ACKNOWLEDGMENTS 

The USGS STATEMAP component of 
the National Cooperative Geologic Map
ping Program supported 1 :24,000-scale 
geologic mapping and the compilation and 
( or) conversion to digital format of several 
1: 100,000 quadrangles under the following 
contracts: 1434-93-A-1176, 1434-94-A-
1258, 1434-95-A-01384, 1434-HQ-96-

Quadrangle 

Bellingham 
Cape Flattery 
Chelan 
Copalis Beach 
Forks 
Mount Baker 
Mount Olympus 
Port Angeles 
Port Townsend 
Robinson 

Mountain 
Roche Harbor 
Sauk River 
Seattle 
Shelton 
Skykomish River 
Snoqualmie Pass 
Tacoma 
Twisp 
Wenatchee 

1 

Compiler(s) (1:250,000) 

J. D. Dragovich 
H. W. Schasse 
J. D. Dragovich 
R. L. Logan 
W. J. Gerstel and W. S. Lingley, Jr. 
D. K. Norman and J. D. Dragovich 
W. J. Gerstel and W. S. Lingley. Jr. 
H. W. Schasse 
H. W. Schasse 
J. D. Dragovich 

R. L. Logan 
H. W. Schasse 
T. J. Walsh 
R. L. Logan 
J. D. Dragovich 
T. J. Walsh and J. D. Dragovich 
T. J. Walsh 
J. D. Dragovich and D. K. Norman 
T. J. Walsh and J. D. Dragovich 

Report (1:100,000) 

Lapen (2000) 
digital 
Tabor and others (1987a) 
digital 
Gerstel and Lingley (2000) 
Tabor and others (in press b) 
digital 
digital 
digital 
R. A. Haugerud and R. W. Tabor 

(USGS, written commun., 2000) 
digital 
Tabor and others (in press a) 
digital 
digital 
Tabor and others ( 1993) 
Tabor and others (2000) 
digital 
Dragovich and Norman (1995) 
Tabor and others ( 1982b) 
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that covers approximately three quarters of the northwest 
quadrant. Over the last 40 years, he has published 28 
peer-reviewed technical books and articles and made doz
ens of presentations at professional conferences. Without 
this work, large parts of the Cascades and Olympics 
would still be poorly understood. In addition, Rowland 
has made a remarkable effort to communicate geology to 
the general public. He has written nine field guides and 
ten books for general audiences. He has also provided 
several detailed reviews of this map. 

Although many individuals are acknowledged below, 
we wish to express our appreciation to two persons who 
have been especially helpful. Edwin H. (Ned) Brown, 
Western Washington University, retired, has shared his re
gional overview of the geology of northwestern Washing
ton and helped prepare the lithotectonic domain map, 
major batholiths and plutons map, P-T diagram, and 
metamorphic facies map associated with this pamphlet 
(see Figs. 4, 5, and 6 on Sheet 3). Weldon W. Rau, OGER, 
retired, in addition to mapping much of the southwestern 
Olympic Peninsula, has supported numerous scientists 
working in the Puget Lowland and Olympic Peninsula 
with reliable foraminiferal age determinations and litho
stratigraphic correlations. 

Many others have contributed to the success of the 
state geologic map project and the publication of this re
port. We gratefully acknowledge their contributions be
low. 

Geologic Field Mapping (DGER staff) 

Garth Anderson 
Andy Dunn 
Lea Gilbertson 
Donald (Mac) McKay 
Bill Phillips 

Michael Polenz 
Jack Powell 
Lorraine Powell 
Pat Pringle 
Karl Wegmann 

Geological Field Mapping (field assistants) 

Jason Cass 
Rex Davis 
Mike Grady 
Marly Grisamer 
Eric Hals 
Jennifer Hayes 
Eric Hines 

Kevin Kelly 
Kaori T. Parkinson 
Gary Petro 
Paul Pittman 
Jason Shutt 
Lisa Stuebing 
Minda Troost 

Geologic Field Mapping 
(DGER Geologic Mapping Support Program) 

R. Scott Babcock, Western Washington University 
Peter E. Bittenbender, University of Texas at Austin 
Arthur R. Campbell, University of Washington 
Cynthia Carlstad, Western Washington University 
Kenneth P Clark, Western Washington University 

and University of Puget Sound 
Bernard E. Dougan, Western Washington University 
David C. Engebretson, Western Washington University 
James E. Evans, Bowling Green State University 
Steven M. Fluke, Western Washington University 
Mark W. Longtine, University of Texas at Austin 

Lynda S. Nicholson, San Jose State University 
E. Troy Rasbury, University of Texas at Austin 
Jeffrey H. Tepper, University of Washington 

Unpublished Geologic Mapping 

M. Clark Blake, Jr., USGS, retired 
Derek B. Booth, University of Washington 
Steven E. Boyer, Charles Wright Academy 
Russell F. Burmester, Western Washington University 
David C. Engebretson, Western Washington University 
Ralph A. Haugerud, USGS 
Samuel Y. Johnson, USGS 
Michael F. McGroder, Exxon Production Research Co. 
Richard J. Stewart, University of Washington 
Kathy Goetz Troost, University of Washington 

Stratigraphy, Structure, and (or) Petrology 
(DGER Geologic Mapping Support Program) 

Sonja Bickel, University of Puget Sound 
Randy C. Bloomquist, San Jose State University 
Ralph L. Dawes, University of Washington 
Kathleen M. Duggan, Western Washington University 
David C. Engebretson, Western Washington University 
Gary K. Hurban, Western Washington University 
Daniel P McShane, Western Washington University 
Lynda S. Nicholson, San Jose State University 
Andrew C. Warnock, Western Washington University 

Unpublished Isotopic Age Data 
(DGER Geologic Mapping Support Program) 

Kathleen M. Duggan, Western Washington University 
David C. Engebretson, Western Washington University 
Edward E. Geary, San Jose State University 
Gary K. Hurban, Western Washington University 
Hugh A. Hurlow, University of Washington 
Richard J. Stewart, University of Washington 
Joseph A. Vance, University of Washington 

Whole-Rock Geochemical Analyses 
(DGER Geologic Mapping Support Program) 

Sonja Bickel, University of Puget Sound 
Mark T. Brandon, Yale University 
Ralph L. Dawes, University of Washington 
David C. Engebretson, Western Washington University 
Edward E. Geary, San Jose State University 

Fossil Identification and (or) Data 

Chuck Blome, USGS 
Elizabeth A. Nesbitt, Burke Museum, 

University of Washington 
Weldon W. Rau, OGER, retired 
Katherine M. Reed, formerly OGER 

Field Trips and Discussions 

Richard J. Blakely, USGS 
Derek B. Booth, University of Washington 
Mark T. Brandon, Yale University 
Darrel S Cowan, University of Washington 



David P. Dethier, Williams College 
Samuel Y. Johnson, USGS 
Kathy Goetz Troost, University of Washington 
Joseph A. Vance, University of Washington 
Ray E. Wells, USGS 

Review of 1:100,000-scale Open-File Reports 

M. Clark Blake, Jr., USGS, retired 
Edwin H. (Ned) Brown, Western Washington 

University, retired 
Matthew J. Brunengo, GeoEngineers 
Donald J. Easterbrook, Western Washington 

University 
Ralph A. Haugerud, USGS 
Hugh A. Hurlow, University of Washington 
Brian J. Kriens, California State University at 

Dominguez Hills 
Robert B. Miller, San Jose State University 
Weldon W. Rau, OGER, retired 
Richard J. Stewart, University of Washington 
Rowland W. Tabor, USGS, retired 
Glenn D. Thackray, University of Washington 

Review of 1:250,000-scale 
Geologic Map and Report 

Derek B. Booth, University of Washington 
Edwin H. (Ned) Brown, Western Washington 

University, retired 
Ralph A. Haugerud, USGS 
Robert B. Miller, San Jose State University 
Richard J. Stewart, University of Washington 
Rowland W. Tabor, USGS, retired 

MAP DESIGN AND STANDARDS 

Base Map 

The base map for Sheet 1 was derived from digital in
formation held in the Washington State Department of 
Natural Resources Geographic Information System data
base. Much of this information was prepared by the USGS 
from USGS 1:24,000- and 1:62,500-scale topographic 
maps. Contours were generated from 10-m digital eleva
tion model data and manually adjusted to fit streams. 
Public land survey and transportation features may have 
been updated using other government records, maps, dig
ital data, and ( or) aerial imagery, particularly from the 
Washington State Department of Transportation and the 
USGS. Hydrography is from the Washington State De
partment of Fish and Wildlife. Most names of cultural and 
natural features are from the USGS Geographic Names 
Information System (GNIS) data files at http://geonames. 
usgs.gov/. Road names and numbers are taken from 
county or municipal maps and DNR, U.S. Forest Service, 
and other government maps where appropriate. The base 
map was not field checked. 

The map projection is Universal Transverse Mercator, 
Zone 10. Horizontal control is derived from the Washing
ton State Plane Coordinate System, south zone, 1927 
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North American Datum. Vertical control is based on the 
National Geodetic Vertical Datum of 1929. 

Geologic Map 

The Geologic Map of Washington-Northwest Quad
rant displays geologic units chiefly by age and lithology, 
not by geologic formations or terranes. Formations are 
shown only for the Grande Ronde Basalt of the Columbia 
River Basalt Group, the Sumas Drift, and the Crescent 
Formation in order to make these important and wide
spread units distinguishable from nearby rocks of similar 
age and lithology. The age of each unit is assigned ac
cording to the flow chart in Figure 1. The age of metamor
phosed units is the protolith age, not the age of metamor
phism. 

A multiple-level scheme of colors, patterns, and map 
symbols has been used to portray the age and lithology of 
geologic units on the 1:250,000-scale geologic map (see 
the key to geologic units on Sheet 1). The first level of de
tail, expressed by broad color ranges. distinguishes six 
general lithologic subdivisions: unconsolidated sedimen
tary deposits, sedimentary deposits and rocks, volcanic 
deposits and rocks, intrusive rocks, low-grade metamor
phic rocks, and high-grade metamorphic rocks. The sec
ond level of detail, expressed by variations of color within 
each broad color range, indicates age. The third level of 
detail, represented by patterns, distinguishes lithologic 
units or small groups of lithologic units. The fourth level 
of detail, represented by symbols, identifies individual 
geologic map units. 

Unit symbols consist of uppercase letters denoting 
age, with youngest first, followed by lowercase letters, 
showing first the general lithologic subdivision, then de
tailed lithologic information. For example, KJigb is the 
symbol for Cretaceous to Jurassic intrusive gabbro. 
Where formations are shown on the map, the symbol in
cludes a subscripted letter. For example, the symbol for 
the Miocene Grande Ronde Basalt is Mv9 . Detailed age 
discriminations are denoted by a subscripted number, 
with the larger number indicating the younger age. In the 
symbols for Tertiary rocks, numeric subscripts denote that 
a unit is either below (subscript 1) or above (subscript 2) a 
regional unconformity. 

Most of the age symbols are based on standard USGS 
age symbols, but because of the prevalence of Tertiary 
rocks in Washington, each Tertiary series has been as
signed a separate age symbol. These Tertiary symbols dif
fer somewhat from draft symbols recently released for re
view by the USGS (U.S. Geological Survey, 2000). 

Because the 1 :250,000-scale map units are age
lithologic units, formations consisting of diverse types or 
ages of rocks are separated into their component litholo
gies and (or) ages and included in more than one map 
unit. To determine all map units (symbols) in which a 
named unit is included, consult the List of Named Units in 
this pamphlet (Table 2, p. 47). 

Positional accuracy of the 1 :250,000-scale geologic 
information is variable. All of the geologic information on 
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UNCONSOLIDATED SEDIMENTS AND 
SEDIMENTARY AND IGNEOUS ROCKS 

Age of unit known? ~ NO 
I 

YES 

+ 
Assign age, generally in the following order: 

• Radiometric age 
• Paleontological data 
• Stratigraphic position 

(intercalation, onlap, unconformity, 
intrusion) 

• Lithostratigraphic or chemical correlation 
• Structural position 

(cross-cutting relations, thrusts, etc.) 

METAMORPHIC AND ULTRAMAFIC ROCKS 

NO Age of protolith known? 

YES 

+ 
Assign age based on whichever is oldest: 

• Radiometric age 
• Paleontological data 
• Lithostratigraphic or chemical correlation 
• Oldest known metamorphism and (or) 

deformation 

• Oldest known igneous intrusion 

Best estimate 

• Stratigraphic position (for example, onlap 
of unmetamorphosed sediment) 

TECTONIC BRECCIAS: The assigned age is the range of included clasts 
rather than the age of the matrix, youngest clasts, or tectonic assembly 

Figure 1. Flow chart for age assignment of geologic units. The entire age range of any given fauna! assemblage is used unless the age of 
the unit is otherwise constrained. 

Sheet 1 was derived directly from or modified from digital 
sources at 1: 100.000 or larger scales, but in many areas 
these data were generalized to improve readability at 
1 :250,000 scale. 

GEOLOGIC PROVINCES AND TERRANES 

The northwest quadrant includes three of the state's 
physiographic provinces-the North Cascades, Puget 
Lowland, and Olympic Mountains (Fig. 2). The North 
Cascades comprises a series of pre-Tertiary accreted ter
ranes, Cretaceous to mid-Tertiary metamorphic and plu
tonic complexes, and Cretaceous to Holocene thrusts and 
high-angle faults. The Olympic Mountains are a mostly 
Tertiary subduction complex comprising underplated 
deep-marine siliciclastic rocks and the overlying marine 
basalt and autochthonous marginal marine basin fill. Be
tween these two provinces lies the Puget Lowland, which 
was invaded repeatedly in Pleistocene time by ice of the 
Cordilleran ice sheet (Fig. 3) that covered the contact be
tween the North Cascades and Olympic Mountains prov
inces with unconsolidated sediments as muc!-i as 1000 m 
thick. 

Most pre-Tertiary rocks in the map area were accreted 
to North America during the Mesozoic and early Tertiary 
and record a long period of terrane amalgamation in the 
Pacific Northwest, the details of which are poorly under
stood. Several of these terranes are far-traveled and dem
onstrate the mobile nature of the lithosphere in the 
circum-Pacific basin. Major Tertiary and pre-Tertiary geo
logic provinces of northwestern Washington State are 
shown on Figure 4 on Sheet 3. 

Because the nomenclature of tectonostratigraphic ter
ranes and lithic assemblages is informal and tends to un
dergo frequent revisions, we avoided these designations 
for most units. For information on terranes and lithic as
semblages in the map area, see Tabor and Cady ( 1978a), 
Whetten and others (1978), Coney and others (1980), 
Monger and others (1982), Engebretson and others 
(1984), Brown (1986, 1987), Brown and others (1987), 
Silberling and others (1987), Tabor (1987, 1994), Tabor 
and others (1987b, 1989, in press a,b), Brandon and oth
ers ( 1988), Brandon and Vance (1992), Snavely and oth
ers (1993), Babcock and others (1994), and Tabor and 
Haugerud (1999). 

FAULTS AND FOLDS 

Major faults in the northwest quadrant of Washington 
are shown on Figure 4 on Sheet 3. 

The Cascade Range and San Juan Islands consist of 
Mesozoic to possibly early Tertiary folded thrust belts cut 
by and (or) rejuvenated as high-angle faults. The Creta
ceous to Eocene Straight Creek fault divides the area into 
eastern domains dominated by high-grade metamorphic 
rocks and western domains composed of unmetamor
phosed and low-grade rocks. 

The Olympic Peninsula consists of a westward
younging accretionary thrust belt ranging from early Ter
tiary to Pliocene or younger (Tabor and Cady, 1978b; 
Palmer and Lingley, 1989). The eastern part of this thrust 
belt was folded into a regional, east-plunging antiform 
during the Miocene (Tabor, 1975). All of these structures 



are cut by Miocene to Holocene 
northeast-trending strike-slip 
faults (Rau, 1979; Gerstel and 
Lingley, 2000). 
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0 50 100 mi 
!-----,--1, .1 r ~-~ 1

1 1--,_l_r+-i~ 
0 50 100 150 km 

The Puget Lowland is cut 
by a series of west- and north
west-trending faults, many of 
which are suspected to be Qua
ternary in age (Danes and oth
ers, 1965; Gower and others, 
1985; Rogers and others, 
1996a,b; Bucknam and others, 
1992; Johnson and others, 
2001). On Sheet 1, we show the 
Seattle fault, the southern 
Whidbey Island fault, the Dar
rington-Devils Mountain fault, 
the northern Whidbey Island 
fault (renamed Utsalady Point 
fault by Johnson and others, 
2001), the Hood Canal fault, 
and other suspected Quaternary 
faults as dotted (that is, covered 
by Quaternary sediments) be-

Figure 2. Major physiographic provinces of Washington (modified from Lasmanis, 1991 ). 
Fainter outline of the Northwest Quadrant is shown for reference. 

cause their identification is 
based on geophysical techniques rather than mapping of 
fault offsets in Quaternary sediments. One of the strands 
of the Seattle fault on Bainbridge Island is shown as a 
solid line, however, because its scarp has recently been 
identified on LIDAR (Light Detection and Ranging) imag
ery and trenched (Nelson and others, 2002). The Saddle 
Mountain East and Saddle Mountain West faults near 
Lake Cushman are also shown as solid because trenching 
studies have demonstrated them to have Quaternary dis
placement (Wilson and others, 1979). Quaternary fault 
offset has been demonstrated at Rocky Point on Camano 
Island (Johnson and others, 2001) and at Vasa Park along 
the southwest shore of Lake Sammamish, but these loca
tions are too small to distinguish at this scale. 
Paleoseismologic studies on many of these geophysical 
lineaments are currently in progress. It is premature to 
show active faults on this map and we defer to the studies 
in progress. 

Several faults that separate bedrock from unconsoli
dated sediments are shown as unconcealed (solid lines) 
on Sheet 1. This usage merely indicates that the fault 
plane is exposed in outcrop and does not necessarily im
ply offset of Quaternary sediments. 

DESCRIPTIONS OF MAP UNITS 

Descriptions of Map Units on Sheet 2 gives a litholog
ic description of each unit on the 1 :250,000-scale geolog
ic map. Units are grouped by major lithologic category. 
Within each lithologic group, map units are addressed in 
order of increasing age. Within each unit description, li
thologies are generally presented in order of decreasing 

abundance. Information concerning the ages and strati
graphic relations of the map units is given in the Ages of 
Map Units (Sheet 3) and this pamphlet (p. 7). 

At the end of each unit description is a list of formally 
or informally named units, if any, that make up the geo
logic map unit. Formally named units included in lexicons 
published by the USGS or in the Geolex database (http:// 
ngmdb.usgs.gov/Geolex/geolex_home.html) are listed 
without citation and with the word 'Formation' or the lith
ologic term capitalized (for example, Vashon Drift). In
formally named units are followed by the citation to the 
work that defines the unit; for these units, the word 'for
mation' or the lithologic term is not capitalized (for exam
ple, rocks of Bulson Creek [Lovseth, 1975]). (Major 
batholith names are considered informal but are not listed 
with references.) If the map unit consists entirely of 
named units, the words 'consists of' are applied to the list 
of names given. If the map unit contains both named and 
unnamed units, the word 'includes' is used. 

Unconsolidated Sediments and 
Sedimentary and Volcanic Rocks 

Unconsolidated sediments are classified according to 
the Udden-Wentworth scale (see Pettijohn, 195 7). Classi
fication of sandstones follows the terminology of Dick
inson (1970). Assignment of volcanic rock names was 
made on the basis of quartz-alkali feldspar-plagioclase
feldspathoid (QAPF) modes or by whole-rock geochemis
try and the total alkali-silica (TAS) diagram (Le Maitre 
and others, 1989). 

Intrusive Rocks 

Intrusive rock names follow the International Union 
of Geological Sciences (IUGS) modal classification (Le 
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Figure 3. A substantial part of the Northwest Quadrant was re
peatedly covered by ice of the Cordilleran ice sheet during Pleis
tocene time, leaving deposits as thick as about 1000 m. The 
approximate southwestern limit of latest Pleistocene ice (Vashon 
Stade of the Fraser Glaciation, about 15,000 years ago) is shown 
here by the thick gray line and in more detail on Sheet 1 (modi
fied from Booth, 1994). 

Maitre and others, 1989). Geologic map units that con
tain a single rock type or are dominated by one rock type 
are given lithologic names such as 'granite' or 'diorite'. 
Geologic map units that contain a mixture of rock types 
are assigned to one of the following generic categories: 
( 1) intermediate intrusive rocks, which include the JUGS 
monzonite, quartz monzodiorite, monzodiorite, quartz di
orite, and diorite fields (for example, unit IDii); (2) basic 
(mafic) intrusive rocks, which include the IUGS gabbro, 
quartz gabbro, monzogabbro, and quartz monzogabbro 
fields and their fine-grained equivalents (for example, 
unit Jib). Major plutons and batholiths in the map area 
are shown on Figure 5 on Sheet 3. 

Metamorphic Rocks 

Metamorphic rocks are divided into low and high 
grades based on metamorphic facies. Low-grade rocks are 
metamorphosed to the greenschist or blueschist facies, 
and high-grade rocks are metamorphosed to the amphib
olite facies or higher (Fig. 6 on Sheet 3). Rare eclogite and 
granulite facies rocks occur among the high-grade meta
morphic rocks in the northern Cascade Range (Brown 
and others, 1982; Misch, 1966), 

Rocks metamorphosed to below the greenschist and 
blueschist facies, such as those metamorphosed to the 
zeolite or prehnite-pumpellyite facies, are categorized as 
non-metamorphic. However, the division between non
metamorphic rocks and low-grade metamorphic rocks in 
the map area is locally problematic, particularly between 
the prehnite-pumpellyite facies and the low-temperature 
blueschist facies. We generally assigned to the blueschist 
facies rocks that contain the blueschist metamorphic in
dex minerals (Na-amphibole, lawsonite, and (or) aragon
ite). However, many geologic units contain only minor or 
rare occurrences of these minerals, making the distinction 
between low-grade and non-metamorphosed rocks un
clear. For example, the Eastern melange belt, which we in
cluded in the low-grade metamorphic rocks, probably 
does not contain lawsonite but probably does contain ar
agonite (Tabor and others, in press a). Conversely, the Fi
dalgo Igneous Complex may contain metamorphic arag
onite in places, but we followed previous work (Brown 
and others, 1981) and assigned it to the non
metamorphic category. 

Low-grade rocks are subdivided into metasediment
ary and metavolcanic rocks, which generally are de
scribed using sedimentary and volcanic names preceded 
by the prefix 'meta'. However, some rocks in the low
grade metamorphic category have undergone extensive 
recrystallization and are assigned metamorphic rock 
names, For example, the rocks of unit Jsh have been re
crystallized to a well-foliated schist and are thus called 
greenschist. 

In some cases, a map unit includes both low-grade 
and high-grade rocks. For example, most of the metamor
phic rocks of the North Cascades Crystalline Core have 
undergone amphibolite-facies metamorphism, but, in 
some areas, metamorphic grade reached only the green
schist facies. We include these rocks in the high-grade 
metamorphic category but acknowledge that low-grade 
rocks prevail in some areas (for example, in areas where 
the Ingalls Tectonic Complex and Cascade River Schist 
are mapped). 

Many rocks in the map area are polymetamorphic. In 
such cases, we assign the grade designation on the basis 
of the last regional metamorphism, which is mostly Creta
ceous and locally early Tertiary in the map area. For ex
ample, the rocks of the Vedder complex (Armstrong and 
others, 1983), which we assigned to the low-grade meta
morphic category (unit pPsh), were subjected to a Per
mian amphibolite-facies metamorphism as well as a Cre
taceous blueschist-facies metamorphism. 

LIST OF NAMED UNITS 

The List of Named Units (Table 2, p. 4 7) is a sum
mary of named geologic units that appear in the geologic 
literature. The list includes all formal and many informal 
unit names that are currently in use or widely recognized. 
Some of the named geologic units are represented on the 
1:250,000-scale geologic map (Sheet 1) by a single sym
bol (age-lithologic unit), whereas other named units are 



represented by two or more symbols. References cited for 
each named unit consist of the citation(s) in which the 
unit was defined, redefined, or extensively reviewed. Lo
cations given for each named unit guide the map user to 
the 1:100,000-scale quadrangle(s) and township(s) and 
range(s) in which the named geologic unit occurs. 

SOURCES OF MAP DATA 

Figures 7 through 14 (p. 65-70) are index maps 
showing the areas covered by the sources of geologic 
mapping data used to compile the 1 :250,000-scale geo
logic map. On each of these index maps, numbered areas 
correspond to abbreviated citations in the figure captions. 
Complete citations are given in the References Cited. 
Shaded areas on Figure 7 show where OGER compilers 
performed original geologic mapping for the state geolog
ic map project. Plate or sheet numbers are specified only 
for reports that contain more than one map plate or sheet. 
Some unpublished maps and contract reports were used 
to compile the 1:250,000-scale geologic map and are 
listed in the References Cited (p. 30). They are available 
for inspection at the Division's Olympia office. 

We used an unpublished map by R. A. Haugerud and 
R. W. Tabor (USGS, written commun., 2000) as the major 
source for the geology we show in the Robinson Mountain 
1: 100,000-scale quadrangle. With this map, Haugerud 
and Tabor significantly modify the stratigraphy of the 
Methow block (Fig. 4 on Sheet 3), present several new in
formal stratigraphic names, redefine some formal 
geologic units, and recommend abandoning some geolog
ic unit names. Information related to emerging Methow 
stratigraphy can be found in Mahoney (1993), Miller and 
others ( 1994), Haugerud and others ( 1996, 2002), 
Mahoney and others (1996), Dragovich and others 
(1997a), Kiessling and Mahoney (1997), Kiessling (1998), 
and Kiessling and others (1999). 

AGES OF MAP UNITS 

The age range for each age-lithologic unit on the 
1:250,000-scale geologic map (Sheet 1) is represented by 
a colored box on the Ages of Map Units on Sheet 3. The 
color, pattern, and unit symbol in each box are the same 
as those used for the unit's map polygons on Sheet 1. Unit 
symbols can be cross-referenced with the Descriptions of 
Map Units (Sheet 2) and the List of Named Units (Table 2, 
p. 47). 

Solid lines on the borders of a box indicate that the 
age range of the unit is well constrained. Dashed lines on 
the borders of a box indicate that the age is poorly con
strained. Queries at the top and (or) bottom of a box 
indicate that the upper and (or) lower age limits are un
certain. 

We have used the geologic time scale of Palmer and 
Geissman (1999) as the basis for this diagram. Provincial 
biostratigraphic stage correlations are from the "Correla
tion of Stratigraphic Units of North America" project of 
the American Association of Petroleum Geologists (Salva
dor, 1985) and were slightly modified to match parts of 
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the time scale of Palmer and Geissman. The age scale on 
this diagram is not linear; scale changes are noted along 
the left side of the diagram. 

For consistency among the four quadrangles of the 
1 :250,000-scale geologic map of Washington, several 
age-lithology symbols from previous quadrangles are re
tained for the northwest 1:250,000 quadrangle, even if 
the symbols are in slight conflict with present usage or 
new data. The absolute age boundaries in Palmer and 
Geissman ( 1999) vary significantly from those used on 
the other 1 :250,000 quadrangles of the state geologic 
map. However, the diagram of Ages of Map Units (Sheet 
3) depicts the best available information. 

Additional information about the ages of map units is 
given below. Formal and informal unit names are printed 
in bold lettering to facilitate cross-referencing with the De
scriptions of Map Units and List of Named Units. Radio
carbon dates are uncalibrated. 

Unconsolidated Sediments 

NONGLACIAL 

0ml Modified land and fill. Age known to be historic. 

Od Holocene dune sand. Age inferred from geomor
phology. 

Ob Beach deposits. Age inferred from geomorphology. 

Ols Landslide deposits. Age inferred from geomor
phology, stratigraphic position, and ages of parent 
materials. Landslides in the Puget Lowland vary 
from presently active to having initiated late in Fra
ser glacial time. 

Op Peat deposits. Age inferred from geomorphology, 
nature of parent materials, and, commonly, strati
graphic position above Fraser-age glacial deposits. 

Oa 

Ooa 

Oc 

Alluvium. Age inferred from geomorphology. Allu
vial deposition may have begun in the late Pleisto
cene, immediately following the latest ice retreat. 

Older alluvium. Age inferred from geomorphology, 
stratigraphic position overlying latest-glacial de
posits, and Mazama ash (6730 ka) in an older allu
vial terrace of the Dungeness River (Schasse and 
Wegmann, 2000). 

Pleistocene continental sediments (includes part of 
the Whidbey and Puyallup Formations and part of 
the Olympia beds). Younger age limit inferred from 
stratigraphic position beneath glacial deposits. 
Base assumed to be no older than Quaternary, al
though possibly correlative with pre-Quaternary 
sediments in the Puyallup Valley (Easterbrook, 
1994). Olympia beds have been radiocarbon
dated at about 15 to 28 ka in the Seattle and Whid
bey Island areas (Armstrong and others, 1965; 
Whetten and others, 1980a) and at 17 ka to less 
than 46 ka in the Tacoma area (Borden and Troost, 
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2001). The Whidbey Formation has been dated 
at 100 to 150 ka by amino-acid racemization and 
thermoluminescense (Easterbrook and others, 
1982; Berger and Easterbrook, 1993). Deposits 
previously mapped as the Puyallup Formation 
near Seattle are reversely magnetized (Hagstrum 
and others, 2002) and inferred to have been de
posited during the Matuyama Reversed-Polarity 
Chron (-0.8 to 1.7 m.y.a.). 

QI Loess. No age information on this map but to the 
southeast probably ranges from early Pleistocene 
to early Holocene based on reversed magnetic po
larities of the lowermost units, tephrochronology, 
and radiocarbon chronology (Reidel and Fecht, 
1994; Busacca and McDonald, 1994). 

GLACIAL 

Continental 

Qgd 5 Undifferentiated glacial drift, Sumas Stade of the 
Fraser Glaciation ( consists of the Sumas Drift). 
Sumas Drift is radiocarbon dated at about 11.3 
ka (Easterbrook, 1962, 1969, 1976; Blunt and oth
ers, 1987) and overlies units Qgo and Qgdm. 

Qgdm Glaciomarine drift (consists of the Deming Sand 
and part of the Everson Glaciomarine Drift). Ever
son Glaciomarine Drift overlies and is locally 
interbedded with the top of Vashon Drift (see unit 
Qgo), underlies Sumas Drift (see unit Qgd 5 ), and is 
radiocarbon dated at about 11.5 to 13.6 ka 
(Easterbrook, 1969; Dethier and others, 1995). 

Qgl Glaciolacustrine deposits (includes part of the 
Vashon Drift undivided). Deposited during the 
Vashon ice occupation; generally overlies till (see 
unit Qgt) and outwash (see unit Qgo) deposits. 

Qgd Undifferentiated glacial drift (consists of part of the 
Vashon Drift undivided and part of the Everson 
Glaciomarine Drift). Vashon Drift, undivided, 
has the same age span as units Qgo, Qgt, Qga, 
Qgo, and Qgdm (-11.3-18.3 ka). 

Qgo Undifferentiated outwash (includes part of the Par
tridge Gravel, part of the Everson Glaciomarine 
Drift, and part of the Vashon Drift undivided). Re
cessional outwash at various locations has been ra
diocarbon dated at about 11.3 to 14.5 ka (Dethier 
and others, 1995, 1996; Dragovich and others, 
1998; Easterbrook, 1968; Heusser, 1973; Pessl 
and others, 1989; Petersen and others, 1983). This 
age span includes deposits of the Everson lnter
stade. 

Qgog Outwash gravel (includes the Arlington Gravel 
Member of the Vashon Drift and part of the Vashon 
Drift undivided). Not directly dated but inferred to 
be generally the proximal part of unit Qgo (-11.3-
14.5 ka). 

Qgos Outwash sand (includes the Stillaguamish and 
Marysville Sand Members of the Vashon Drift. part 
of the Vashon Drift undivided, and part of the Par
tridge Gravel). Not directly dated but inferred to be 
the distal, younger part of unit Qgo (-11.3-14.5 
ka). 

Qgt Till (includes part of the Vashon Drift undivided). 
Based on radiocarbon dates, inferred to be older 
than about 13 ka (Blunt and others, 1987) and 
younger than about 16 ka (Porter and Swanson, 
1998). Unit Qgt has a wider age span in the north
ern than in the southern Puget Lowland. 

Qga Advance outwash (includes the Colvos and Esper
ance Sand Members of the Vashon Drift and part 
of the Vashon Drift undivided). Underlies unit Qgt. 
Reported radiocarbon ages range from about 13.6 
ka (Borden and Troost, 2001) to about 18.3 ka 
(Blunt and others, 1987). 

Qgp Undifferentiated drift of pre-Fraser age (includes 
part of the Salmon Springs Drift). Underlies and 
thus predates Vashon Drift (see units Qga, Qgt, 
Qgd, and Qgo), so is older than about 18.3 ka. 

Alpine 

Qad, Late Wisconsinan alpine drift and outwash (in-
Qao eludes part of the Hoh Oxbow and Twin Creeks 

dnfts, part of the Chow Chow drift, part of the 
Grisdale drifts, and part of the Lakedale and Evans 
Creek Drifts). In the Hoh and Clearwater basins, 
age ranges from about 19.5 to 39 ka based on ra
diocarbon dating (Thackray, 1996; Gerstel and 
Lingley, 2000). Correlations in other parts of the 
Olympic Peninsula are based on geomorphol
ogy and weathering characteristics (Washington 
OGER, 2001). In the Cascade Range, age is esti
mated at 19 to 23 ka by Armstrong ( 1981), at 15 to 
25 ka by Armstrong and others ( 1965), and at less 
than 15 ka by Porter ( 1976), and some deposits 
are capped by Glacier Peak tephra (see unit Qvp), 
dated at about 11 ka (Tabor and others, 1993). 
May include some Holocene alpine glacial depos
its. Locally overlain by unit Qga. 

Qap Early Wisconsinan alpine drift (includes part of the 
Chow Chow drift, the Lyman Rapids drift, part of 
the Grisdale drifts, the drift of Mount Stickney, and 
part of the Kittitas Drift). Age estimated at 55 to 
110 ka in the western Olympic Mountains on the 
basis of geomorphology (Thackray, 1996). Other 
parts of unit Qap in the Olympics are correlated to 
the above ages based on geomorphology and 
weathering characteristics (Washington OGER, 
2001). In the Cascade Mountains, unit Qap is more 
generally interpreted as pre-late Wisconsinan 
based on weathering and geomorphology (Walsh 
and others, 1987). 



Qapo Early Wisconsinan alpine outwash (includes part 
of the Chow Chow drift, the Lyman Rapids 
outwash, the Skokomish Gravel, and part of the 
Kittitas Drift). Age estimated at 55 to 110 ka in the 
western Olympic Mountains on the basis of geo
morphology (Thackray, 1996). Other parts of unit 
Qapo in the Olympics are correlated to the above 
ages based on geomorphology and weathering 
characteristics (Washington OGER, 2001). Porter 
(1976) estimated the Kittitas Drift to be less than 
120 ka on the basis of weathering-rind thicknesses 
on basalt cobbles. Colman and Pierce ( 1981) sug
gested ages of either 65 ka or 140 ka for the 
Hayden Creek Drift and less than 250 ka for the 
Wingate Hill Drift on the basis of weathering-rind 
thicknesses. These units are not shown on this 
map, but are probably correlative to our unit 
Qapo. 

Qapw2 Younger pre-Wisconsinan alpine drift (includes the 
Whale Creek drift, the Humptulips drift, the 
Mobray drift, and part of the Weatherwax forma
tion). Inferred to be latest pre-Wisconsinan, based 
on geomorphology, weathering characteristics, 
and stratigraphic position, and correlated (OGER, 
2001) with the Whale Creek drift at about 140 to 
190 ka (marine oxygen isotope stage 6)(Thackray, 
1996). 

Qapw1 Older pre-Wisconsinan alpine drift (includes the 
Donkey Creek drift, the Wedekind Creek forma
tion, the Wolf Creek drift, and part of the 
Weatherwax formation). Inferred to be pre
Wisconsinan, based on geomorphology, weather
ing characteristics, and stratigraphic position, and 
correlated (OGER, 2001) with Wolf Creek drift, 
which is possibly reversely magnetized and, there
fore, older than 780 ka (Thackray, 1996). Colman 
and Pierce (1981) estimated the Wedekind 
Creek formation to be older than 800 ka based 
on weathering-rind thicknesses on basalt cobbles. 

GLACIAL AND NONGLACIAL 

Qguc Undifferentiated surficial deposits (includes part of 
the Double Bluff, Possession, and Everson Glacio
marine Drifts, part of the Vashon Drift undivided, 
part of the Whidbey Formation, and part of the 
Olympia beds). These undifferentiated deposits in
clude poorly exposed sediments of probable Qua
ternary age. 

Qgpc Deposits of pre-Fraser age, undifferentiated (in
cludes part of the Whidbey and Puyallup Forma
tions, part of the Possession, Salmon Springs, and 
Double Bluff Drifts, and part of the Olympia beds). 
Underlies and thus predates Fraser-age deposits 
(see units Qga, Qgo, Qgt, Qgd, Qgdm, and Qgl), so 
is older than about 18.3 ka. 
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Sedimentary Rocks and Deposits 

TERTIARY 

Pliocene-Miocene 

RMn Nearshore sedimentary rocks (consists of the Qui
nault and Quillayute Formations). Contains Plio
cene and latest Miocene foraminiferal and macro
fossil faunas (Rau, 1975, 1979). 

Miocene 

Mm Marine sedimentary rocks (consists of part of the 
Hoh rock assemblage). Contains foraminiferal fau
nas referable to the Saucesian and Relizian Stages 
(Rau, 1973, 1975, 1979), early to middle Miocene 
macrofossils (Addicott, 1976b), and middle Mio
cene zircon fission-track ages (R. J. Stewart, Univ. 
of Wash., written commun., 1999). 

Mm2 Middle-upper Miocene marine sedimentary rocks 
(consists of the Montesano Formation). The Mon
tesano Formation contains middle and late Mio
cene foraminiferal faunas referable to the Mohnian 
and Delmontian Stages (Rau, 1967). 

Mm1 Lower-middle Miocene marine sedimentary rocks 
(consists of the Astoria Formation). The Astoria 
Formation contains foraminiferal faunas refer
able to the Saucesian through Relizian Stages 
(Rau, 1986). 

Mmst Marine thick-bedded sedimentary rocks (includes 
part of the Hoh rock assemblage). Has yielded fis
sion-track ages ranging from 13. 7 Ma (R. J. Stew
art, Univ. of Wash., written commun., 1999) to 
25.8 Ma (Gerstel and Lingley, 2000) and is inter
bedded with units containing foraminiferal faunas 
referable to the Saucesian and Relizian Stages 
(Rau, 1975, 1979). 

Mn Lower Miocene nearshore sedimentary rocks (con
sists of the Clallam Formation). Contains forami
niferal faunas referable to the Saucesian Stage 
(Rau, 1964, 1981) and molluscan fauna referable 
to the Pillarian Stage (Addicott, 1976a,b, 1981). 

Mc Continental sedimentary rocks (consists of the El
lensburg and Hammer Bluff Formations). The age 
of the Ellensburg Formation in general is brack
eted by the overlying 3.6 to 3. 7 Ma Thorp Gravel 
and the underlying Columbia River Basalt Group 
(see units Mv9 and Mvi 9 )(Schuster and others, 
1997). Campbell and Reidel (1991) place the age 
range of the Ellensburg between about 5 and 16.5 
Ma based on K-Ar ages of interbedded Columbia 
River basalts. On this map, all of the Ellensburg is 
interbedded with Grande Ronde Basalt (see unit 
Mv9 ). The Hammer Bluff Formation in the east
ern Puget Lowland is assigned a Miocene age on 
the basis of fossil leaves and lithologic correlation 
with the Ellensburg (Mullineaux and others, 1959). 
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Mc2 Continental sedimentary rocks ( consists of the 
Blakely Harbor Formation). The Blakely Harbor 
Formation overlies Oligocene rocks of the Blake
ley Formation (see units CDEm and CDEn) and con
tains late Miocene pollen (T. J. Walsh, OGER, 
unpub. data). 

Miocene-Oligocene 

M<Dm Marine sedimentary rocks (consists of the Pysht 
Formation). Contains foraminiferal faunas refer
able to Zemorrian and Saucesian Stages (Rau, 
1964, 1981; Snavely and others, 1980) and mol
luscan fauna referable to the Juanian Stage (Addi
cott, 1976b, 1981). 

Miocene-Eocene 

MEm Marine sedimentary rocks (includes part of the 
Hoh rock assemblage and part of the Western 
Olympic and Grand Valley lithic assemblages). In 
the western Olympic Peninsula, contains foraminif
eral faunas referable to the Narizian (Lingley, 
1995) to Saucesian Stages (R. J. Stewart, Univ. of 
Wash., written commun., 1999) and has produced 
zircon fission-track ages ranging from 18.3 Ma 
(R. J. Stewart, Univ. of Wash., written commun., 
1999) to 47.2 Ma (Gerstel and Lingley, 2000). In 
the east-central Olympic Mountains, fission-track 
ages range from 23.9 to 32.6 Ma (R. J. Stewart, 
Univ. of Wash., written commun., 1999) and the 
unit is interbedded with unit MEmst. 

MEmst Marine thick-bedded sedimentary rocks (includes 
part of the Hoh rock assemblage and part of the 
Grand Valley and Western Olympic lithic assem
blages). In the western Olympic Peninsula, con
tains foraminiferal faunas referable to the Narizian 
or Refugian (Rau, 1979) to Saucesian Stages (R. J. 
Stewart, Univ. of Wash., written commun., 1999) 
and has produced zircon fission-track ages ranging 
from 22.1 to 37.5 Ma (Gerstel and Lingley, 2000). 
In the central Olympic Mountains, has produced 
fission-track ages ranging from 18.8 Ma (Brandon 
and Vance, 1992) to 38.8 Ma (R. J. Stewart, Univ. 
of Wash., oral commun., 2002). 

MEbx Breccia (includes part of the Hoh rock assemblage 
and part of the sandstone of the Sooes River area). 
In the western Olympic Peninsula, contains 
foraminiferal faunas referable to the Ulatisian to 
Relizian Stages (Rau, 1987; Snavely and others, 
1993) and has produced fission-track ages ranging 
from 17.7 Ma (R. J. Stewart, Univ. of Wash., writ
ten commun., 1999) to 48.2 Ma (Brandon and 
Vance, 1992). In the western Olympic Peninsula, 
the matrix is dominantly Miocene, based on 
foraminiferal assemblages (Rau, 1975, 1979). In 
the southeastern Olympic Mountains, structural 
and stratigraphic relations suggest a probable 
Oligocene to Eocene age. 

Oligocene-Eocene 

<DEm Marine sedimentary rocks (includes the Makah and 
Lincoln Creek Formations, the Marrowstone Shale, 
the Quimper Sandstone, part of the Western Olym
pic, Elwha, and Needles-Gray Wolf lithic assem
blages, part of the sandstone of the Sooes River 
area, part of the Hoh rock assemblage, and part of 
the Blakeley Formation). In the Olympic Penin
sula, characterized by foraminiferal faunas refer
able to the Narizian to Zemorrian Stages (Snavely 
and others, 1980, 1993; Tabor and Cady, 1978a; 
Gerstel and Lingley, 2000; Schasse and Logan, 
1998; Schasse and Wegmann, 2000; H. W. 
Schasse and Michael Polenz, OGER, written 
commun., 2002) and megafossils ranging from 
Paleocene to late Eocene (Cady and others, 
1972b; Squires and Goedert, 1997). Has pro
duced fission-track ages typically ranging from 
25.6 Ma (R. J. Stewart, Univ. of Wash., written 
commun., 1999) to 44.6 Ma (Gerstel and Lingley, 
2000). In the Puget Lowland, the Quimper Sand
stone contains foraminiferal faunas referable to 
the Narizian to Zemorrian Stages (Armentrout and 
Berta, 1977), and the Blakeley Formation con
tains foraminiferal faunas referable to the Refugian 
to Zemorrian Stages (Fulmer, 1975). 

<DEmst Marine thick-bedded sedimentary rocks (includes 
part of the Western Olympic, Elwha, and Needles
Gray Wolf lithic assemblages and part of the Hoh 
rock assemblage). Has yielded fission-track ages 
ranging from 29.0 to 47 Ma (R. J. Stewart, Univ. of 
Wash., written commun., 2001) and is interbedded 
with the older part of unit <DEm, which contains 
foraminiferal faunas referable to the Narizian. 

CDEn Oligocene-upper Eocene nearshore sedimentary 
rocks (consists of part of the rocks of Bulson Creek 
and part of the Blakeley Formation). The rocks of 
Bulson Creek contain a molluscan fauna refer
able to the late Eocene or early Oligocene (Marcus, 
1981). Zircons from an ashflow tuff yielded a fis
sion-track age of about 41 to 43 Ma (Lovseth, 
1975; Marcus, 1981). The Blakeley Formation 
near Issaquah contains foraminiferal faunas refer
able to the Zemorrian Stage (Walsh, 1984). 

CD Ee Continental sedimentary rocks ( consists of the 
Huntingdon Formation and part of the rocks of 
Bulson Creek). The Huntingdon Formation is 
upper Eocene to possibly lower Oligocene, based 
on a single pollen analysis (Mustard and Rouse, 
1994). Mustard and Rouse (1994) conclude that 
the Huntingdon is correlative with the Chuckanut 
Formation (see unit Ee), but others (Miller and 
Misch, 1963; Dragovich and others, 1997b) sug
gest that the Huntingdon overlies the Chuckanut 
with angular discordance. For the rocks of Bul
son Creek, see unit CDEn. 



Em 

Eocene 

Marine sedimentary rocks (includes part of the 
sandstone of the Sooes River area and part of the 
Lyre Formation). Contains early Eocene coccoliths 
and foraminiferal assemblages referable to the Re
fugian to Ulatisian Stages or older (Snavely and 
others, 1993). At Point of the Arches, may include 
rocks as old as Cretaceous (Snavely and others, 
1993). 

Middle-upper Eocene marine sedimentary rocks 
(includes the Raging River, Hoko River, and 
Humptulips Formations, the sandstone of Baho
bohosh, the siltstone of Waatch Point, the siltstone 
and sandstone of Waatch quarry, part of the Lyre 
and Aldwell Formations, and part of the sandstone 
of the Sooes River area). East of Point of the 
Arches, Snavely and others (1993) report early Na
rizian to Refugian foraminiferal faunas. The Aid
well Formation contains foraminiferal faunas re
ferable to the late and early Narizian Stage (Rau, 
1964, 1981; Snavely, 1983). Sparse foraminifera 
in the sandstone of Bahobohosh are assigned to 
the Narizian Stage (Snavely and others, 1993). 
The Hoko River Formation has yielded late Na
rizian Stage foraminifera (Snavely and others, 
1980). Foraminifera from the Lyre Formation 
have been referred to the late Narizian Stage 
(Snavely, 1983). Benthic foraminifera from the up
per part of the Raging River Formation are early 
Narizian Stage (Johnson and O'Connor, 1994; 
Vine, 1969; Rau, 1981). Foraminifera from the 
siltstone and sandstone of Waatch quarry 
(probably a facies of the Aldwell Formation) are 
early Narizian Stage (Snavely and others, 1993). 

Lower-middle Eocene marine sedimentary rocks 
(includes the sandstone of Scow Bay, the siltstone 
of Brownes Creek, the basaltic sandstone and con
glomerate of Lizard Lake, the siltstone and sand
stone of Bear Creek, part of the Crescent Forma
tion, and part of the sandstone of the Sooes River 
area). Mollusks in mudflow deposits of the silt
stone and sandstone of Bear Creek are as
signed an early late Eocene to late middle Eocene 
age by W. 0. Addicott, foraminifera considered re
worked from the Crescent Formation are assigned 
to the early Eocene Penutian Stage by W. W. Rau, 
and foraminifera from siltstone beds are assigned 
to the early Narizian and (or) late Ulatisian Stage 
by W.W. Rau (Snavely, 1983; Snavely and others. 
1993). Sedimentary rocks of the Crescent For
mation contain foraminifera referable to the 
Ulatisian Stage (Rau, 1964). Basaltic sandstone 
and conglomerate of Lizard Lake contain 
foraminifera assigned to the late Ulatisian Stage 
(Snavely and others, 1993). Sandstone of Scow 
Bay contains foraminifera assigned to the Ulatis
ian and possibly Penutian Stages (Thoms, 1959; 
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Armentrout and Berta, 1977). Foraminifera from 
rocks east of Point of the Arches are assigned to 
early Narizian and late Ulatisian Stages (Snavely 
and others, 1993). 

Ee Continental sedimentary rocks (includes the 
Chuckanut Formation). A dacite tuff near the top 
of the lowermost member of the Chuckanut For
mation, the Bellingham Bay Member, produced a 
zircon fission-track age of 49.9 Ma (Johnson, 
1982, 1984), and the youngest detrital zircons 
from the base of the Chuckanut produced zircon 
fission-track ages of 55 to 58 Ma (Johnson, 1982, 
1984). The upper members of the Chuckanut For
mation yielded palynomorphs interpreted as mid
dle to late Eocene (Reiswig, 1982). 

Ee2 Middle-upper Eocene continental sedimentary 
rocks (includes the Roslyn, Tiger Mountain, and 
Renton Formations, Puget Group undivided, part 
of the Chumstick Formation, part of the Barlow 
Pass Volcanics, and part of the Naches Formation 
undivided). The Barlow Pass Volcanics have 
produced zircon fission-track ages between 42 and 
46 Ma (Tabor and others, 1984, in press a) and a 
sparse Eocene fossil leaf collection (Spurr, 1901). 
Zircons in tuffs in the Chumstick Formation 
yielded fission-track ages ranging from about 42 to 
49 Ma and detrital zircons yielded ages ranging 
from about 45 to 66 Ma (Tabor and others, 1987a; 
Gresens and others, 1981). Palynomorphs indicate 
a late Eocene age (Newman, 1971, 1975). The Ti
ger Mountain Formation overlies the Raging 
River Formation (see unit Em2), which has Narizi
an foraminifera, and the Tiger Mountain Forma
tion is interbedded with the base of the Tukwila 
Formation (see unit Eve), which is about 41 Ma. 
The Renton Formation conformably overlies the 
Tukwila Formation and contains fossil leaves refer
able to the Kummerian Stage (Vine. 1969; Wolfe, 
1968). Ash beds in coal in the Puget Group 
yielded plagioclase K-Ar and apatite fission-track 
ages ranging from about 41 to 45 Ma (Turner and 
others. 1983; Frizzell and others, 1984). Fossil 
leaves and sparse vertebrate remains indicate a 
middle and (or) late Eocene age for the Roslyn 
Formation (Foster, 1960), and palynomorph as
semblages placed the Roslyn in the middle and late 
Eocene (Newman, 1981). The Roslyn Formation 
conformably overlies the Teanaway Formation 
(see unit Evb), which is about 4 7 Ma. Fossil leaves 
from the Naches Formation indicate an Eocene 
age, and zircon fission-track ages from a rhyolite 
ash-flow tuff and whole-rock K-Ar ages on basalt, 
both low in the Naches section, indicate a 40 to 44 
Ma age. 

Ec1 Lower-middle Eocene continental sedimentary 
rocks (includes part of the Swauk Formation 
undivided). Palynomorph assemblages from the 
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Swauk Formation indicate an early to middle 
Eocene age (Newman, 1975), and zircon fission
track ages from the medial Silver Pass Volcanic 
Member (see unit Evd) mostly indicate 50 to 52 Ma 
ages (Vance and Naeser, 1977; Tabor and others, 
1984). The Swauk Formation is overlain by the Te
anaway Formation (see unit Evb), which is about 
47 Ma. 

Ecg2 Middle-upper Eocene conglomerate and sand
stone (consists of part of the Chumstick Forma
tion). lnterbedded with other rocks of the Chum
stick Formation (see unit Ec2). 

Ecg1 Lower-middle Eocene conglomerate and sand
stone (consists of part of the Swauk Formation un
divided). Interbedded with other rocks of the 
Swauk Formation (see unit Ec1). 

Eocene-Paleocene 

ERm Marine sedimentary rocks (consists of the Blue 
Mountain unit). The Blue Mountain unit con
tains foraminiferal faunas referable to the Penutian 
to Ulatisian Stages (Tabor and Cady, 1978a). 

Kn 

CRETACEOUS 

Marine sedimentary rocks (includes the conglom
eratic strata of Two Buttes Creek, the strata of 
Freezeout Creek of the Harts Pass Formation, 
Harts Pass Formation undivided, the Panther 
Creek Formation, ,Jackita Ridge unit undivided, 
and the strata of Majestic Mountain). The Panther 
Creek Formation contains macrofossils of 
Hauterivian to Albian age (Stoffel and McGroder, 
1990). The Harts Pass Formation, now part of 
the Three Fools Creek sequence (R. A. Haugerud 
and R. W. Tabor, USGS, written commun., 2000), 
conformably overlies the Panther Creek Forma
tion, is unconformably overlain by the Virginian 
Ridge Formation and the Winthrop Formation 
(both Cretaceous), and contains a diverse assem
blage of macrofossils of late Aptian to middle Albi
an age (Stoffel and McGroder, 1990). 

Nearshore sedimentary rocks (includes the Cedar 
District, Protection, Extension, Haslam, and 
Comox Formations and Nanaimo Group undi
vided). The Nanaimo Group contains late 
Campanian and late Santonian fossils (Ward, 
1978; Whetten and others, 1978; Pacht, 1984; 
Mustard and Rouse, 1994). 

Continental sedimentary rocks (consists of Goat 
Wall unit undivided, the Ventura Member of the 
Midnight Peak Formation, Winthrop Formation un
divided, the Slate Peak Member of the Virginian 
Ridge Formation, the strata of Cow Creek of the 
Virginian Ridge Formation, part of the volcanic 
rocks of Three A M Mountain of the Winthrop For
mation, and part of the Midnight Peak Formation 

undivided). The Winthrop Formation is Ceno
manian to Turonian and possibly extends into the 
late Albian because it lies above the Harts Pass 
Formation (see unit Km1 ), contains latest Albian or 
earliest Cenomanian volcanic detritus, and inter
fingers with and overlies the Virginian Ridge For
mation (R. A. Haugerud and R. W. Tabor, USGS, 
written commun., 2000). Dragovich and others 
(1997a) reported U-Pb zircon ages of about 97.5 
Ma for a sill that intrudes Winthrop Formation and 
about 100 Ma for a tuffaceous sandstone in the 
lower part of the Winthrop Formation. Marine 
pelecypods, gastropods, and belemnites indicate a 
Cenomanian age for the Virginian Ridge For
mation (Barksdale, 1975; Trexler, 1985; R. A. 
Haugerud and R. W. Tabor, USGS, written 
commun., 2000). 

Kcg2 Conglomerate (consists of the Devils Pass Member 
of the Virginian Ridge Formation). Same age as 
unit Kc2. 

KJm 

KJn 

Jm 

tn 

Conglomerate (consists of the conglomerate of the 
Harts Pass Formation). Same age as Harts Pass 
Formation; see under unit Km1. 

Marine sedimentary rocks (includes part of the Fi
dalrio Complex). The Fidalgo Complex contains 
radiolarians ranging from Callovian to Tithonian 
(Gusey, 1978; Brandon and others, 1988). Corre
lative sandstones on James Island have yielded lat
est .Jurassic fossils (Garver, 1988), and elastic sedi
ments overlying the predominately igneous por
tion of the complex have produced a single clam of 
latest Jurassic or earliest Cretaceous age (Mulca
hey, 1975). Unnamed rocks east of Ross Lake con
tain fossils ranging in age from Oxfordian to Valan
gin ian (Early Jurassic-Early Cretaceous)(R. A. 
Haugerud and R. W. Tabor, USGS, written com
mun., 2000). 

Nearshore sedimentary rocks (consists of the 
Spieden Group). The Spieden Group contains 
Late Jurassic and Early Cretaceous fossils (John
son, 1981). 

JURASSIC 

Marine sedimentary rocks (consists of the Dewd
ney Creek Formation). The Dewdney Creek For
mation contains Middle Jurassic fossils in the 
Manning Park area north of the map area. 

TRIASSIC 

Nearshore sedimentary rocks (consists of the Haro 
Formation). The Haro Formation contains late 
Triassic fossils (Mclellan, 1927). 



Mixed Volcanic and Sedimentary Rocks 

PALEOCENE-CRETACEOUS 

Fi!Kvs Sedimentary and volcanic rocks, undivided. Rocks 
of the Portage Head-Point of the Arches area con
tain radiolarians indicative of an Early Cretaceous 
age, and sedimentary rocks in this sequence are in
truded by a Paleocene dacite sill (Snavely and oth
ers, 1993). 

CRETACEOUS-JURASSIC 

KJvs Volcanic and sedimentary rocks, undivided (con
sists of part of the Fidalgo Complex). See the Fi
dalgo Complex under unit KJm. 

JURASSIC-PERMIAN 

JPvs Volcanic and sedimentary rocks, undivided (con
sists of the Hozomeen Group). The Hozomeen 
Group contains Early Permian (Tennyson and oth
ers, 1982), Triassic, and Jurassic radiolarians 
(Haugerud, 1985). See Tabor and others (in press 
b) for a probable Pennsylvanian age for part of the 
Hozameen Group. 

Volcanic Deposits and Rocks 

QUATERNARY 

Qvr Rhyodacite to dacite (includes part of the rocks of 
Kulshan caldera undivided). One of the eruptions 
at Kulshan caldera is K-Ar dated at 1.15 Ma (Tabor 
and others, in press b; Hildreth, 1996). 

Qvd Dacite flows (consists of volcanic rocks and depos
its of Glacier Peak undivided and the dacite of Dis
appointment Peak). High-precision K-Ar dates sug
gest that the present cone of Glacier Peak began to 
form about 600,000 yr B.P. (Tom Sisson and 
Marvin Lanphere in Tabor and others, in press a). 

Qvp Pyroclastic deposits (includes Glacier Peak tephra, 
part of the andesite of Black Buttes, and part of the 
White Chuck assemblage). Beget (1981, 1982) rec
ognized at least seven tephra eruptions at Glacier 
Peak, ranging in age from 316 to 12,500 years. 

Qvt Tuff (includes the White Chuck tuff, the ignimbrite 
of Swift Creek, part of the rocks of Kulshan caldera 
undivided, part of the White Chuck fill, and part of 
the White Chuck assemblage). The major caldera
forming eruption at Kulshan caldera is dated at 
1.46 Ma (Hildreth, 1996), and the White Chuck 
tuff of Glacier Peak occurs in the upper part of the 
White Chuck assemblage and is latest Pleisto
cene in age (11-12 ka)(Beget, 1981, 1982). 

Qva Andesite flows (consists of the andesites of Bastile 
Ridge, Coleman Pinnacle, Cougar Divide, Lasio
carpa Ridge, Lava Divide, The Portals, Pinus Lake, 
and Table Mountain, the andesite of Swift Creek, 
andesite of Mount Baker undivided, and part of 
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the andesite of Black Buttes). K-Ar ages range from 
about 9 to 900 ka (Hildreth and Lanphere, 2000; 
Tabor and others, in press b). 

Qvb Basalt flows (consists of the White Chuck cinder 
cone and the basalts of Lake Shannon, Park Butte, 
and Sulphur Creek). Age is based on the degree of 
erosion, stratigraphic relations with tephras and 
11.5 to 19.0 ka glacial deposits (Tabor and others, 
1993, in press a), and K-Ar dates of 94 and 716 ka 
(Tabor and others, in press b). 

Qvl Lahars (includes the Suiattle fill, the White Chuck, 
Kennedy Creek, Dusty Creek, Chocolate Creek, 
and Baekos Creek assemblages, the Lyman lahar, 
the lahar of the Middle Fork Nooksack River, the 
Osceola Mudflow, and part of the White Chuck 
fill). Lahars, pyroclastic deposits, and volcanic 
sediments associated with Glacier Peak consist 
mostly of the late Pleistocene White Chuck as
semblage (11.2-11.8 ka), the mid-Holocene 
Dusty Creek, Kennedy Creek, and Baekos 
Creek assemblages (5.1-5.5 ka), and the late 
Holocene Chocolate Creek assemblage (1.7-
1.8 ka) of Beget (1981, 1982; Dragovich and oth
ers, 1999, 2000a; J. D. Dragovich, OGER, unpub. 
data). Lahars in the Middle Fork Nooksack 
River, associated with Mount Baker, have yielded 
radiocarbon ages of 5. 7 and 6.0 ka (Kovanen, 
1996; Hyde and Crandell, 1978). Radiocarbon 
ages for the Osceola Mudflow range from 5.5 ka 
to 5.8 ka (Crandell, 1971). 

TERTIARY 

Pliocene 

Rv Volcanic rocks (consists of the volcanic rocks of 
Gamma Ridge and part of the Hannegan Volcan
ics). The volcanic rocks of Gamma Ridge at 
Glacier Peak produced zircon fission-track ages of 
between 1.6 and 2.0 Ma (Tabor and others, in 
press a). The Hannegan Volcanics produced 
hornblende K-Ar ages of 3.3 and 3.6 Ma and a zir
con fission-track age of 4.4 Ma (Tabor and others, 
in press b). 

Rvx Volcanic breccia (consists of part of the Hannegan 
Volcanics). Same as unit Rv. 

Miocene 

Mvt Tuff (consists of part of the Fifes Peak Formation). 
Interbedded with other rocks of the Fifes Peak 
Formation (see unit Mva). 

Mva Andesite (includes the Howson andesite, the ande
site of Sugarloaf Peak, and part of the Fifes Peak 
Formation). The Howson andesite produced a 
hornblende K-Ar age of 6.2 Ma (Frizzell and others, 
1984). Radiometric ages from the Fifes Peak For-



14 GEOLOGIC MAP OF WASHINGTON-NORTHWEST QUADRANT 

mation range from 16.9 to 24.2 Ma (Frizzell and 
others, 1984). 

Mv9 Middle Miocene Grande Ronde Basalt (consists of 
Grande Ronde Basalt undivided). Grande Ronde 
Basalt produced K-Ar and 40Ar-39Ar ages of about 
15.6 to 16.9 Ma (Baksi, 1989; Reidel and others, 
1989). 

Mvi 9 Middle Miocene Grande Ronde Basalt invasive 
flows ( consists of the invasive flow of Howard 
Creek of the Grande Ronde Basalt). Same age 
range as unit Mv9 . 

Mvc Volcaniclastic rocks (includes the breccia of Kyes 
Peak and the volcaniclastic rocks of Cooper Pass). 
The volcaniclastic rocks of Cooper Pass un
conformably overlie the lower and middle Eocene 
Swauk Formation (see units Evd and Ec1), and 
several discordant zircon fission-track dates and a 
hornblende K-Ar date suggest a middle and late 
Miocene age (Tabor and others, 2000). The brec
cia of Kyes Peak unconformably overlies the 
Eocene Barlow Pass Volcanics (see units Ec2 and 
Evr)(Tabor and others, 1993). 

Mvc2 Volcaniclastic rocks. Have produced laser fusion 
40Ar-39Ar ages on pumice of 11.4 m.y. (T. J. 
Walsh, OGER, unpub. data) and K-Ar ages of 9.3 
and 14.7 m.y. (Yount and Gower, 1991); corre
lated with unit Mc2 on Bainbridge Island. 

Miocene-Oligocene 

M<Dvt Tuff (consists of the Eagle tuff). The Eagle tuff of 
Yeats ( 1977) unconformably overlies the Barlow 
Pass Volcanics (see unit Evr) (Yeats, 1958a; Tabor 
and others, 1993) and yields zircon fission-track 
ages of 22 to 24 Ma (Vance and Naeser, 1977). 

M<Dva Andesite flows (consists of the volcanic rocks of 
Eagle Gorge). An included rhyodacite tuff pro
duced a zircon fission-track age of 21 Ma (Frizzell 
and others, 1984). 

Oligocene 

<Dvr Rhyolite (includes part of the volcanic rocks of 
Chikamin Creek and part of the volcanic rocks of 
Mount Daniel). The volcanic rocks of Chika
min Creek have produced apatite and zircon fis
sion-track ages of 23 to 28 Ma (Tabor and others, 
1987a). For the volcanic rocks of Mount Dan
iel, see unit <Dvd. 

<Dvd Dacite (includes the volcanic rocks on Garfield 
Mountain, part of the volcanic rocks of Mount 
Daniel, and part of the volcanic rocks of Pioneer 
Ridge). The volcanic rocks of Mount Daniel 
have produced apatite and zircon fission-track 
ages between 25 and 34 Ma; the younger ages may 
be reset (Tabor and others, 1993, 2000). The vol-

canic rocks of Pioneer Ridge overlie granodio
rite of Mount Despair (30-35 Ma)(see unit <Digd) 
and are intruded by tonalite of the Perry Creek 
phase of the Chilliwack composite batholith (23-
25 Ma)(see unit M<Dit)(Tabor and others, 1993). 

<Dvt Tuff (includes the Lake Keechelus tuff member of 
the Ohanapecosh Formation, the tuff of Boundary 
Creek, part of the volcanic rocks of Big Bosom 
Buttes, part of the volcanic rocks of Chikamin 
Creek, and part of the volcanic rocks of Mount 
Daniel). Tabor and others ( 1993) tentatively as
signed an Oligocene age to the volcanic rocks of 
Big Bosom Buttes, which unconformably overlie 
the 30 Ma Pocket Peak phase of the Chilliwack 
composite batholith (see unit <Dig) but appear to be 
intruded by tonalite of the Baker River phase of 
the Chilliwack composite batholith (see unit <Digd), 
which is probably older than 31 Ma (Tabor and 
others, 1993). For the volcanic rocks of 
Chikamin Creek, see unit <Dvr. For the volcanic 
rocks of Mount Daniel, see unit <Dvd. For the 
Ohanapecosh Formation, see unit <Dvc. A zircon 
fission-track age for an unnamed part of unit <Dvt 
near Swauk Pass of about 33 Ma was reported by 
Tabor and others ( 1982b). 

<Dvc Volcaniclastic rocks (includes Ohanapecosh For
mation undivided and the volcanic rocks of Rattle
snake Mountain). The Ohanapecosh Formation 
has produced plant fossils assigned to the 
Kummerian Stage (Wolfe, 1968, 1981; Vine 1969) 
and K-Ar and zircon fission-track ages ranging 
from 25 to 36 Ma (Tabor and others, 1984, 2000; 
Vance and others, 1987; Turner and others, 1983). 

<Dvx Volcanic breccia (includes the breccia of Round 
Lake, the volcanic rocks of Mount Rahm, part of 
the volcanic rocks of Big Bosom Buttes, and part 
of the volcanic rocks of Pioneer Ridge). The brec
cia of Round Lake is thermally metamorphosed 
by the Oligocene Dead Duck pluton (about 26 
Ma)(see unit M<Digd)(Tabor and others, 1988, in 
press a). The volcanic rocks of Mount Rahm 
are intruded by the 22 to 25 Ma Perry Creek phase 
of the Chilliwack composite batholith (see unit 
M<Dit)(Tabor and others, in press b). For the vol
canic rocks of Big Bosom Buttes, see unit <Dvt. 
For the volcanic rocks of Pioneer Ridge, see 
unit <Dvd. 

Oligocene-Eocene 

©Eva Andesite (includes rocks previously called Keeche
lus Andesitic Series). Interbedded with and over
lies the Renton Formation (see unit Ec2) southeast 
of Taylor; interbedded with the base of unit <DEn 
near Issaquah. 

<DEvb Basalt (includes part of the Needles-Gray Wolf, 
Western Olympic, and Elwha lithic assemblages). 



Ev 

Evr 

Evd 

Evt 

Eva 

Evb 

Includes fauna! assemblages referable to the Nariz
ian Stage and is interbedded with and extruded on 
rocks of Oligocene to Eocene age (Tabor and 
Cady, 1978a). 

Eocene 

Volcanic rocks (includes part of the volcanic rocks 
of Mount Persis, part of the Barlow Pass Volcanics, 
and part of the Naches Formation undivided). The 
volcanic rocks of Mount Persis are intruded 
and metamorphosed by the 34 Ma Index batholith 
and have produced a hornblende K-Ar age of 38.1 
Ma (considered a minimum age; Tabor and others, 
1993) and an apatite fission-track age of 47.4 Ma, 
which appears to be too old (Tabor and others, 
1993). The Naches Formation has produced K
Ar and fission-track ages of about 40 to 44 Ma (Ta
bor and others, 1984). For Barlow Pass Volcan
ics, see unit Evr. 

Rhyolite (includes the rhyolite of Hanson Lake, 
part of the Barlow Pass Volcanics, part of the 
Teanaway Formation, part of the Naches Forma
tion undivided, and part of the Crescent Forma
tion). The Naches Formation yielded zircon fis
sion-track ages of about 40 to 45 Ma (Tabor and 
others, 2000). The Barlow Pass Volcanics have 
yielded zircon fission-track ages of 35 to 46 Ma 
from rhyolite tuff (Tabor and others, in press a). 

Dacite (includes the Silver Pass Volcanic Member 
of the Swauk Formation). Zircon fission-track ages 
from the Silver Pass Volcanic Member of the 
Swauk Formation are mostly 50 to 52 Ma (Vance 
and Naeser, 1977; Tabor and others, 1984). 

Tuff (includes the Mount Catherine Rhyolite Mem
ber of the Naches Formation, part of the Crescent 
Formation, and part of the Lyre Formation). The 
Mount Catherine Rhyolite Member of the 
Naches Formation is interbedded with sedimen
tary rocks of the Naches Formation (see unit Ec2). 

Andesite (includes part of the Lyre Formation and 
part of the volcanic rocks of Mount Persis). Ande
site near Anderson Lake is interbedded with sedi
mentary rocks of the upper Eocene Lyre Forma
tion (see unit Em2). For volcanic rocks of 
Mount Persis, see unit Ev. 

Basalt (includes part of the Teanaway and Aldwell 
Formations, part of the Chumstick Formation, part 
of the Naches Formation undivided, and part of 
the sedimentary and basaltic rocks of Hobuck 
Lake). In the central and eastern Olympic Moun
tains, these rocks are interbedded and tectonically 
intercalated with Miocene to Eocene rocks (see 
units MEm and MEmst). In the western Olympic 
Mountains, they are tectonically intercalated with 
unit MEbx. May, in part, be chemically correlative 

Eve 

Jv 
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with lower to middle Eocene Crescent Formation 
(see unit Eve) and upper Eocene Grays River ba
salt (south of the map area) (Lingley and others, 
1996). Coccoliths from the Portage Head-Point of 
the Arches area have been assigned to the early 
Eocene (Snavely and others, 1993). K-Ar determi
nations from the Teanaway Formation indicate 
an age of about 4 7 Ma (Tabor and others, 1984). 

Lower-middle Eocene Crescent Formation (con
sists of part of the Crescent Formation). The Cres
cent Formation contains foraminiferal assem
blages referable to the Penutian to Ulatisian Stages 
(Rau, 1964) and has produced 40Ar-39Ar radio
metric ages of 56.0 to 45.6 Ma (Duncan, 1982). 

Volcaniclastic rocks (includes the Tukwila Forma
tion, part of the sedimentary and basaltic rocks of 
Hobuck Lake, and part of the sandstone of the 
Sooes River area). The Tukwila Formation 
yielded a zircon fission-track age of about 41 Ma 
and a hornblende K-Ar age of about 42 Ma (Turner 
and others, 1983). Foraminifera in the sedimen
tary and basaltic rocks of Hobuck Lake are 
assigned to the late Ulatisian Stage, and coccoliths 
from these beds are assigned to the late middle 
Eocene (Snavely and others, 1993). Foraminifera 
from the area east of Point of the Arches are as
signed to the early Narizian Stage (Snavely and 
others, 1993). 

CRETACEOUS 

Volcanic rocks (consists of the volcanic breccia of 
Mount Ballard of the Virginian Ridge Formation, 
volcanic rocks of the Goat Wall unit, part of the 
Midnight Peak Formation undivided, and part of 
the volcanic rocks of Three A M Mountain of the 
Winthrop Formation). R. A. Haugerud and R. W. 
Tabor (USGS, written commun., 2000) consider 
the volcanic breccia of Mount Ballard time
equivalent to part of the Virginian Ridge Forma
tion (see unit Kc2) and the volcanic rocks of 
Three A M Mountain time-equivalent to part of 
the Winthrop Formation (see unit Kc2). 

JURASSIC 

Volcanic rocks ( consists of part of the Fidalgo 
Complex). Volcanic rocks of the Fida Igo Com
plex are intruded by or unconformably overlie in
trusive rocks of the complex. Field relations with 
other parts of the complex indicate a Jurassic age 
for most of the complex. See the Fidalgo Complex 
under units Ji and KJm. 
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Intrusive Rocks 

TERTIARY 

Pliocene 

Rida Dacite. Similar volcanic rocks at Cady Ridge (see 
unit RMida) have a hornblende K-Ar age of about 5 
Ma (Tabor and others, 1993). 

Rig Granite (includes the granite of Ruth Mountain 
and the granite porphyry of Egg Lake of the Chilli
wack composite batholith). The granite porphyry 
of Egg Lake underlies the Hannegan Volcanics 
(see unit Rv), but also appears to intrude the north
ern fault bounding the Hannegan Volcanics, sug
gesting that the granite porphyry is about the same 
age as the Hannegan Volcanics (about 3.6 Ma). 
The granite of Ruth Mountain is estimated to be 
older than 4.4 Ma based on a nested pluton pat
tern with the quartz monzonite and granite of 
Nooksack Cirque (Tabor and others, in press b) 
(see unit Riqm). 

Riqm Quartz monzonite (consists of the quartz monzo
nite and granite of Nooksack Cirque of the Chilli
wack composite batholith). The quartz monzo
nite and granite of Nooksack Cirque, quartz 
diorite and quartz monzodiorite of Icy Peak (see 
unit Riq), and granite porphyry of Egg Lake (see 
unit Rig) may all be younger than 4.4 Ma and may 
be in part resurgent into the caldera filled with the 
Hannegan Volcanics (Tabor and others, in press b) 
(see unit Rv). 

Rigd Granodiorite (includes the Lake Ann stock of the 
Chilliwack composite batholith and the Cool Gla
cier stock). The Cool Glacier stock produced 
concordant hornblende and biotite K-Ar ages of 
about 4 Ma (Tabor and others, in press a). Biotite 
K-Ar ages from Lake Ann stock and from nearby 
hornfels yielded ages of 2.7 and 2.5 Ma, respec
tively (Tabor and others, in press b). 

Riq Quartz diorite (consists of the quartz diorite and 
quartz monzodiorite of Icy Peak of the Chilliwack 
composite batholith). The quartz diorite and 
quartz monzodiorite of Icy Peak intrude the 
Hannegan Volcanics (see unjt Rv) and are faulted 
against the granite of Ruth Mountain (see unit Rig) 
but are intruded by the quartz monzonite and gran
ite of Nooksack Cirque (see unit Riqm)(Tabor and 
others, in press b). 

Pliocene-Miocene 

RMida Dacite (consists of the volcanic rocks of Cady 
Ridge). Hornblende from a dacite dike that is prob
ably cogenetic with the volcanic rocks of Cady 
Ridge yielded a K-Ar age of about 5 Ma (Tabor 
and others, 1993). 

Miocene 

Mid a Dacite (includes part of the Cloudy Pass batholith). 
See the Cloudy Pass batholith under unit Mit. 

Mian Andesite (includes part of the Cloudy Pass batho
lith). See the Cloudy Pass batholith under unit 
Mit. 

Mig Granite (consists of the granites of western Bear 
Mountain and Depot Creek of the Chilliwack com
posite batholith, the Mineral Mountain pluton of 
the Chilliwack composite batholith, part of the 
Cloudy Pass batholith, part of the Snoqualmie 
batholith undivided, and part of the Chilliwack 
composite batholith undivided). The Mineral 
Mountain pluton yielded zircon U-Pb ages of 
about 6.5 and 7 Ma (Tabor and others, in press b). 

Miqm Quartz monzonite (consists of the quartz 
monzodiorite of Redoubt Creek and part of 
the Chilliwack composite batholith undivided). 
The quartz monzodiorite of Redoubt Creek 
yielded a hornblende K-Ar age of 10.8 Ma. 
Mathews and others (1981) reported a 12 Ma age 
for a stock at the head of McNaught Creek in Can
ada, which is interpreted to be part of the Redoubt 
Creek pluton (Tabor and others, in press b). 

Migd Granodiorite (includes the Ruth Creek pluton of 
the Chilliwack composite batholith, the stock on 
Sitkum Creek, part of the Cloudy Pass batholith, 
and part of the Snoqualmie batholith undivided). 
Biotite and whole-rock Rb-Sr analyses of the Ruth 
Creek pluton define an age of 8. 7 Ma (Tabor and 
others, in press b). Early K-Ar ages substantiated 
the Miocene age of the Snoqualmie batholith; 
new K-Ar ages indicate the age of the northern part 
of the batholith is about 25 Ma, the central part is a 
minimum of about 20 Ma, and the southern part is 
about 18 Ma (Tabor and others, 1993). For the 
Cloudy Pass batholith, see unit Mit. 

Mit Tonalite (includes the Downey Mountain stock, the 
tonalite of Silver Creek, part of the Cloudy Pass 
batholith, part of the Cascade Pass dike, part of 
the Mount Buckindy pluton, and part of the 
Snoqualmie batholith undivided). Hornblende and 
biotite K-Ar ages on the Cloudy Pass batholith 
and associated rocks range from 20 to 23 Ma, with 
slight discordance (Tabor and others, in press a). 
Hornblende and biotite from the Cascade Pass 
dike yielded K-Ar ages of 16 to 19 Ma; concordant 
pairs suggest that the age is about 18 Ma (Tabor 
and others, in press a). K-Ar ages from hornblende 
and biotite pairs of the Mount Buckindy pluton 
are concordant at 16 and 15 Ma, respectively (Ta
bor and others, in press a). The tonalite of Silver 
Creek yielded a concordant K-Ar age of 20 Ma 
from hornblende and biotite (Tabor and others 
1993). , 



Migb Gabbro (consists of the Mount Sefrit gabbronorite 
of the Chilliwack composite batholith). The Mount 
Sefrit gabbronorite of the Chilliwack com
posite batholith yielded a Rb-Sr age of 23 Ma 
(Tepper and others, 1993). 

Mix Intrusive breccia (includes the intrusive breccia of 
Conglomerate Point, the porphyries and breccias 
of Lyall Ridge, part of the Mount Buckindy pluton, 
part of the Cascade Pass dike, and part of the 
Cloudy Pass batholith). See the Cloudy Pass 
batholith and Mount Buckindy pluton under 
unit Mit. 

Miocene-Oligocene 

M<Dian Andesite. Intrudes the Ohanapecosh Formation 
(see unit <Dvc) and probably predates the Snoqual
mie batholith (Tabor and others, 2000). 

M<Dig Granite (includes the granite of Mount Hinman 
of the Snoqualmie batholith, the granite of San 
Juan Creek of the Grotto batholith, part of the 
Snoqualmie batholith undivided, and part of the 
Grotto batholith undivided). See the Snoqualmie 
batholith under unit Migd. 

M<Digd Granodiorite (includes the Monte Cristo stock and 
Dead Duck pluton of the Grotto batholith and part 
of the Snoqualmie batholith undivided). Horn
blende and biotite K-Ar ages from the Monte 
Cristo stock are concordant at about 24 Ma (Ta
bor and others, in press a). The Dead Duck plu
ton yielded concordant K-Ar ages of about 25 and 
27 Ma from two hornblende-biotite pairs and a zir
con fission-track age of 26 Ma (Tabor and others, 
in press a). For the Snoqualmie batholith, see 
unit Migd. 

M<Dit Tonalite (includes the Perry Creek phase of the 
Chilliwack composite batholith, the Hozomeen 
stock, and part of the Grotto batholith undivided). 
K-Ar ages on hornblende and biotite from the 
Perry Creek phase of the Chilliwack compos
ite batholith range from about 22 to 25 Ma (Ta
bor and others, in press b). For the Grotto batho
lith, see unit M<Digb. The Hozomeen stock has 
produced K-Ar ages of 18 and 24 Ma (Tabor and 
others, in press b). 

M<Digb Gabbro (includes part of the Snoqualmie batholith 
undivided and part of the Grotto batholith undi
vided). Hornblende and biotite K-Ar ages from the 
Grotto batholith range from 23 to 27 Ma (Tabor 
and others, 1993). For Snoqualmie batholith, 
see unit Migd. 

M<Dix Breccia (includes part of the Snoqualmie batho
lith undivided). See the Snoqualmie batholith 
under unit Migd. 

AGES OF MAP UNITS 1 7 

Oligocene 

<Dian Andesite (consists of the metaporphyry on Trou
blesome Mountain and part of the volcanic rocks 
of Mount Daniel). Volcanic rocks of Mount 
Daniel have produced an apatite fission-track age 
of 33.5 Ma (Tabor and others, 2000) and zircon fis
sion-track ages of 24.6 to 26. 7 Ma (Tabor and oth
ers, 1993); the younger ages may be reset by the 
intrusion of the Snoqualmie batholith (Tabor and 
others, 1993). The meta porphyry on Trouble
some Mountain is intruded by the Miocene
Oligocene Grotto batholith (Tabor and others, 
1993). 

<Dir Rhyolite (consists of part of the volcanic rocks of 
Mount Daniel). See volcanic rocks of Mount 
Daniel under unit <Dian. 

<Dig Granite (consists of the biotite alaskite of Mount 
Blum and the Pocket Peak phase of the Chilliwack 
composite batholith). K-Ar ages of muscovite and 
biotite from the Pocket Peak phase of the Chil
liwack composite batholith are concordant at 
29.5 and 30.9 Ma, respectively; hornblende from a 
dike cutting the Pocket Peak phase yielded a K-Ar 
age of about 32.5 Ma; the Pocket Peak phase is in
truded by tonalite dikes of the Chilliwack Valley 
phase of the Chilliwack composite batholith (see 
unit <Dit); this pluton continues north of U.S.-Can
ada border as the Mount Rexford quartz monzo
nite, where Richards and Mc Taggart ( 1976) re
ported a K-Ar age from biotite of 26 Ma (Tabor and 
others, in press b). The biotite alaskite of 
Mount Blum sharply intrudes the granodiorite of 
Mount Despair (see unit <Digd) and has yielded two 
biotite K-Ar ages of 29.4 and 30.8 Ma; biotite and 
whole-rock Rb-Sr analyses give ages of about 30 
Ma, and zircon fission-track ages from adjacent 
hornfels are about 20 Ma (Tabor and others, in 
press b). 

<Digd Granodiorite (consists of the Baker River and In
dian Mountain phases of the Chilliwack composite 
batholith, the biotite granodiorite of Little Beaver 
Creek of the Chilliwack composite batholith, part 
of the granodiorite of Mount Despair of the Chilli
wack composite batholith, the Goblin Peak and 
Sunday Creek stocks of the Index batholith, and 
Index batholith undivided). The Indian Moun
tain phase of the Chilliwack composite 
batholith has produced discordant hornblende 
and biotite K-Ar ages of about 26 and 23 Ma, pos
sibly reset by the nearby Chilliwack Valley phase of 
the Chilliwack composite batholith (see unit <Dit). 
Some of the Indian Mountain could be as old as 30 
Ma (Tabor and others, in press b). The grano
diorite of Mount Despair of the Chilliwack 
composite batholith has produced isotope ages 
ranging from about 30 to 35 Ma, a Rb-Sr age of 
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33.5 Ma, and a zircon fission-track age of about 20 
Ma; it is sharply intruded by the 30 Ma biotite 
alaskite of Mount Blum (see unit ©ig)(Tabor and 
others, in press b). Biotite granodiorite of Lit
tle Beaver Creek of the Chilliwack compos
ite batholith has produced hornblende and bio
tite K-Ar ages of about 25 and 23 Ma, respectively, 
and the pluton is intruded by the Perry Creek 
phase of the Chilliwack composite batholith (see 
unit M(l)it)(Tabor and others, in press b). The 
Sunday Creek stock of the Index batholith 
yielded a hornblende K-Ar age of about 33 Ma (Ta
bor and others, 1993. The Index batholith has pro
duced roughly concordant hornblende and biotite 
K-Ar ages of about 34 Ma, zircon U-Pb ages of 
about 34 Ma, and a zircon fission-track age of 33 
Ma (Tabor and others, 1993). See the Index 
batholith under unit (Dig. 

Tonalite (consists of the Chilliwack Valley phase 
of the Chilliwack composite batholith, the tonalite 
of Maiden Lake of the Chilliwack composite 
batholith, the heterogeneous tonalite and grano
diorite of Middle Peak of the Chilliwack composite 
batholith, the Silesia Creek pluton of the Chilli
wack composite batholith, the Shake Creek stock, 
and part of the Squire Creek stock undivided). The 
Chilliwack Valley phase of the Chilliwack 
composite batholith yielded two K-Ar horn
blende ages of about 24 and 27 Ma and a biotite 
age of 26 Ma; the Chilliwack Valley phase intrudes 
the 30 Ma Pocket Peak phase (see unit (Dig) and 
the 34 Ma gabbro of Copper Lake (see unit ©ib) 
(Tabor and others, in press b). The Silesia Creek 
pluton of the Chilliwack composite batho
lith has produced concordant hornblende and bi
otite K-Ar ages of about 30 Ma (Tabor and others, 
in press b). The tonalite of Maiden Lake of the 
Chilliwack composite batholith has produced 
a concordant zircon age of 29 Ma; Tabor and oth
ers (in press b) tentatively include it in the 
Chilliwack composite batholith. The Squire 
Creek stock on Vesper Peak has produced a 
whole-rock K-Ar age of 32. 7 Ma (Tabor and others, 
in press a). The main body of the Squire Creek 
stock yielded a concordant K-Ar age of about 35 
Ma and a zircon U-Pb age of about 35 Ma (Tabor 
and others, in press a). 

Quartz diorite (consists of the Price Glacier pluton 
of the Chilliwack composite batholith and part of 
the Squire Creek stock undivided). The Squire 
Creek stock at Granite Lake yielded poorly re
producible K-Ar hornblende ages of about 37 Ma 
and a zircon fission-track age of about 30 Ma (Ta
bor and others, in press a). 

Intermediate intrusive rocks (consists of part of the 
granodiorite of Mount Despair of the Chilliwack 
composite batholith). Agmatite is associated with 

the granodiorite of Mount Despair (see unit 
(l)igd). 

©ib Basic (mafic) intrusive rocks (consists of the gab
bro of Copper Lake of the Chilliwack composite 
batholith, the diorite of Ensawkwatch Creek of the 
Chilliwack composite batholith, and part of the 
Chilliwack composite batholith undivided). A 
three-point Rb-Sr isochron for the gabbro of 
Copper Lake gives an age of 34 Ma (Tepper, 
1991), which is supported by intrusion of the gab
bro of Copper Lake by tonalite of the 26 Ma 
Chilliwack Valley phase of the Chilliwack compos
ite batholith (see unit ©it) (Tabor and others, in 
press b). 

Oligocene-Eocene 

(l)Eida Dacite (consists of the Sauk ring dike). The Sauk 
ring dike yielded a poorly reproducible K-Ar 
hornblende age of 37 Ma, another K-Ar horn
blende age of about 40 Ma, and a zircon fission
track age of 32 Ma (Tabor and others, in press a). 

(l)Eian Pyroxene andesite ( consists of rocks formerly 
called the intrusives of the Keechelus Andesitic Se
ries). This unit intrudes the top of the Renton For
mation (see unit Ec2) and is inferred to correlate 
with lava flows that intrude the Renton Formation 
(Walsh, 1984). 

Eocene 

Ei Dikes, undivided. Dikes crosscut Eocene rocks, are 
younger than earliest Tertiary metamorphism, are 
related to Eocene faulting and nearby Eocene in
trusive bodies, and few cut the Miocene Cloudy 
Pass batholith (Cater, 1982). 

Eir Rhyolite (includes the porphyritic dacite of Basalt 
Peak and the dacite of the Old Gib volcanic neck). 
By correlation with similar rhyolite flows 
interbedded with lower Roslyn Formation (see unit 
Ec2), rhyolite intrusions into the base of the Roslyn 
Formation are presumed slightly younger than 
Teanaway Formation (see unit Evb), which is older 
than about 47 Ma. The dacite of the Old Gib 
volcanic neck produced K-Ar ages of 44 Ma 
(Dragovich and Norman, 1995) and 45 Ma (Cater 
and Crowder, 1967; Engels and others, 1976). The 
porphyritic dacite of Basalt Peak is considered 
by Cater ( 1982) to be identical to the dacite of the 
Old Gib volcanic neck. 

Eian Andesite. Unnamed intrusions southwest of Issa
quah are inferred to be subvolcanic intrusions 
feeding the Tukwila Formation (42 Ma)(see unit 
Evc)(Turner and others, 1983). 

Eib Basic (mafic) intrusive rocks (includes basaltic 
plugs and dikes of Chiwawa River, part of the Cres
cent Formation, and part of the Teanaway dike 



swarm). Silicified basic intrusive rocks are mapped 
within the Crescent Formation (see unit Eve) by 
Snavely and others ( 1993). The age of basaltic 
plugs and dikes of Chiwawa River is uncertain, 
but the dikes probably intrude Eocene Chumstick 
Formation (see unit Ec2)(Cater and Crowder, 
196 7) and appear to be related to other hypabys
sal intrusive rocks assigned to the Eocene and Mio
cene (Dragovich and Norman, 1995). 

Eig Granite (consists of the Golden Horn batholith, the 
Monument Peak stock, the Mount Pilchuck stock, 
and the Rampart Mountain pluton). Hornblende 
and biotite K-Ar ages and U-Pb zircon ages for the 
Golden Horn batholith range from 46 to 48 Ma 
(Misch, 1964; Hoppe, 1984; Miller and others, 
1989). Tabor and others ( 1968) reported a biotite 
K-Ar age for the Monument Peak stock of 4 7. 9 
Ma. The Mount Pilchuck stock has concordant 
biotite and muscovite K-Ar ages of 49 Ma, a zircon 
fission-track age of about 45 Ma, and a three-point 
strontium isochron indicating a crystallization age 
of 44.3 Ma (Tabor and others, in press a). The 
Rampart Mountain pluton intrudes the Eocene 
Larch Lakes pluton (see unit Eigd) and the Late 
Cretaceous Entiat pluton (see units Kid and Kit) 
and is intruded by probable Miocene to Eocene 
dikes (Dragovich and Norman, 1995). 

Eigd Granodiorite (includes the Fuller Mountain plug, 
the Granite Falls stock and associated plutons, the 
Railroad Creek pluton, the Larch Lakes pluton, the 
Castle Peak stock, and the biotite granodiorite and 
granite near Holden). Concordant hornblende and 
biotite K-Ar ages place the Castle Peak stock at 
about 50 Ma (Tabor and others, 1968). A horn
blende K-Ar age for the Fuller Mountain plug 
was about 47 Ma (Tabor and others, 1993). The 
Granite Falls stock has produced a minimum 
hornblende K-Ar age of about 44 Ma (Tabor and 
others, in press a). The Railroad Creek pluton 
yielded hornblende and biotite K-Ar ages of 42.6 
and 43.7 Ma, respectively (Engels and others, 
1976). The Larch Lakes pluton intrudes the Cre
taceous Entiat pluton (see unit Kit), is cut by 
Eocene dikes, and is probably Eocene (Cater, 
1982). Preliminary U-Pb monazite age data sup
port Cater's interpretation (R. B. Miller, San Jose 
State Univ., written commun., 2002). 

Eit Tonalite (includes the hornblende biotite tonalite 
near Holden and part of the Copper Peak and 
Holden Lake plutons). Copper Peak and Holden 
Lake plutons are intruded by the late Eocene 
Duncan Hill pluton (see unit Eiq)(Dragovich and 
Norman, 1995). The hornblende biotite 
tonalite near Holden intrudes the Late Creta
ceous Cardinal Peak pluton (see unit Kit), is cross
cut by dikes associated with the Eocene Railroad 
Creek pluton (see unit Eigd), and is overprinted by 

Eiq 
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a metamorphic fabric that Haugerud and others 
( 1991) attribute to middle Eocene deformation 
(Dragovich and Norman, 1995). 

Quartz diorite (includes the Duncan Hill pluton). 
Hornblende and biotite K-Ar ages for the Duncan 
Hill pluton range from 45 to 48 Ma; zircons yield 
roughly concordant U-Th-Pb ages of about 48 Ma 
(Tabor and others, 1987a). 

Eigb Gabbro (includes the diabase of Camas Land, part 
of the Crescent Formation, part of the Barlow Pass 
Volcanics, and part of the Teanaway dike swarm). 
See the Barlow Pass Volcanics under unit Ec2. 

Paleocene 

Rit Tonalite ( consists of the Oval Peak pluton). The 
Oval Peak pluton produced zircon U-Pb ages of 
about 65 Ma (Miller and Bowring, 1990) and a ti
tanite U-Pb age of 65.3 Ma (Miller and Walker, 
1987). 

PRE-TERTIARY 

pTigd Granodiorite and granite (consists of the Bald 
Mountain pluton). Zircon U-Th-Pb ages from the 
Bald Mountain pluton suggest crystallization or 
recrystallization at about 50 to 55 Ma, nearly 
equivalent to the nearby compositionally similar 
Mount Pilchuck stock (see unit Eig), but much 
older 207pbj206pb ages of about 120 Ma indicate 
either a Pb component from xenocrystic zircons or 
that the Bald Mountain pluton is older and has 
been intruded by the Mount Pilchuck stock. Tex
tures and field relations indicate that the Bald 
Mountain pluton is older than the Mount Pilchuck 
stock (Tabor and others, in press a; Tabor and oth
ers, 1993) and probably pre-Tertiary. 

pTigb Gabbro (consists of the Money Creek gabbro and 
part of the Western melange belt). Tabor and oth
ers (1993) conclude that the Money Creek gab
bro is older than the Snoqualmie batholith. Ages 
are uncertain, but most are altered by the Snoqual
mie batholith. 

TERTIARY-CRETACEOUS 

TKig Granite pegmatite (consists of the Sisters Creek 
pluton and part of the Skagit Gneiss Complex un
divided). The well-defined metamorphic fabric of 
the Sisters Creek pluton and granite gneiss of 
the Skagit Gneiss Complex indicates that they 
are probably pre- to syn-metamorphic plutons of 
mid- to Late Cretaceous or earliest Tertiary age 
(Tabor and others, 1994; Dragovich and Norman, 
1995). 

TKi Intrusive rocks (consists of the Ruby Creek hetero
geneous plutonic belt). Zircons from the Ruby 
Creek heterogeneous plutonic belt yielded a 
U-Pb age of 48 Ma (Miller and others, 1989). R. A. 
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Haugerud and R. W. Tabor (USGS, written com
mun., 2000) indicate that much of the piutonic belt 
is Tertiary to Cretaceous (Misch, 1966) and con
sists mostly of intrusive rocks from the Golden 
Horn batholith (see unit Eig) and Black Peak bath
olith (see unit Kit). 

CRETACEOUS 

Kiaa Alaskite pegmatite ( consists of part of the Entiat 
pluton). See the Entiat pluton under unit Kit. 

Kigd Granodiorite (consists of the Buck Creek and High 
Pass plutons, the Foam Creek stock, the Cyclone 
Lake, Downey Creek, and Jordan Lakes piutons, 
the Beckler Peak stocks of the Mount Stuart 
batholith, the Hidden Lake stock, the stock near 
Tamarack Peak, the stock south of Early Winters 
Creek, the Lost Peak and Pasayten stocks, the 
Rock Creek stock, part of the Sulphur Mountain 
pluton, and part of the Mount Stuart batholith un
divided). The Jordan Lakes pluton yielded zir
con U-Pb and Pb-Pb ages of about 74 and 90 Ma, 
respectively; hornblende yielded a 74 Ma K-Ar 
age, but biotite K-Ar ages ranged from about 58 to 
61 Ma (Tabor and others, in press a). Walker and 
Brown ( 1991) favor an intrusive age of about 73 to 
74 Ma. The Cyclone Lake pluton yielded a mus
covite K-Ar age of about 5 7 Ma and biotite K-Ar 
ages of 27 to 28 Ma, considerably younger than 
the hornblende and biotite ages from the contem
poraneous Jordan Lakes pluton. These younger 
cooling ages reflect the greater depth of intrusion 
for the exposed part of the Cyclone Lake pluton 
(Tabor and others, in press a). The Foam Creek 
stock produced K-Ar ages of 29 to 78 Ma; the old
est age, a muscovite age, apparently represents the 
minimum age of metamorphism (Tabor and others, 
in press a). The High Pass pluton intrudes the 93 
to 94 Ma Sulphur Mountain pluton (see below), 
and uplift produced K-Ar cooling ages of biotite of 
54 to 59 Ma and of hornblende of 59 to 72 Ma (Ta
bor and others, in press a). Hurlow (1992) ob
tained concordant U-Pb ages of about 85 Ma for 
the High Pass pluton. The Beckler Peak stocks 
of the Mount Stuart batholith intrude the Mesozoic 
Tonga Formation (see unit l'vlzsc) and produced bi
otite K-Ar ages of about 89 and 92 Ma, a horn
blende K-Ar age of about 86 Ma, an apatite fission
track age of 42 Ma, allanite fission-track ages of 84 
and 98 Ma, and an epidote fission-track age of 83 
Ma (Engels and Crowder, 1971). Zircons from the 
Sulphur Mountain pluton produced U-Pb ages 
of about 96 Ma (Walker and Brown, 1991) and K
Ar ages of biotite and hornblende from about 55 to 
72 Ma; hornblende is consistently older than bio
tite and the ages probably reflect cooling (Walker 
and Brown, 1991; Tabor and others, in press a). 
See the Mount Stuart batholith under unit Kit. 

Kit 

Kiq 

Kid 

Tonalite (includes Black Peak batholith undivided, 
the Reynolds Peak phase of the Black Peak 
batholith, the stock near Fortune Creek, the Grassy 
Point stock, the Seven Fingered Jack pluton, the 
Clark Mountain pluton, the Dirtyface pluton, the 
Tenpeak pluton, the tonalite of Harding Mountain 
of the Mount Stuart batholith, part of the Cardinal 
Peak and Entiat plutons, and part of the Mount 
Stuart batholith undivided). The Paleocene gneiss 
of War Creek (see unit Rog) intrudes and contains 
inclusions and screens of the Reynolds Peak 
phase of the Black Peak batholith, which is 
about the same age as the main phase. The main 
phase of the Black Peak batholith produced a 
90-Ma zircon U-Pb age (Hoppe, 1984) and a 90-
Ma hornblende K-Ar age (Misch, 1964). The Car
dinal Peak pluton produced biotite K-Ar ages of 
about 57 Ma, muscovite K-Ar ages of about 59 Ma 
(Dawes, 1991), a zircon U-Pb age of about 75 Ma 
(Miller and others, 1989), and mildly discordant U
Pb zircon ages of 72 to 79 Ma (Haugerud and oth
ers, 1991). A biotite K-Ar age was about 77 Ma 
(Engels and others, 1976) and hornblende K-Ar, 
Ar-Ar, and zircon U-Pb ages were about 91 to 93 
Ma for the Tenpeak pluton (Walker and Brown, 
1991). The Entiat pluton produced K-Ar and U
Pb ages that indicate uplift in the Eocene and a 
crystallization age of about 75 to 85 Ma (Tabor and 
others, 1987a). The Seven Fingered Jack 
pluton, a continuation of the Entiat pluton, in
trudes the Triassic Dumbell Mountain pluton (see 
unit "J;og) and is intruded by probable Eocene 
dikes (Dragovich and Norman, 1995). The Mount 
Stuart batholith has isotopic ages, which indi
cate that the age of the eastern pluton is about 93 
Ma (Walker and Brown, 1991) and the western 
pluton about 85 Ma (Tabor and others, 1993). The 
tonalite of Harding Mountain of the Mount 
Stuart batholith has produced concordant 
hornblende and biotite K-Ar ages of about 88 Ma 
(Tabor and others, 1993). 

Quartz diorite (includes part of the Cardinal Peak 
pluton and part of the Chaval pluton). See the 
Cardinal Peak pluton under unit Kit. Zircon U
Pb ages from the Chaval pluton and its dikes are 
about 92 to 94 Ma (Walker and Brown, 1991). 

Diorite (includes the Lightning Creek stocks, part 
of the Entiat pluton, and part of the Mount Stuart 
batholith undivided). The Entiat pluton intrudes 
the Triassic Dumbell Mountain pluton (see unit 
"J;og) and is intruded by probable Eocene dikes; K
Ar and U-Pb ages are variable but generally indi
cate uplift in the Eocene and a crystallization age 
of about 75 to 85 Ma (Hurlow, 1992; Mattinson, 
1972; Tabor and others, 1987a). See the Mount 
Stuart batholith under unit Kit. 



Kigb Gabbro (consists of the Riddle Peaks pluton and 
part of the Mount Stuart batholith undivided). The 
Riddle Peaks pluton is probably the same age as 
the Late Cretaceous Cardinal Peak pluton (see unit 
Kit)(Dragovich and Norman, 1995; Cater, 1982). A 
gabbro of the Mount Stuart batholith has pro-
duced concordant zircon U-Th-Pb ages of about 96 
Ma (Tabor and others, 1987a). 

CRETACEOUS-JURASSIC 

KJigb Gabbro (includes the Skymo complex). The Por-
tage Head-Point of the Arches area has produced 
a hornblende K-Ar age of about 144 Ma (Snavely 
and others, 1971) and zircon fission-track ages of 
about 90 and 93 Ma (R. J. Stewart, Univ. of Wash., 
written commun., 1999). The Skymo complex is 
metamorphosed and locally includes leucosomes 
typical of the Skagit Gneiss Complex. Its age is 
possibly Eocene (Baldwin and others, 1997). How-
ever, a tentative Sm-Nd mineral/whole rock iso-
chron for one sample suggests that the Skymo 
complex may be Tertiary (Baldwin and others, 
1997). 

JURASSIC 

Ji Intrusive rocks, undivided (consists of part of the 
Fidalgo Complex). Three U-Pb zircon ages from 
the Fidalgo Complex range from 160 to 170 Ma, 
and the oldest radiolarian ages in overlying sedi-
mentary rocks are Callovian (Middle Jurassic) 
(Lapen, 2000). Brown and others ( 1979) reported 
a 155 Ma K-Ar age (whole rock) and Whetten and 
others (1978) obtained a U-Pb age (zircon) of 167 
Ma, both on trondhjemites. See also unit KJm. 

Jit Tonalite (consists of part of the Eastern melange 
belt undivided, part of the Western melange belt, 
and part of the Helena-Haystack melange). Tona-
lite of the Eastern melange belt produced zircon 
207pb/206pb ages of 62 to 77 Ma (Tabor and oth-
ers, 1993), which may be partially reset; the 
tonalite component of the Eastern melange belt is 
considered to have an Early Jurassic protolith age 
(Tabor and others, 1993). See the metagabbros of 
the Eastern melange belt under unit Jigb. U-Th-Pb 
zircon ages range from 150 to 170 Ma for four 
metatonalite-metagabbro masses in the Western 
melange belt (Tabor and others, 1993, in press 
a). Tonalite in the Helena-Haystack melange 
produced concordant zircon U-Pb ages of about 
150 Ma, and a conventional K-Ar hornblende age 
from amphibolite is 141 Ma, which is probably a 
minimum age (Tabor, 1994; Tabor and others, in 
press a). See Helena-Haystack melange amphibo-
lites and metagabbros under units Jam and Jigb, 
respectively. 

Jib Basic (mafic) intrusive rocks (consists of the 
Esmeralda Peaks diabase of the Ingalls Tectonic 

Jigb 

1'iq 

l'v1z8i 

IPi 

AGES OF MAP UNITS 21 

Complex, the Fourth Creek gabbro, the Hawkins 
Formation, part of the Eastern melange belt undi
vided, part of the Western melange belt, and part 
of the Ingalls Tectonic Complex undivided). On 
the basis of isotopic ages of gabbro and radiolar
ians in chert, components of the Ingalls Tectonic 
Complex are inferred to be Late Jurassic in 
(protolith) age (Miller and others, 1993b). Gabbro 
in the Ingalls Tectonic Complex has produced a 
Late Jurassic zircon U-Pb 155 Ma age (Southwick, 
1974; Tabor and others, 1987a; Miller and others, 
1993b). U-Pb age is discordant, and probable crys
tallization is between 154 and 162 Ma, with the 
older age more likely based on radiolarian ages in 
overlying cherts (Miller and others, 1993b; R. B. 
Miller, San Jose State Univ., written commun., 
2002). Vance and others (1980) suggest a Middle 
and Late Jurassic age for original igneous crystalli
zation of mafic and ultramafic rocks of the East
ern melange belt (Tabor and others, 1993, in 
press a). 

Gabbro (consists of part of the Fidalgo Complex, 
part of the Helena-Haystack melange, part of the 
Easton Metamorphic Suite, and part of the Eastern 
melange belt undivided). See Eastern melange 
belt under units Jit and Jib. See Fidalgo Com
plex under units Ji and KJm. Three nearly con
cordant Jurassic U-Pb ages of 160 to 170 ma were 
obtained from Helena-Haystack melange 
(Whetten and others, 1980a,b, 1988; Dragovich 
and others, 1998). See Helena-Haystack melange 
under units Jam, Jit, and Jmv. 

TRIASSIC 

Quartz diorite (consists of the Magic Mountain 
Gneiss and part of the Marblemount pluton). A 
muscovite K-Ar age of about 94 Ma from the 
Marblemount pluton (formerly Marblemount 
Meta-Quartz Diorite) probably represents the age 
of metamorphism (Tabor and others, in press b). 
Concordant zircon U-Pb ages indicate a Late Trias
sic crystallization age of 220 Ma (Mattinson, 1972; 
Tabor and others, in press a). 

MESOZOIC-PALEOZOIC 

Intrusive rocks. Several mappable metagabbros 
and metatonalites intruded rocks of the Chilliwack 
Group and Cultus Formation (Tabor and others, in 
press b). Zircon from one of the hornblende tonal
ites yielded slightly discordant U-Th-Pb ages of 
about 370 to 400 Ma (Early Devonian), and horn
blende had a K-Ar age of about 406 Ma (Tabor and 
others, in press a). 

PENNSYLVANIAN 

Intrusive rocks (includes part of the Trafton se
quence). Metatonalite blocks in the Trafton se
quence are at least as old as Pennsylvanian (320 
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pDi 

Ma) based on U-Th-Pb ages (Tabor and others, in 
press a). Quartz diorite of the Trafton sequence 
yielded a concordant U-Pb protolith age of 315 to 
320 Ma (Whetten and others, 1988). 

PRE-DEVONIAN 

Intrusive rocks (includes the Turtleback Complex 
and part of the Yellow Aster Complex). The 
Turtleback Complex has yielded ages of 554 Ma 
for hornblende K-Ar in metagabbro (Whetten and 
others, 1978) and 507 Ma for zircon U-Pb in tonal
ite (Brandon and others, 1988). Mattinson (1972) 
suggests an intrusive age of 460 Ma, and Whetten 
and others (1978) suggest an intrusive age of 471 
Ma. 207Pb/206pb in zircon indicates a minimum 
age of Early Devonian (Whetten and others, 1978; 
Brandon and others, 1988). For the Yellow Aster 
Complex, zircon from hornblende tonalite yielded 
slightly discordant U-Th-Pb ages of about 370 to 
400 Ma, and hornblende had a K-Ar age of about 
406 Ma (Tabor and others, in press a. Zircons from 
a metatonalite yielded discordant U-Pb ages of 
about 330 to 390 Ma (Tabor and others, in press 
b). Also see Yellow Aster Complex under unit 
pDgn. 

Mixed Metamorphic and Igneous Rocks 

CRETACEOUS-JURASSIC 

KJmi Mixed metamorphic and igneous rocks (consists of 
the tonalite of Doe Mountain of the Remmel 
batholith and the tonalite of Bob Creek). Biotite K
Ar dates for the tonalite of Bob Creek are about 
100 Ma (R. A. Haugerud and R. W. Tabor, USGS, 
written commun., 2000). The tonalite of Doe 
Mountain yielded both concordant and discor
dant K-Ar biotite and muscovite ages, and a proba
bly genetically related dike yielded concordant bi
otite and muscovite K-Ar ages that indicate an up
lift and cooling age of about 95 Ma. Hurlow and 
Nelson (1993) report Cretaceous to Late Jurassic 
U-Pb and Pb-Pb ages. Late Jurassic and Early Cre
taceous U-Pb zircon ages have also been reported 
from compositionally similar intrusions in the Ea
gle plutonic complex of southern British Columbia 
(Stoffel and McGroder, 1990). 

Ultramafic Rocks 

PRE-TERTIARY 

pTu Ultramafic rocks (consists of the Twin Sisters 
Dunite, part of the Bell Pass melange undivided, 
part of the Jack Mountain Phyllite, and part of the 
Little Jack unit). Ultramafic rocks in the Bell Pass 
melange, including the Twin Sisters Dunite, 
participated in mid-Cretaceous thrusting (about 
85-100 Ma) and are thus assigned a pre-Tertiary 
age (Tabor and others, in press b). Rocks of the 
Jack Mountain Phyllite were probably meta-

Ju 

morphosed in Late Cretaceous to middle Eocene 
time and have been thermally metamorphosed by 
middle Eocene and older plutons of the Ruby 
Creek heterogeneous plutonic belt (see unit TKi) 
(Tabor and others, in press b; R. A. Haugerud and 
R. W. Tabor, USGS, written commun., 2000). 

JURASSIC 

Ultramafic rocks (consists of part of the Fidalgo 
Complex, part of the Helena-Haystack melange, 
part of the Easton Metamorphic Suite, part of the 
Ingalls Tectonic Complex undivided, and part of 
the Western melange belt). Jurassic ultramafic 
rocks are probably similar in age to the age dated 
portions of the ophiolite complexes. See Fidalgo 
Complex under unit Ji; Helena-Haystack 
melange under units Jigb, Jit, and Jmv; Ingalls 
Tectonic Complex under units KJhmc and Jib; 
and Western melange belt under units Jit, 
KJmm, and KJmc. 

Metamorphic Rocks 

Greenschist and Blueschist Facies 
(Low-Grade Rocks) 

PRE-TERTIARY 

pTms Metasedimentary rocks (consists of the conglomer
ate of Bald Mountain and the metaconglomerate of 
Sumas Mountain). Pollen suggests a Late Creta
ceous to early Tertiary age for the conglomerate 
of Bald Mountain. The penetrative deformation 
and metamorphism recorded in this unit make a 
pre-Tertiary age likely. Two chert clasts yielded 
possible Triassic radiolarians; a fission-track age 
from detrital zircon from a possibly correlative rock 
is between 60 and 73 Ma. Tabor and others (in 
press b) consider the rock to be Late Cretaceous. 
The metaconglomerate of Sumas Mountain of 
Dragovich and others ( 1997b) is probably a tec
tonic block within the Bell Pass melange. The con
glomerate is metamorphosed and therefore pre
Teitiary. 

pTmt Metasedimentary and metavolcanic rocks, undi
vided (consists of part of the Bell Pass melange un
divided, part of the Vedder complex, part of the El
bow Lake Formation, and part of the Yellow Aster 
Complex). The Bell Pass melange undivided 
contains tectonic inclusions of the Elbow Lake 
Formation (see unit JPmt), Yellow Aster Com
plex (see unit pDi), Vedder complex (see unit 
pPsh), blueschist of Baker Lake (see unit JPmt), 
and Twin Sisters Dunite (see unit pTu). The Bell 
Pass melange is older than the mid-Cretaceous 
thrusting and metamorphism of the Northwest 
Cascades System. 



MESOZOIC 

l'vlzsh Low-grade schist (consists of the schist of Crook 
Mountain, part of the Jack Mountain Phyllite, part 
of the Tonga Formation, part of the Little Jack unit, 
and part of the Elijah Ridge Schist). For the schist 
of Crook Mountain, see the Chiwaukum Schist 
(see unit l'vlzsc). The Jack Mountain Phyllite pre
dates Late Cretaceous metamorphism of the north
eastern portion of the North Cascades Crystalline 
Core. R. A. Haugerud and R. W. Tabor (USGS, 
written commun., 2000) speculate that the Jack 
Mountain Phyllite may be Cretaceous and correla
tive with unmetamorphosed Mesozoic elastic strata 
of the Methow block to the east (Tabor and others, 
in press b). For the Tonga Formation, see unit 
l'vlzsc. 

CRETACEOUS 

Kmcg Metaconglomerate (consists of the metaconglom
erate of South Creek, Virginian Ridge Formation 
undivided, and part of the rocks of Easy Pass). The 
metaconglomerate of South Creek probably 
correlates lithologically with the Devils Pass Mem
ber of the Virginian Ridge Formation (see unit 
Kcg2), unconformably overlies the Twisp Valley 
Schist (see Napeequa Schist under unit JPhmc), is 
intruded by ca. 98 Ma porphyry dikes, probably 
underlies a 100 Ma tuff east of the Twisp River, and 
is contact-metamorphosed by the 90 Ma Black 
Peak batholith (see unit Kit)(Dragovich and others, 
1997 a). Rocks of Easy Pass of Miller and others 
(1994; R. A. Haugerud and R. W. Tabor, USGS, 
written commun., 2000) are lithologically correla
tive with the metaconglomerate of South Creek 
and are older than the 90 to 60 Ma metamorphism 
that affects the northeastern portion of the North 
Cascades Crystalline Core. These metamorphosed 
equivalents of the Methow block are probably 
mostly Albian (Early Cretaceous)(Miller and oth
ers, 1994; Dragovich and others, 1997 a). 

Kmt Metasedimentary and metavolcanic rocks, undi
vided (consists of the North Creek Volcanics, part 
of the rocks of Easy Pass, part of the Winthrop For
mation undivided, part of the Elijah Ridge Schist, 
and the plagioclase porphyry of the Twisp River 
valley). The North Creek Volcanics are intruded 
by the 90 Ma Black Peak batholith (see unit Kit) 
and the ca. 98 Ma plagioclase porphyry of the 
Twisp River valley (Dragovich and others, 
1997a). A tuff bed in the lower part of the unit has 
a zircon U-Pb age of about 100 Ma (Dragovich and 
others, 1997a). Dragovich and others (1997a) 
correlate the North Creek Volcanics with the 
Winthrop Formation and volcanic rocks of Three 
AM Mountain (see units Kv2 and Kc2). See rocks 
of Easy Pass under unit Kmcg. 
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CRETACEOUS-JURASSIC 

KJms Metasedimentary rocks ( consists of part of the 
Goat Island terrane). Rocks of the Goat Island 
terrane are lithologically similar to Jurassic and 
Cretaceous parts of the Lopez structural complex 
(see unit KJmm) of Brandon and others (1988) 
(Whetten and others, 1988; Dragovich and others, 
2000c). 

KJmm Marine metasedimentary rocks ( consists of the 
Constitution Formation, part of the Lopez struc
tural complex, Nooksack Formation undivided, 
part of the Lummi Formation, and part of the 
Western melange belt). The Nooksack, Lummi, 
and Constitution Formations pre-date mid
Cretaceous (100-85 Ma) thrusting in the North
west Cascades System. Clasts in the Constitution 
Formation are probably derived from the underly
ing Orcas Formation (Jurassic-Triassic, unit 
J"J;mc), Turtleback Complex (pre-Devonian, unit 
pDi), and Garrison Schist (pre-Permian, unit pPsh) 
(Vance, 1975, 1977), and radiolarians from chert 
are of Late Jurassic or Early Cretaceous age (Bran
don and others, 1988). Radiolarians from near the 
base of the Lummi Formation are Late Jurassic to 
Early Cretaceous (Carroll, 1980). Blake and others 
(2000) report Toarcian to Tithonian radiolarian 
ages from chert. White mica Ar-Ar ages suggest a 
metamorphic event of possible latest Jurassic and 
(or) Early Cretaceous age (Lamb, 2000; Lapen, 
2000), although the white mica may be detrital. 
The Nooksack Formation contains Late Jurassic to 
Early Cretaceous belemnites and buchia and con
cretions with Mesozoic radiolaria (Misch, 1966; Ta
bor and others, in press b). Metamorphosed com
ponents of the Western melange belt contain 
Late Jurassic to Early Cretaceous macrofossils; ra
diolarians in cherts are Early Jurassic (Tabor and 
others, 1993, 2000, in press a). Macro- and micro
fossils, including radiolarians from cherts interbed
ded with pillow basalts, indicate that the Lopez 
structural complex is Jurassic to Cretaceous 
(Whetten and others, 1978, 1988; Brandon and 
others 1988). 

KJmc Metachert (consists of part of the Western melange 
belt). Most Western melange belt components 
contain Late Jurassic to earliest Cretaceous 
radiolarian chert and megafossil-bearing argillite. 
The limestone blocks are Permian and may have 
originally been emplaced as olistostromes (Tabor 
and others, 1993, in press a). 

KJmv Metavolcanic rocks (includes part of the Western 
melange belt, part of the Goat Island terrane, and 
part of the Lopez structural complex). The meta
volcanic rocks of the Western melange belt have 
not been dated. See the Western melange belt un
der units Jit and KJmc. See the Goat Island 
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terrane under unit KJms. See the Lopez struc
tural complex under unit KJmm. 

JURASSIC 

Jmm Marine metasedimentary rocks (consists of part of 
the Helena-Haystack melange). See the Helena
Haystack melange under units Jigb, Jmv, Jam, 
and Jit. 

Jar Meta-argillite (includes the De Roux unit, the Pe
shastin Formation, part of the Ingalls Tectonic 
Complex undivided, and part of the Eastern 
melange belt undivided). See the Ingalls Tecton
ic Complex under units KJhmc and Jib. Radiolar
ians in the Eastern melange belt are Middle to 
Late Jurassic (Tabor and others, in press a). Al
though its age is poorly known, Miller and others 
( 1993b) suggest that the De Roux unit may be 
correlative with the Western melange belt and thus 
probably has a Mesozoic to latest Paleozoic age. 
We assign a Jurassic age to this unit but recognize 
that it may be significantly older. 

Jph Phyllite (consists of the Darrington Phyllite, the 
semischist and phyllite of Mount Josephine of the 
Easton Metamorphic Suite, and the slate of Rinker 
Ridge). The Darrington Phyllite is part of the 
Easton Metamorphic Suite, for which K-Ar and Sr
Rb ages indicate metamorphism at about 110 to 
130 Ma and a protolith age not much older, proba
bly Middle or Late Jurassic (Brown and others, 
1982; Armstrong and Misch, 1987; Tabor and oth
ers, 1993, in press a,b). The semischist and 
phyllite of Mount Josephine are correlated with 
the Darrington Phyllite (Dragovich and others, 
1998; Tabor and others, in press b), and Pb-U zir
con ages from a related metadiorite on Bowman 
Mountain are 163 Ma (Gallagher and others, 
1988). Metagabbro north of the Skagit River has 
produced U-Pb ages of about 160 Ma (Dragovich 
and others, 1998, 1999). These metagabbros may 
be Easton Metamorphic Suite (Gallagher and oth
ers, 1988) or Helena-Haystack melange (Drago
vich and others, 1998). There is no age control on 
the slate of Rinker Ridge; Tabor and others (in 
press a,b) propose a correlation with the mostly 
pre-Jurassic Chilliwack Group, but lithology sug
gests correlation with the Darrington Phyllite. 

Jsh Greenschist (consists of the Shuksan Greenschist). 
The Shuksan Greenschist is part of the Easton 
Metamorphic Suite, for which K-Ar and Sr-Rb ages 
indicate metamorphism at about 110 to 130 Ma 
and a protolith age not much older, probably Mid
dle or Late Jurassic (Brown and others, 1982; 
Armstrong and Misch, 1987; Tabor and others, 
1993, in press a,b). 

Jmt Metasedimentary and metavolcanic rocks, undi
vided (consists of part of the Lummi Formation 

and part of the Helena-Haystack melange). The 
Lummi Formation contains Early to Late Juras
sic radiolarians in chert (Whetten and others, 
1978; Carroll, 1980; Blake and others, 2000; 
Lapen, 2000). See the Helena-Haystack 
melange under units Jit and Jmv. 

Jmv Volcanic and metavolcanic rocks, undivided (in
cludes the metavolcanic unit of Deer Peak, the 
Lookout Mountain unit of the Newby Group, part 
of the Helena-Haystack melange, part of the 
Easton Metamorphic Suite undivided, and part of 
the Ingalls Tectonic Complex undivided). The Hel
ena-Haystack melange yielded a U-Pb zircon 
age of 168 Ma and a muscovite K-Ar metamorphic 
(exhumation) age of about 90 Ma, which was con
firmed by a two-point, whole rock and muscovite 
Rb-Sr isochron age of about 94 Ma (Tabor and oth
ers, in press a). See Helena-Haystack melange un
der units Jigb, Jit, and Jam. Gabbro in the Ingalls 
Tectonic Complex has produced a Late Jurassic 
zircon U-Pb date (Tabor and others, 1987a), and a 
K-Ar hornblende age of statically recrystallized 
diabase of about 85 Ma, but this is probably a min
imum age of recrystallization, produced by the 
heat of the 93 Ma Mount Stuart batholith (Tabor 
and others, 1982b). See also the Ingalls Tectonic 
Complex under units KJhmc and Jib. A tuff from 
strata correlative to the Lookout Mountain unit 
of the Newby Group yielded a U-Pb zircon age of 
151 Ma (Late Jurassic) (Mahoney and others, 
1996). The Newby Group of Mahoney and others 
(1996) is intruded by 141 to 150 Ma plutons, sug
gesting that the top of the Newby Group is Late Ju
rassic. 

Jmvd Metavolcanic rocks, dacite (consists of the Wells 
Creek volcanic member of the Nooksack Forma
tion). A tuff in the Wells Creek volcanic mem
ber of the Nooksack Formation has produced 
zircon U-Pb ages of 173 to 187 Ma, which are in
terpreted by J. M. Mattinson to indicate crystalliza
tion at about 175 to 180 Ma (Franklin, 1985). 

JURASSIC-TRIASSIC 

J1mm Marine metasedimentary rocks (includes part of 
the Cultus Formation). The Cultus Formation 
contains radiolarians ranging in age from Triassic 
to Late Jurassic (Tabor and others, in press b; 
Blackwell, 1983; Monger, 1970). 

J1mc Metachert (consists of the Orcas Formation and 
part of the Eastern melange belt undivided). The 
Orcas Formation contains Triassic to Early Ju
rassic radiolarians and Late Triassic conodonts 
(Brandon and others, 1988). The Eastern 
melange belt contains Late Triassic and Jurassic 
radiolarians (Tabor and others, 1993, in press a) 
and locally contains Permian fusilinids in lime-



stone and marble beds (Danner, 1966; Tabor and 
others, 1993). 

J1mt Metasedimentary and metavolcanic rocks (consists 
of the volcanic rocks of Whitehorse Mountain and 
part of the Eastern melange belt undivided). The 
Eastern melange belt contains Late Triassic co
nodonts and Late Triassic and Jurassic radiolari
ans and yielded a hornblende K-Ar age of about 
121 Ma, which is probably a minimum age for 
metamorphism (Tabor and others, in press a). 
Some of the rocks of the Eastern melange belt 
have been lithologically correlated with the Juras
sic to Mississippian Trafton sequence (see unit 
JMmt)(Tabor and others, 2000). 

J1mv Metavolcanic rocks (includes part of the Cultus 
Formation). The metavolcanic rocks of the Cultus 
Formation have not been dated, but the marine 
metasedimentary rocks (see under unit J1mm) of 
the formation contain Late Triassic to Late Jurassic 
fossils. 

JURASSIC-PERMIAN 

JPmt Metasedimentary and metavolcanic rocks. undi
vided (consists of the blueschist of Baker Lake and 
part of the Elbow Lake Formation). Poorly pre
served radiolarians from the Elbow Lake Forma
tion are probably Jurassic to Permian (Tabor and 
others, 1994; Dragovich and others, 1997b; 
Brown and others, 1987); the age of the meta
igneous rocks is unknown. The blueschist of 
Baker Lake is possibly derived from the Elbow 
Lake Formation (Tabor and others, in press b). 

JURASSIC-MISSISSIPPIAN 

JMmt Metasedimentary and metavolcanic rocks, undi
vided (consists of part of the Trafton sequence). 
The Trafton sequence contains Mississippian to 
Middle Jurassic radiolarians, Permian fusulinids, 
and metatonalite blocks as old as Pennsylvanian 
(Tabor and others, in press a). 

JURASSIC-DEVONIAN 

JDmt Metasedimentary and metavolcanic rocks, undi
vided (consists of undivided Chilliwack Group and 
Cultus Formation). Unit JDmt is the undivided 
Chilliwack Group and Cultus Formation of 
Tabor and others (1994, in press b). Marble in the 
Chilliwack Group contains Devonian to Permian 
fossils, though most are Mississippian (Danner, 
1966; Tabor and others, in press a,b). See also the 
Chilliwack Group under unit PDmb. The Cultus 
Formation contains Late Triassic to Late Jurassic 
fossils (Brown and others, 1987; Blackwell, 1983; 
Monger, 1966; Tabor and others, 1994). 
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TRIASSIC-PERMIAN 

1Pmv Metavolcanic rocks (consists of the Deadman Bay 
Volcanics). The Deadman Bay Volcanics con
tain fusulinids and radiolarians that range from 
Late Triassic to Early Permian (Danner, 1966; 
Brandon and others, 1988). 

PERMIAN-DEVONIAN 

PDms Metasedimentary rocks (consists of the sedimen
tary rocks of Mount Herman of the Chilliwack 
Group and part of the Chilliwack Group undi
vided). The Chilliwack Group contains Devon
ian to Permian fossils (Danner, 1966) and Late De
vonian U-Pb ages from detrital zircons (McClelland 
and Mattinson, 1993). See the Chilliwack Group 
under units PDmb and PDmt. 

PDmb Limestone and marble (consists of part of the 
Chilliwack Group undivided). Chilliwack Group 
limestone and marbles range from Silurian to De
vonian to Permian and contain Mississippian cri
noids (Danner, 1966; Liszak, 1982). Single crystal 
U-Pb ages of detrital zircons from Chilliwack rocks 
yielded Late Devonian ages (McClelland and 
Mattinson, 1993). See also the Chilliwack Group 
under unit PDmt. 

PDmt Metasedimentary and metavolcanic rocks, undi
vided (consists of the East Sound Group and part 
of the Chilliwack Group undivided). The Chilli
wack Group contains Devonian to Permian fossils 
(Danner, 1966) and Late Devonian U-Pb zircon 
ages (McClelland and Mattinson, 1993). The East 
Sound Group contains Permian to Devonian fos
sils (Danner, 1966, 1977). Preliminary U-Pb ages 
of detrital zircons near the base of the unit yielded 
ages that range from 342 to 426 Ma (Lapen, 
2000). 

PDmv Metavolcanic rocks (consists of part of the Chilli
wack Group undivided, the volcanic rocks of 
Mount Herman of the Chilliwack Group, and the 
metavolcanic rocks of North Peak). See the Chilli
wack Group under units PDms, PDmt, and JDmt. 

PRE-PERMIAN 

pPsh Schist (consists of the Garrison Schist and part of 
the Vedder complex). The protolith age of the 
Vedder Complex and Garrison Schist is pre
Permian based on K-Ar and Rb-Sr mineral and 
whole-rock analyses that indicate Permian to earli
est Triassic metamorphism (Armstrong and others, 
1983; Brandon and others, 1988). 
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Amphibolite Facies and Higher 
(High-Grade Rocks) 

TERTIARY 

Paleocene 

Rog Orthogneiss ( consists of the gneiss of War Creek). 
The gneiss of War Creek intrudes and contains 
large inclusions and screens of the 90 Ma Black 
Peak batholith (see unit Kit), and it underwent duc
tile deformation in the Ross Lake fault zone some
time between 65 and 48 Ma; a preliminary U-Pb ti
tanite age of 85 to 87 Ma suggests that the pluton 
may be Cretaceous (Miller, 1987). 

TERTIARY-CRETACEOUS 

RKog Paleocene-Cretaceous orthogneiss (consists of the 
orthogneiss of Mount Benzarino and the 
orthogneiss of Gabriel Peak). The orthogneiss of 
Gabriel Peak yielded a zircon and titanite U-Pb 
age and poorly defined Rb-Sr isochron age of 
about 68 Ma; calculated 206pb/238U ages are 68.2 
Ma for zircon and 64.6 and 61.0 Ma for titanite 
(Hoppe, 1984; Miller, 1987). Unit includes the 
orthogneiss of Mount Benzarino due to confu
sion pertaining to the extent and nature of the 
orthogneiss of Gabriel Peak (R. W. Tabor, USGS, 
written commun. to J. D. Dragovich, 1993). 

TKog Orthogneiss (includes the leucogneiss of Lake 
Juanita, the orthogneiss of Mount Triumph, the or
thogneiss of Stehekin, the orthogneisses of Boul
der Creek, Purple Creek, and Rainbow Mountain, 
the migmatitic orthogneiss of McGregor Mountain, 
and part of the Skagit Gneiss Complex undivided). 
Concordant to mildly discordant U-Pb age of zir
cons from orthogneiss in the Skagit Gneiss 
Complex indicate syn-metamorphic igneous crys
tallization between 90 and 49 Ma (Haugerud and 
others, 1991; Hoppe, 1984; Miller and Bowring, 
1990; Dragovich and Norman, 1995). Wernicke 
and Getty ( 1997) interpreted Sm-Nd data and U
Pb zircon ages to represent igneous crystallization 
at 68 Ma and Ar-Ar ages of 4 7 and 45 Ma of horn
blende and biotite to represent cooling. This is in 
agreement with K-Ar data from other parts of the 
Skagit Gneiss Complex. Orthogneiss locally in
cludes minor remnant lenses or layers of older 
schist, amphibolite, and ultramafite correlative 
with the Cascade River Schist or Napeequa Schist 
(see units l;hm or JPhmc, respectively). The Skagit 
Gneiss Complex also contains bodies of ortho
gneiss (see unit "J;og) with Triassic intrusive ages 
that are probably correlative with the Marble
mount pluton (see unit "J;iq)(Haugerud an others, 
1991). See also Skagit Gneiss Complex under unit 
TKbg. 

TKbg Banded gneiss (consists of part of the Skagit 
Gneiss Complex undivided, part of the Napeequa 
Schist, part of the Cascade River Schist of Misch 
(1966), and part of the Cascade River Schist of 
Tabor and others (in press a)). Undivided 
orthogneiss, metavolcanic and metasedimentary 
rocks, and paragneiss of the Skagit Gneiss Com
plex. See age information on the orthogneiss un
der unit TKog. Paragneiss and amphibolite are 
lithologically similar to both the Napeequa 
Schist (Jurassic-Permian, unit JPhmc) and volca
nic arc Cascade River Schist (Triassic, unit l;hm) 
and are probably migmatized and heavily intruded 
equivalents of those units (Tabor and others, in 
press b; Dragovich and Norman, 1995). These 
non-intrusive components of the Skagit Gneiss 
Complex have yielded zircon U-Pb ages of 140 Ma 
and 136 Ma and Sm-Nd depleted mantle model 
ages of 450 Ma, 390 Ma, and 1.09 Ga (Rasbury 
and Walker, 1992). The age of this map unit is left 
at Tertiary to Cretaceous to agree with the 
orthogneiss components of the Skagit Gneiss Com
plex (see unit TKog). See the Napeequa Schist un
der unit JPhmc and the Cascade River Schist un
der unit "J;hm for the age of the schistose country 
rock of the banded gneiss units (Tabor and others, 
1994, in press b). See Haugerud and others ( 1991) 
for a more complete discussion of the intrusive his
tory of the Skagit Gneiss Complex. 

PRE-TERTIARY 

pTog Orthogneiss (consists of part of the Napeequa 
Schist). Gneiss in the heterogeneous schist and 
gneiss unit of the Napeequa Schist (Tabor and 
others, 1989, in press a) has yielded concordant to 
moderately discordant U-Th-Pb zircon ages be
tween 71 and 127 Ma (Tabor and others, 1987a). 
The gneiss contains Late Cretaceous and inherited 
and probable Paleozoic or older zircon (Tabor and 
others, 1987a). 

pTgn Gneiss (consists of the Swakane Biotite Gneiss). 
The Swakane Biotite Gneiss contains rounded 
zircons more than 1,650 m.y. old (Mattinson, 
1972). Its protolith age is at least pre-Tertiary. Re
cent U-Pb and Sm-Nd analyses of zircon (Rasbury 
and Walker, 1992; Troy Rasbury, University of 
Texas at Austin, written commun. to R. W. Tabor, 
1993) indicate that the gneiss may have been de
rived from sedimentary rocks as young as Creta
ceous (Tabor and others, in press a). The only de
finitive age constraint is that it is older than 68 Ma 
peiJmatite dikes (Mattinson, 1972). Rasbury and 
Walker ( 1992) report zircon data and conclude 
that if the Swakane has a sedimentary protolith, it 
can only be constrained to Cretaceous or older. 



MESOZOIC 

l'vlzsc Schist and amphibolite (includes part of the Tonga 
Formation and part of the Chiwaukum Schist). The 
protolith age of Chiwaukum Schist predates the 
Late Cretaceous metamorphism of the Nason 
terrane and intrusion of the Mount Stuart batholith 
(-90-95 Ma)(Duggan and Brown, 1994). Tabor 
and others (1993) correlate the Chiwaukum Schist 
(see also under unit l'vlzsc) with the Tonga Forma
tion. The Tonga Formation may be correlative 
with the Lookout Mountain Formation of Miller 
and others ( 1993b) south of the map area, which, 
in turn, is intruded by a pluton that yielded a zir
con U-Pb age of about 155 Ma, making both for
mations pre-Late Jurassic (Tabor and others, 
1993). Rb-Sr data may indicate that the Chiwau
kum Schist is early Jurassic to latest Triassic 
(Gabites, 1985; Evans and Berti, 1986; Maglough
lin, 1986). Conversely, if some of the ultramafic 
rock in the Chiwaukum Schist was originally 
emplaced as submarine serpentinite-rich debris 
flows from the Late Jurassic Ingalls Tectonic Com
plex, then the Chiwaukum sediments were depos
ited between the Late Jurassic and the Late Creta
ceous (Tabor and others, 1987). 

CRETACEOUS 

Khm Heterogeneous metamorphic rocks (consists of 
part of the Chaval pluton). See the Chaval pin
ton under unit Kiq. 

Kog Orthogneiss (includes the Marble Creek Ortho
gneiss, the Eldorado Orthogneiss, the Bearcat 
Ridge plutons, the Sloan Creek plutons, the Leroy 
Creek pluton, the orthogneisses of Haystack Creek 
and Alma Creek, the gneissic tonalites of Pear 
Lake and Excelsior Mountain, the light-colored 
gneiss of Wenatchee Ridge, part of the tonalitic 
gneiss of Bench Lake, part of the Sulphur Moun
tain pluton, and part of the Nason Ridge 
Migmatitic Gneiss). The Bearcat Ridge plutons 
produced a U-Pb age of 89 Ma (Miller and others, 
1993a). The Eldorado Orthogneiss produced 
several concordant zircon U-Pb ages of about 88 
and 92 Ma (Mattinson, 1972; Haugerud and oth
ers, 1991) and a hornblende K-Ar cooling age of 
43 Ma (Engels and others, 1976; Babcock and oth
ers, 1985. Hornblende and biotite from the Sloan 
Creek plutons yielded K-Ar ages of about 75 to 
78 Ma; U-Th-Pb and U-Pb ages from the same sam
ples and others are concordant at about 90 Ma, 
which is interpreted to be the crystallization age 
(Hoppe, 1984; Walker and Brown, 1991; Tabor 
and others, in press a). U-Th-Pb analyses of zircon 
from the gneissic tonalite of Excelsior Moun
tain suggest Late Cretaceous recrystallization, but 
207Pb/206pb ages as old as 120 Ma in the finer
grained fraction may reflect pre-Cretaceous crys
tallization of the original pluton (Tabor and others, 

Kbg 
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1993). A Cretaceous age may be likely for this 
metamorphosed intrusive body on the basis of its 
resemblance to the Sloan Creek plutons (Hoppe, 
1984; Walker and Brown, 1991; Tabor and others, 
1993). K-Ar ages of muscovite and biotite are 
about 48 and 44 Ma, respectively, for the ortho
gneiss of Haystack Creek, and reflect Eocene 
metamorphism and (or) unroofing. Cretaceous age 
is based upon the lithologic similarity to ortho
gneiss bodies within the Skagit Gneiss Complex 
that yielded U-Pb zircon ages of 60 to 70 Ma 
(Mattinson, 1972; Wernicke and Getty, 1977; Ta
bor and others, in press b). The Leroy Creek 
pluton intrudes the Triassic Dumbell Mountain 
pluton (see unit log) and is intruded by the 75 Ma 
Seven Fingered Jack pluton (see unit Kit), hence 
the ages of 45 and 54 Ma determined on mica 
(Engels and others, 1976) are much too young and 
indicate heating by later intrusions (Cater, 1982) 
or are cooling ages. A Late Cretaceous age is as
signed based on similarities with other nearby Cre
taceous plutonic bodies (Dragovich and Norman, 
1995). U-Pb ages of zircon from the Marble 
Creek Orthogneiss are slightly discordant at 
about 75 Ma and probably represent the age of in
trusion; K-Ar ages of muscovite and biotite, about 
50 and 44 ma, respectively, reflect Eocene meta
morphism and (or) unroofing (Tabor and others, in 
press b). Muscovite and biotite K-Ar ages of about 
49 and 39 Ma, respectively, for the orthogneiss 
of Alma Creek probably reflect Eocene unroofing 
(Tabor and others, in press b). A Late Cretaceous 
intrusive age is assigned based upon similarities 
with other nearby Cretaceous plutonic bodies. The 
light-colored gneiss of Wenatchee Ridge 
yielded concordant biotite and muscovite K-Ar 
ages of 81 and 83 Ma, respectively (Tabor and oth
ers, 1993), which fall within the range of 90 to 60 
Ma for the last episode of regional metamorphism 
for the North Cascades (Mattinson, 1972). A latest 
Cretaceous intrusive age is indicated by a U-Pb 
sphene age of 93 Ma (Miller and others, 2000). 
See Entiat pluton under unit Kid, Nason Ridge 
Migmatitic Gneiss under unit Kbg, and Sulphur 
Mountain pluton under unit Kigd. The gneissic 
tonalite of Pear Lake is assigned a latest Creta
ceous age based on similarities with other nearby 
Cretaceous plutonic bodies. The tonalitic gneiss 
of Bench Lake has not been dated, but probably 
formed during the Late Cretaceous metamorphic 
event (94 to 85 Ma) in the North Cascades (Tabor 
and others, in press a). 

Banded gneiss (consists of part of the Nason Ridge 
Migmatitic Gneiss, the banded gneiss of Wenat
chee Ridge, part of the Chiwaukum Schist, and 
part of the tonalitic gneiss of Bench Lake). See the 
Chiwaukum Schist under unit l'vlzsc for the age 
of the schist and amphibolite bands of the banded 
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gneiss units. The banded gneiss in the southern 
North Cascades Crystalline Core (Fig. 4 on Sheet 
3) is Chiwaukum Schist that has been transformed 
into migmatite by repeated intrusion along the 
bedding and (or) foliation. This transformation oc
curred in the Late Cretaceous (after about 90 Ma). 
Discordant ages from zircon of the Nason Ridge 
Migmatitic Gneiss indicate crystallization at 89 
Ma; Rb-Sr isochrons suggest ages of about 79 .5 
and 86 Ma, which probably represent cooling ages 
(Tabor and others, in press a). For banded gneiss 
of Wenatchee Ridge, see light-colored gneiss of 
Wenatchee Ridge under unit Kog. Walker and 
Brown ( 1991) interpret discordant ages of zircon 
to indicate primary crystallization at 89 Ma. Mag
loughlin ( 1993) reports Rb-Sr analyses with iso
chrons yielded cooling ages of 79.5 Ma and 86.2 
Ma. 

CRETACEOUS-JURASSIC 

KJhmc Heterogeneous chert-bearing metamorphic rocks 
(consists of part of the Ingalls Tectonic Complex 
undivided). Gabbro of the Ingalls Tectonic 
Complex yielded a U-Pb age on zircon of 155 Ma 
(Late Jurassic), and the chert contains Late Juras
sic radiolarians; the unit was thermally metamor
phosed by the intrusion of the Late Cretaceous 
Mount Stuart batholith (Tabor and others, 1987a, 
1993; Miller and others, 1993b). The Ingalls Tec
tonic Complex locally contains slivers of Creta
ceous orthogneiss with a 9.4 U-Pb age (R. B. 
Miller, San Jose State Univ., written Commun., 
2001). See also Ingalls Tectonic Complex under 
unit Jib. 

KJog Orthogneiss (consists of the trondhjemite of Lamb 
Butte and Remmel batholith undivided). The 
trondhjemite of Lamb Butte grades into both 
the Cretaceous to Jurassic tonalite of Doe Moun
tain (see under unit KJmi) and the Cretaceous to 
Jurassic trondhjemite of Eightmile Creek, east of 
the map area (Stoffel and McGroder, 1990). 
Trondhjemite of Lamb Butte is the deformed west
ern margin of the Remmel batholith. East of the 
map area, K-Ar biotite ages of about 107 and 99.8 
Ma probably represent the age of latest ductile de
formation (Stoffel and McGroder, 1990). U-Pb zir
con ages of 140 to 150 Ma are reported from 
compositionally and texturally similar intrusions in 
the Eagle plutonic complex in southern British Co
lumbia (Greig, 1988). Hurlow and Nelson (1993) 
obtained discordant U-Pb ages of at least 111 Ma 
from the trondhjemite of Lamb Butte. 

JURASSIC 

Jam Amphibolite (consists of part of the Helena-Hay
stack melange and part of the Easton Metamorphic 
Suite undivided). Concordant U-Pb zircon ages 
from tonalite of the Helena-Haystack melange 

are about 150 Ma, and a conventional K-Ar age 
analysis of hornblende from the amphibolite 
yielded an age of 141 Ma (Tabor and others, in 
press a). We assign a Jurassic age to the amphibo
lite due to the similarity of the amphibolite age 
with other age-dated components of the Helena
Haystack melange. Also see Helena-Haystack 
melange under units Jit, Jigb, and Jmv. In the Gee 
Point-Iron Mountain area, rocks yielded K-Ar and 
Rb-Sr ages of 144 to 160 Ma, older than the 130 
Ma age for the regional blueschist metamorphism 
of the Easton Metamorphic Suite (Brown and 
others, 1982). See further age information for 
parts of the Easton Metamorphic Suite under unit 
Jph. 

Jgn Migmatitic gneiss (consists of the Baring 
Migmatites and part of the Eastern melange belt 
undivided). A Late Cretaceous to Eocene age of 
formation of the Eastern melange belt was sug
gested by Tabor (1994). Whetten and others 
( 1980b) obtained U-Th-Pb zircon ages of about 
190 Ma from a tonalite phase of the migmatitic 
gneiss. 

JURASSIC-PERMIAN 

JPhmc Heterogeneous chert-bearing metamorphic rocks 
(includes part of the Napeequa Schist, which in
cludes: the Twisp Valley Schist, the Rainbow Lake 
Schist, the rocks of the Napeequa River area, and 
part of the Cascade River Schist of Misch (1966)). 
The protolith age of the Napeequa Schist is not 
known, but the age may be Permian to Jurassic, 
based on correlation with other oceanic assem
blages in the Pacific Northwest such as the 
Hozomeen Group (see unit JPvs)(Tabor and oth
ers, in press b). 

TRIASSIC 

1"hm Heterogeneous metamorphic rocks (includes the 
younger gneissic rocks of the Holden area, the Spi
der Mountain Schist, part of the Cascade River 
Schist of Misch (1966), and part of the Cascade 
River Schist of Tabor and others (in press a)). Zir
con U-Pb ages from a metatuff of the Cascade 
River Schist are about 220 Ma (Cary, 1990; Ta
bor and others, in press b), and possible detrital 
zircons give an upper concordia-intercept age of 
265 Ma (Permian)(Tabor and others, in press a). 

1"og Orthogneiss (consists of the Dumbell Mountain 
pluton, the orthogneiss of The Needle of the Skagit 
Gneiss Complex, part of the Skagit Gneiss Com
plex undivided, and part of the Marblemount plu
ton). The Dumbell Mountain pluton is Triassic 
(about 220 Ma) based upon several roughly con
cordant results of U-Pb analyses (Mattinson, 1970, 
1972). Hurlow ( 1991) also obtained a slightly dis
cordant age of about 218 Ma for the Dumbell 



Mountain pluton. Wall rocks similar to those of the 
Late Triassic (-220 Ma) Marblemount pluton, dis
cordant U-Pb zircon ages, and the absence of other 
late Paleozoic or early Mesozoic plutonic suites in 
the North Cascades suggest that the orthogneiss 
of The Needle is a metamorphosed Late Triassic 
pluton of the Marblemount plutonic belt (Hau
gerud and others, 1991). See the Marblemount 
pluton under unit 1"iq. 

PRE-DEVONIAN 

pDgn Gneiss (consists of part of the Yellow Aster Com
plex). Protolith ages for the Yellow Aster Com
plex are difficult to deduce, given discordant U-Pb 
ages in meta-igneous rocks and questions concern
ing an igneous versus detrital origin of zircons in 
quartzose gneiss. Mattinson (1972) reported a Pb
Pb age for zircon in quartzose gneiss of 1,452 to 
2,000 Ma, the former being interpreted as the min
imum protolith age. A metamorphic age of 415 Ma 
from a U-Pb analysis of metamorphic sphene is the 
basis for the pre-Devonian protolith age (Lapen, 
2000; Mattinson, 1972). See also the Yellow Aster 
Complex under unit pDi. 

EDGE MATCHES WITH 
OTHER QUADRANTS 

Southwest Quadrant 

Discrepancies along the boundary between the north
west and southwest (Walsh and others, 1987) quadrants 
in the southwestern Olympic Peninsula are primarily due 
to the availability of new mapping and reinterpretation of 
geologic units in the northwest quadrant. The new map
ping was enhanced by the use of side-looking airborne ra
dar (SLAR), digital elevation models (DEM), and air
photo analysis to identify areas of progressive dissection 
of terrain and glacially influenced landforms that were 
subsequently field checked and delineated at 1:24,000-
scale. Most discrepancies have been resolved as much as 
possible and are illustrated on 1: 100,000-scale digital 
maps of the Shelton and Copalis Beach quadrangles 
(Washington OGER, 2001), which are available upon re
quest from OGER at the address shown inside the cover of 
this pamphlet. 

Because glacial deposits dominate the geology of 
most of the Puget Lowland, we have chosen to retain 
more detail in the Quaternary glacial units on the north
west quadrant than was retained on the map of the south
west quadrant (Walsh and others, 1987). This accounts 
for many discrepancies between the glacial units on the 
southwest and northwest quadrants. 

Northeast Quadrant 

Differences in geologic units and structure between 
the northwest and northeast (Stoffel and others, 1991) 
quadrant maps are primarily the result of new geologic 
mapping and radiometric age dating during the last de-
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cade. These differences are described below, roughly 
from south to north. 

In the Chelan and Twisp 1: 100,000-scale quadran
gles, recent U-Pb age dating indicates that the Swakane 
Gneiss may contain Paleozoic detrital zircons (Rasbury 
and Walker, 1992), so we have assigned a pre-Tertiary age 
(unit pTgn) instead of the Precambrian age that was as
signed in the northeast quadrant (unit pCgn)(Stoffel and 
others, 1991). 

In the Chiwawa River area of the Chelan 1: 100,000-
scale quadrangle, orthogneiss bodies in the Napeequa 
Schist are assigned a pre-Tertiary age in the northwest 
quadrant (unit pTog), whereas they were assigned a Cre
taceous age in the northeast quadrant (unit Kog). This 
change acknowledges that the age of some of these bod
ies is poorly known and that some may be pre-Tertiary. 

In the Chelan, Twisp, and Robinson Mountain 
1: 100,000-scale quadrangles, a Jurassic to Permian age is 
assigned to the Napeequa Schist of the Chelan Mountains 
terrane (Tabor and others, in press a) in the northwest 
quadrant (unit JPhmc), which differs from the Triassic to 
Permian age assigned to this unit in the northeast quad
rant (unit 1"Phmc). This difference is based on the correla
tion of the Napeequa Schist with the Hozomeen Group 
(Haugerud, 1985), which extends into the Jurassic. The 
distribution of the Napeequa Schist of the Chelan Moun
tains terrane also differs between the northwest and 
northeast quadrants. Recent mapping (Miller and others, 
1994) suggests that many of the supracrustal metamor
phic rocks southeast of Holden (T31N Rl 7E) belong to 
the Cascade River unit of the Chelan Mountains terrane 
(unit 1"hm on northwest quadrant)(Tabor and others, 
1989), not the Napeequa Schist as shown in the northeast 
quadrant. 

In the northwest quadrant, we do not use the litholog
ic term migmatite (unit Kmg in the northeast quadrant), 
partially because of the difficulty in determining the 
boundaries of migmatization, which are commonly diffuse 
and gradational. Instead, we use mostly intrusive litholog
ic symbols (for example, unit Kit) or metamorphic terms 
(banded gneiss, unit TKbg) for migmatitic rocks. 

In the Chelan and Twisp 1: 100,000-scale quadran
gles, the Duncan Hill pluton is compositionally heteroge
neous along the length of the body from mostly granite 
and granodiorite to the southeast to mostly quartz diorite 
to the northwest. Thus, the Duncan Hill pluton was in
cluded in units Eig and Eigd in the northeast quadrant, 
but is included in unit Eiq in the northwest quadrant. 

In the Twisp 1: 100,000-scale quadrangle near Lake 
Chelan, the northeast quadrant map shows the Skagit 
Gneiss Complex as unit TKmi, emphasizing both the intru
sive igneous material and the metamorphic selvages of 
schist and amphibolite. In the Stehekin (T33N Rl8E) re
gion in the northwest quadrant, the Skagit Gneiss Com
plex is mostly orthogneiss (Dragovich and Norman, 1995) 
and contains only minor or rare supracrustal metamor
phic rocks; we emphasize the predominance of ortho
gneiss by assigning these rocks to unit TKog. Also in the 
Lake Chelan area, the leucogneiss of Lake Juanita (Miller, 
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1987) was included in unit Rog in the northeast quadrant, 
but is included in the Skagit Gneiss Complex in the north
west quadrant (unit TKog). 

In the Twisp River valley of the Twisp 1: 100,000-scale 
quadrangle, recent mapping (Dragovich and others, 
1997a) has delineated the metaconglomerate of South 
Creek (unit Kmcg in the northwest quadrant), which 
unconformably overlies the Twisp Valley Schist (unit 
JPhmc). This recent mapping also suggests that the Twisp 
River fault either does not exist or is a minor brittle struc
ture, and that the tectonic zone shown along the Twisp 
River valley in the northeast quadrant (unit tz) is actually 
contiguous with the North Creek fault just north of the 
Twisp River valley (Dragovich and others, 1997a). Drago
vich and others ( 1997a) correlate the North Creek Volcan
ics (Misch, 1966) with the Cretaceous Winthrop Forma
tion, whereas these rocks were correlated with the Creta
ceous to Jurassic Newby Group (Barksdale, 1975) in the 
northeast quadrant; thus, rocks shown as unit KJmv on 
the northeast quadrant are included in unit Kmt on the 
northwest quadrant. 

New geologic mapping in the Robinson Mountain 
1: 100,000-scale quadrangle (R. A. Haugerud and R. W. 
Tabor, USGS, written commun., 2000) substantially 
changes the geologic mapping, structural interpretations, 
stratigraphy, and geologic understanding of the Methow 
basin as compared to previous studies (Tennyson, 1974; 
Barksdale, 1975; McGroder and others, 1990; Stoffel and 
McGroder, 1990), resulting in many differences between 
the maps of the northeast and northwest quadrants in this 
area. (See discussion under Sources of Map Data.) This 
new mapping recognizes that much of the Virginian Ridge 
Formation contains fluvial (continental) sedimentary 
rocks; thus, rocks that were shown as marine sedimentary 
rocks on the northeast quadrant (unit Km2) are assigned 
to the continental sedimentary rock category on the 
northwest quadrant (unit Kc2). 
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Table 2. List of named units. BEL, Bellingham; CFL, Cape Flattery; CHL, Chelan; CPB, Copalis Beach; FRK, Forks; MBK, Mount 
Baker; MOL, Mount Olympus; PAN, Port Angeles; PTW, Port Townsend; RBM, Robinson Mountain; RCH, Roche Harbor; SAU, Sauk 
River; SEA, Seattle; SHL, Shelton; SKY, Skykomish River; SNO, Snoqualmie Pass; TAC, Tacoma; TWS, Twisp; WEN, Wenatchee 

Defining and (or) 1:100,000 
Geologic unit Symbol representative references quadrangle(s) Area (township and range) 

Aldwell Formation Em2 Brown and others (1960), CFL, MOL T27N R2W; T28N R2W; T29N R3-6W; 
Evb Snavely and others ( 1993) PAN, SEA T30N R6-12W; T31N R12-14W; 

T32N R14-15W 

Alma Creek, orthogneiss of Kog Misch (1977, 1979), MBK T36N RllE 
Tabor and others (in press b) 

Arlington Gravel Member, Qgog Newcomb (1952) PTW T31N R5-6E; T32N R5-6E 
Vashon Drift 

Astoria Formation Mm1 Howe (1926) SHL T21N R7W 

Baada Point Member, Makah Formation, see Makah Formation 

Baekos Creek assemblage, Qvl Beget (1981, 1982) SAU see Kennedy Creek assemblage 
volcanic rocks and deposits of 
Glacier Peak 

Bahobohosh, sandstone of Em2 Snavely and others (1993) CFL T32N R14-15W; T33N R15-16W 

Baker Lake, blueschist of, JPmt Brown and others (1987), MBK T37N R8-9E; T38N R9E 
Bell Pass melange Tabor and others (in press b) 

Baker River phase, Chilliwack <Digd Tabor and others (in press b) MBK T37N RIOE: T38N RlO-llE: T39N R9-
composite batholith, Index family IOE; T40N R9-10E; T41N R9E 

Bald Mountain, conglomerate of pTms Misch (1966), Johnson (1982). BEL T39N R4E; T40N R4-7E 
Tabor and others (in press b) MBK 

Bald Mountain pluton pTigd Dungan (1974), SAU T29N R8-9E; T30N R7-8E 
Tabor and others (1993, in press a) SKY 

Baring Migmatites Jgn Yeats (1958a, 1964) SKY T26N RllE: T27N RlO-llE 

Barlow Pass Volcanics Ec2 Vance (1957), Ristow (1992), SAU T27N RllE; T28N RI0-12E; T29N RIO-
Eigb, Ev Evans and Ristow ( 1994), 12E; T30N RI0-12E; T31N R9-11E 

Evr Tabor and others (in press a) 

Basalt Peak, porphyritic dacite of Eir Cater (1982), CHL T28N R17E; T29N R17E 
Tabor and others (1987a) 

Bastile Ridge, andesite of, Ova Tabor and others (in press b) MBK T38N R7-8E 
andesite of Mount Baker 

Bear Creek. Em1 Snavely and others (1993) CFL T30N R12-13W; T31N R13-14W 
siltstone and sandstone of 

Bear Mountain, granite of Mig Tabor and others (in press b) MBK T40N RllE 
western, Chilliwack composite 
batholith, Cascade Pass family 

Bearcat Ridge plutons Kog Cater and Wright (1967), TWS T30N R18-19E; T31N R17-18E 
Cater ( 1982) 

Beckler Peak stocks, Kigd (Yeats, 1958a, 1977) SKY T25['J R12-13E; T26N R12-13E: 
Mount Stuart batholith T27N RlE 

Bell Pass melange, undivided pTmt Brown and others (1987), BEL T31N RlO-llE; T32N RllE; T32N RlO-
pTu Tabor and others (1994, MBK llE; T33N RlOE; T34N R9-I0E; 

in press a,b) SAU T35N R8-10E; T36N R6-10E; T37N R6-
9E; T38N R6-7,9E; T39N R4-7,9E; 
T40N R4-7,9E; T41N R6-7,9E 

Bell Pass melange. Includes and listed under: Elbow Lake Formation, Yellow Aster Complex, Vedder complex, blueschist of Baker Lake, Twin 
Sisters Dunite, and metaconglomerate of Sumas Mountain. 

Bellingham Bay Member, Chuckanut Formation, see Chuckanut Formation 

Bench Lake, tonalitic gneiss of Kog Tabor (1961), Fluke (1992), SAU T32N R14-15E; T33N R13-14E; 
Kbg Tabor and others (in press a) TWS T34N R13E 

Big Bosom Buttes, <Dvx Vance (1957), MBK T40N R9-10E; T41N RlOE 
volcanic rocks of <Dvt Tabor and others (in press b) 

Black Buttes, andesite of, Ova Tabor and others (in press b) MBK T37N R7-8E; T38N R7E 
andesite of Mount Baker Qvp 

Black Peak batholith, undivided Kit Misch (1952, 1966), RBM T33N R18-19E; T34N R17-18E; 
(also includes Reynolds Peak Miller ( 1987) TWS T35N Rl6-18E; T36N Rl4,16E 
phase, listed separately) 



48 GEOLOGIC MAP OF WASHINGTON - NORTHWEST QUADRANT 

Defining and (or) 1:100,000 
Geologic unit Symbol representative references quadrangle(s) Area (township and range) 

Blakeley Formation <DEm Weaver (1912b}, SEA T24N Rl-2,4-6E 
<DEn Warren and others (1945), 

Fulmer (1975), Walsh (1984) 

Blakely Harbor Formation Mc2 Fulmer (1975), SEA T24N R2E 
Yount and Gower (1991) 

Blue Mountain unit EElm Tabor and Cady (1978a}, CFL, MOL T23N R5-8W; T24N R4-5W; T25N R4W; 
Einarsen ( 1987) PAN, SHL T26N R4W; T27N R3-4W; T28N R3-5W; 

T29N R3-10W; T30N R9-12W 

Bob Creek, tonalite of KJmi R. A. Haugerud and R. W. Tabor RBM T40N Rl9E 
(USGS, written commun., 2000) 

Boulder Creek, orthogneiss of. TKog Nicholson (1991) TWS T33N Rl7-18E 
Skagit Gneiss Complex 

Boundary Creek, <Dvt R. A. Haugerud and R. W. Tabor RBM T41N Rl9E 
luff of (USGS, written commun., 2000) 

Brownes Creek, Em1 Snavely and others ( 1993} CFL T30N Rl2W; T31N Rl2-14W; T32N R14-
siltstone of 15W 

Buck Creek pluton Kigd Cater and Crowder (1967), Cater TWS T30N Rl5-16E; T31N RISE 
(1982), Ford and others (1988) 

Bulson Creek, rocks of <DEc Lovseth (1975), Marcus (1981), PTW T27N R5-6E; T28N RS-7E; T29N R6- 7E; 
<DEn Whetten and others ( 1988) T30N R6E; T31N R6E; T32N R5-6E; 

T33N R2-6E 

Cady Ridge, RMida Crowder and others ( 1966} SKY T28N Rl2-13 E; T29N Rl4E 
volcanic rocks of 

Camas Land, diabase of Eigb Russell (1900), Smith (1904), WEN T23N Rl8E 
Southwick (1966) 

Cardinal Peak pluton Kiq Cater and Crowder (1967), SAU T29N Rl8-19E; T30N Rl7-18E; 
Kit Cater and Wright (1967), Cater TWS T31N Rl7E; T32N Rl6-17E; T33N Rll-

(1982). Miller and Paterson (2001) 12E; T34N RllE 

Carpenters Creek Tuff Member, Makah Formation, see Makah Formation 

Cascade Pass dike, Mix Yeats (1958b}, Tabor (1963}, MB!<, RBM T33N Rl2E; T34N Rl2-13E; T35N Rl3-
Cascade Pass family Mil Tabor and others (in press a,b} SAU 14E 

Cascade Pass family. Includes and listed under: granite of western Bear Mountain, Cascade Pass dike, Chilliwack composite batholith undivided, 
Cloudy Pass batholith, Cool Glacier stock, granite of Depot Creek, Downey Mountain stock, granite porphyry of Egg Lake, quartz diorite and 
quartz monzodiorite of Icy Peak, Lake Ann stock, Mineral Mountain pluton, Mount Buckindy pluton, quartz monzonite and granite of Nooksack 
Cirque, quartz monzodiorite of Redoubt Creek, Ruth Creek pluton, granite of Ruth Mountain, tonalite of Silver Creek, and stock on Sitkum Creek. 

Cascade River Schist of Misch JPhmc Misch (1966) MBK T33N Rl4,16E; T34N Rll-14E; 
(l 966)(see also Napeequa Schist) TKbg SAU T35N Rll-13E; T36N Rll-12E; 

1hm TWS T37N RllE 

Cascade River Schist of Tabor TKbg Cater and Crowder (1967), CHL T28N Rl8E; T29N Rl7-19E; T30N Rl7-
and others (in press a) 1hm Cater and Wright (1967), MBK 19E; T31N Rl6-17E; T32N Rl6E; 
(redefined}, undivided Tabor and others (in press a,b) SAU T33N Rl4,16E; T34N Rl2-14E; 
(see also Napeequa Schist) TWS T35N Rll-13E; T36N RllE 

Cascade River Schist of Tabor and others (in press a}(redefined). Includes: Spider Mountain Schist, listed separately. 

Castle Peak stock Eigd Daly (1912), Lawrence (1967) RBM T40N Rl6-l 7E 

Cedar District Formation, Kn Dawson (1886, 1890). Muller and BEL T38N R2W 
Nanaimo Group Jeletzky (1970), Ward (1978) 

Chaval pluton Khm Bryant ( 1955}, SAU T33N Rll-12E; T34N RllE 
Kiq Tabor and others (in press a} 

Chelan Complex, see Entiat Pluton 

Chikamin Creek, <Dvr Tabor and others (1987a} CHL T29N Rl 7E 
volcanic rocks of <Dvt 

Chilliwack composite batholith, Mig Tabor and others MBK T23N RlO-llE; T24N R9-llE; T30N Rl3-
undivided, Cascade Pass family Miqm (1993, 2000, in press b} SAU 14E; T31N Rl4-15E; T32N Rl4.16E; 

SKY T39N RlO-llE; T40N Rll-12E; 
SNO T41N Rl2E 

Chilliwack composite batholith of the Cascade Pass family. Includes and listed under: granite of western Bear Mountain, granite of Depot Creek, 
granite porphyry of Egg Lake, quartz diorite and quartz monzodiorite of Icy Peak, Lake Ann stock, Mineral Mountain pluton, quartz monzonite and 
granite of Nooksack Cirque, quartz monzodiorite of Redoubt Creek, Ruth Creek pluton, and granite of Ruth Mountain. 

Chilliwack composite batholith, <Dib Tabor and others (in press b) MBK T38N RlO-llE; T39N RlO-llE; 
undivided, Index family T40N Rl0-12E 
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Defining and (or) 1:100,000 
Geologic unit Symbol representative references quadrangle(s) Area (township and range) 

Chilliwack composite batholith of the Index family. Includes and listed under: Baker River phase, gabbro of Copper Lake, diorite of Ensawkwatch 
Creek, tonalite of Maiden Lake, biotite alaskite of Mount Blum, granodiorite of Mount Despair, Pocket Peak phase, Price Glacier pluton, and 
Silesia Creek pluton. 

Chilliwack composite batholith of the Snoqualmie family. Includes and listed under: Chilliwack valley phase, Indian Mountain phase, biotite 
granodiorite of Little Beaver Creek, Mount Sefrit gabbronorite, and Perry Creek phase. 

Chilliwack Group, undivided PDmt Cairnes (1944), BEL T30N RllE; T31N RlO-llE; T32N RIO-
PDmb Tabor and others (in press a,b) MBK llE; T33N RlO-llE; T34N R9-10E; 
PDms SAU T35N R8-10E; T36N R7-10E; T37N R6-
PDmv 8E; T38N R6,8-9E; T39N R4,7-9E; 

T40N R5-9E; T41N R5-9E 

Chilliwack Group. Includes and listed under: sedimentary rocks of Mount Herman and volcanic rocks of Mount Herman. 

Chilliwack Group and Cultus JDmt Tabor and others (1994, in press b) MBK T36N R9E; T37N R9E; T40N R9E 
Formation, undivided 

Chilliwack valley phase, <Di! Tabor and others (in press b) MBK T39N RlO-llE; T40N Rl0-1 lE; 
Chilliwack composite batholith, T41N Rl0-1 lE 
Snoqualmie family 

Chiwaukum Schist M,sc Page (1939), Tabor (1961), CHL T24N Rl5-16E; T25N Rl2-l 7E; 
Kbg Grant (1966), Plummer (1969), SAU T26N Rl2-l 7E; T27N Rl2-15E; 

Tabor and others ( 1987a, 1988, SKY T28N Rll-16E; T29N Rll-lSE; 
1993, in press a), T30N Rll-14E; T31N Rl2-14E; 
Ford and others (1988) T32N Rll-13E; T33N Rll-12E 

Chiwawa River, Eib Cater and Crowder (1967), TWS T30N Rl6E; T31N Rl7E 
basaltic plugs and dikes of Cater and Wright (1967) 

Chocolate Creek assemblage, Qvl Beget ( 1981, 1982) SAU T30N Rl3-14E; T31N Rll-14E; 
volcanic rocks and T32N Rll-12E; T33N RlO-llE; 
deposits of Glacier Peak T35N R4E 

Chow Chow drift Qad, Qao Moore (1965) CPB T21N Rl0-12W; T22N Rl0-12W; 
Qap, Qapo SHL T23N R9-10W 

Chuckanut Formation Ee Mclellan (1927), BEL T33N R3-5,7-8E; T34N R4-8E; T35N R6-
Johnson ( 1982, 1984, 1991), MBK 8E; T36N R3-4E; T37N Rl-4E; T38N Rl-
Evans and Ristow (1994), PTW 2W,l-6E; T39N R3-7E; T40N R5-7E 
Mustoe and Gannaway (1997) SAU 

Chuckanut Formation. Includes: Bellingham Bay Member, Coal Mountain unit, Governor's Point Member, Maple Falls Member, Padden Member, 
Slide Member, and Warnick Member. 

Chumstick Formation (includes Ec2 Gresens and others ( 1981) CHL T22N Rl8-19E; T23N Rl7-19E; 
the Nahahum Canyon Member, Ecg2 WEN T24N Rl7-19E; T25N Rl7-19E; 
not listed separately) Evb T26N Rl6-18E: T27N Rl 7-18E; 

T28N Rl6-l 7E; T29N Rl 7E 

Clallam Formation Mn Arnold (1906), Gower (1960), CFL T31N Rll-12W; T32N Rll-12W 
Addicott (1976a,b) 

Clark Mountain pluton Kit Cater and Crowder (1967) TWS T29N RISE; T30N RISE 

Cloudy Pass batholith, Mian, Mida Youngberg and Wilson (1952), SAU T30N Rl2-14,16E; T31N Rl4-16E; 
Cascade Pass family Mig, Migd Cater and Crowder (1967) TWS T32N Rl4-16E; T33N Rl4-16E 

Mil, Mix 

Coal Mountain unit, Chuckanut Formation, see Chuckanut Formation 

Coleman Pinnacle, andesite of, Ova Tabor and others (in press b) MBK T39N R8-9E 
andesite of Mount Baker 

Colvos Sand Member, Qga Garling and others (1965) SEA see Vashon Drift 
Vashon Drift TAC 

Comox Formation, Kn Dawson (1886, 1890), Muller and BEL T37N Rl-2W 
Nanaimo Group Jeletzky (1970), Ward (1978) 

Conglomerate Point, Mix Yeats (1958a) SKY T29N RllE 
intrusive breccia of 

Constitution Formation KJmm Vance (1975), BEL, PAN T34N R2-3W; T35N R2-4W; T36N Rl-4W; 
Brandon and others (1988) PTW, RCH T37N RlW 

Cool stock, Cascade Pass family, see Cool Glacier stock 

Cool Glacier stock, Rigd Tabor and Crowder (1969), SAU T30N Rl4E 
Cascade Pass family Tabor and others (1993, in press a) 

Cooper Pass, Mvc Ashleman (1979), SNO T22N Rl3E 
volcaniclastic rocks of Tabor and others (2000) 
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Defining and (or) 1:100,000 
Geologic unit Symbol representative references quadrangle(s) Area (township and range) 

Copper Lake, gabbro of, (])ib Tepper (1991), MBK T39N RlOE; T40N RlOE 
Chilliwack composite batholith, Tabor and others (in press b) 
Index family 

Copper Peak pluton Eit Cater and Crowder (1967), Cater TWS T31N R16-17E 
(1982), Ford and others (1988), 
Dragovich and Norman (1995) 

Cougar Divide, andesite of, Qva Tabor and others (1994, in press b) MBK T39N R8E 
andesite of Mount Baker 

Cow Creek, strata of, Kc2 R. A. Haugerud and R. W Tabor RBM T38N R19E 
Virginian Ridge Formation, (USGS, written commun., 2000) 
Pasayten Group 

Crescent Formation Eve Arnold (1906), CFL T20N R8-9W; T21N R5-10W; T22N R4-
Em1 Weaver (1937), MOL lOW; T23N R3-9W; T24N RlE,l,3-5W; 
Eib Tabor and Cady (1978a), PAN T25N R2-4W; T26N Rl-4W; T27N R2-4W; 

Eigb Rau (1986), PTW T28N R1E.2-5W; T29N R1E,1-9W; 
Evr Snavely and others ( 1993). SEA T30N R3-4.6-13W: T31N R8.12-14W; 
Ev! Babcock and others (1994) SHL T32N R14-15W 

Crook Mountain, schist of rvksh Tabor and others (1987a) CHL T28N R15-16E 

Cultus Formation J"l;mm Daly (1912), Blackwell (1983), MBK T36N R7,9E; T37N R7-9E; T41N R7E 
J'Imv Brown and others (1987) 

Cultus Formation and JDmt Tabor and others (1994, in press b) MBK T36N R9E; T37N R9E; T40N R9E 
Chilliwack Group. undivided 

Cyclone Lake pluton Kigd Bryant (1955), Ford and others SAU T34N Rll-12E 
(1988), Fluke (1992), 
Tabor and others (in press a) 

Darrington Phyllite, Jph Misch ( 1966) BEL T21N R13-14E; T22N R13E; T23N R12-
Easton Metamorphic Suite MBK 13E; T24N R12-13E: T25N R12E: 

F'TW T26N R12E; T29N RllE; T30N RllE; 
SAU T31N RlO-llE: T32N R9-11E; T33N R6-
SKY lOE; T34N R5-10E; T35N R4-6,8.10-11E: 
SNO T36N R2-7,10-11E; T37N R3-6.9-10E; 

T38N R5-6.9-10E; T39N R4.6-7,9-10E: 
T40N R8-9E 

Dead Duck pluton, Grotto M©igd Tabo and others (in press a) SAU T31N RllE 
batholith, Snoqualmie family 

Deadman Bay Volcanics l;Pmv Brandon and others (1988) BEL, RCH T35N R4W; T37N R2W 

Deer Peak, metavolcanic unit of Jmv Brown and others ( 1987) SAU T33N R7E; T34N R7E 

Deming Sand Qgdm Easterbrook ( 1962) BEL T38N R5E: T39N R4-5E 

Depot Creek, granite of, Mig Tabor and others (in press b) MBK T40N R12E 
Chilliwack composite batholith, 
Cascade Pass family 

De Roux unit Jar Miller (1975, 1980. 1985). WEN T22N R15E 
Miller and others (1993b) 

Devils Pass Member, Kcg2 Trexler (1985), MBK T34N R19E; T35N R19E: T36N R18E; 
Virginian Ridge Formation, R. A. Haugerud and R. W. Tabor TWS T37N R17E; T38N R16E 
Pasayten Group (USGS, written commun., 2000) 

Dewdney Creek Formation Jm Mahoney (1993), RBM T40N Rl 7-18E 
R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Dirty/ace pluton Kit Russell (1900), Ford (1959), CHL T27N R16E: T28N R16E 
Cater and Crowder ( 196 7), 
Miller and others (2000) 

Disappointment Peak, dacite of, Qvd Tabor and Crowder (1969), SAU T30N R14E 
volcanic rocks and Beget (1981, 1982), 
deposits of Glacier Peak Tabor and others (in press a) 

Doe Mountain, tonalite of, KJmi Daly (1912), RBM T40N R19E 
Remmel batholith R. A. Haugerud and R. W. Tabor 

(USGS, written commun., 2000) 

Donkey Creek drift Qapw1 Moore (1965) SHL T21N R9W 

Double Bluff Drift Qgpc Easterbrook ( 1965), Easterbrook and BEL. PAN north Puget Sound, eastern Strait of 
Qguc others (1967), Easterbrook (1994) PTW, SEA Juan de Fuca 

Downey Creek. sill complex of. see Downey Creek pluton 
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Downey Creek pluton Kigd Ford and others (1988), SAU T31N R14E; T32N R14-15E; T33N R12-
Tabor and others (in press a) 13E 

Downey Mountain stock. Mil Grant (1966), SAU T32N R12-14E 
Cascade Pass family Tabor and others (in press a) 

Dtokoah Point Member, Makah Formation, see Makah Formation 

Dumbell Mountain pluton >09 Cater and Crowder (1967), Cater TWS T29N R17-18E; T30N R16-17E; 
and Wright (1967), Cater (1982), T31N R16-17E; T32N R16E 
Tabor and others ( 1989) 

Duncan Hill pluton Eiq Libby ( 1964). Cater and Crowder CHL T28N R18-19E; T29N Rl 7-19E; 
(1967), Cater (1982), TWS T30N Rl 7-lSE; T31N Rl 7E 
Ford and others ( 1988) 

Dusty Creek assemblage, Qvl Beget ( 1981, 1982) SAU see Kennedy Creek assemblage 
volcanic rocks and 
deposits of Glacier Peak 

Eagle Gorge, M<Dva Hammond (1963), SNO T20N RSE; T21N R8-10E; T22N R8-10E 
volcanic rocks of Tabor and others (2000) 

Eagle tuff M<Dvt Yeats (1977), SKY T26N RllE; T27N Rll-12E 
Tabor and others (1993) 

Early Winters Creek, Kigd Tabor and others (1968), RBM T36N R18-19E 
stock south of Tennyson (1974), 

R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

East Sound Group PDmt Mclellan (1927), BEL T36N R2-3W; T37N R1E,1-3W 
Brandon and others ( 1988) RCH 

Eastern melange belt, undivided Jar, Jgn Yeats (1958a), PTW T22N RllE; T23N Rl0-1 lE; T24N RlOE; 
(includes volcanic rocks of Jib, Jigb Tabor and others (1982a, 1989. SAU T25N Rl0-1 lE; T26N Rl0-1 lE; 
Whitehorse Mountain, listed Jit, Hmc 1993. 2000, in press a) SKY T27N RlO-llE; T29N R9-11E; T30N R9-
separately) Hmt SNO lOE; T31N R8-11E; T32N R6-10E; 

T33N R5-7E 

Easton Metamorphic Suite, Jam Haugerud and others ( 1981), BEL, MBK T33N R8-11E; T34N R7-8,10E 
undivided Jmv Brown ( 1986), Gallagher and others SAU, SKY 

Jigb (1988), Tabor and others (1993, in SNO 
Ju press a,b) 

Easton Metamorphic Suite. Includes and listed under: Darrington Phyllite, semischist and phyllite of Mount Josephine, and Shuksan Greenschist. 
Greenstones (units Jmv and Jigb) and ultramafic rocks (unit Ju) north of the Skagit River (T36N R3-5E) are correlated with the Easton 
Metamorphic Suite by Gallagher and others ( 1988) and La pen (2000) and with the Helena-Haystack melange by Whetten and others (1980b) and 
Dragovich and others (1998, 1999, 2000b). 

Easy Pass, rocks of Kmcg Miller and others ( 1994), RBM T35N R16-17E; T36N R14,16E; 
Kmt R. A. Haugerud and R. W. Tabor T37N R14E 

(USGS, written commun., 2000) 

Egg Lake, granite porphyry of, Rig Tabor and others (in press b) MBK T39N RlOE 
Chilliwack composite batholith, 
Cascade Pass family 

Elbow Lake Formation, JPmt Blackwell (1983), BEL T37N R6E; T38N R6E; T39N R4E; 
Bell Pass melange pTmt Brown and others (1987), MBK T40N R4-5E; also. some of the 

Sevigny and Brown ( 1989) SAU distribution shown under Bell Pass 
melange, undivided, is Elbow Lake 
Formation 

Eldorado Orthogneiss Kog Misch ( 1966), Ford and others MBK, RBM T32N Rl6-17E; T33N R14,16E; 
(1988), McShane (1992), SAU, TWS T34N R14E; T35N Rl2-14E; T36N R12-
Tabor and others (in press a,b) 13E 

Elijah Ridge Schist Kmt Misch (1966), RBM T36N Rl4E; T37N Rl4E 
M,sh R. A. Haugerud and R. W. Tabor 

(USGS, written commun., 2000) 

Ellensburg Formation Mc Schmincke (1967), WEN T20N RISE; T21N Rl8-19E 
Swanson and others (1979) 

Elwha lithic assemblage <DEm Tabor and Cady ( 1978a) MOL T24N R5-6W; T25N R5-6W; T26N R5-7W; 
<DEmst PAN T27N R5-7W; T28N R7W; T29N R7-9W 
<DEvb 

Ensawkwatch Creek, diorite of, <Dib Tabor and others (in press b) MBK T40N RlOE 
Chilliwack composite batholith, 
Index family 



52 GEOLOGIC MAP OF WASHINGTON - NORTHWEST QUADRANT 

Defining and (or) 1:100,000 
Geologic unit Symbol representative references quadrangle(s) Area (township and range) 

Entiat pluton, Kiaa Waters (1932), Cater and Crowder CHL T27N R18-19E; T28N R17-19E; 
Chelan Complex Kit (1967), Cater and Wright (1967), TWS T29N Rl7-18E; T30N Rl6-17E; 

Kid Hopson and Mattinson (1971 ), T31N R16E 
Mattinson (1972), Tabor and others 
(1987a), Miller and Paterson (2001) 

Esmeralda Peaks diabase, Jib Miller (1975, 1985) SNO T22N Rl5-17E; T23N R14-15E 
Ingalls Tectonic Complex WEN 

Esperance Sand Member, Qga Newcomb (1952), SEA see Vashon Drift 
Vashon Drift Mullineaux and others ( 1965) 

Evans Creek Drift Qad Armstrong and others ( 1965) widespread in the Cascade Range and 
Qao eastern Olympic Mountains 

Everson Glaciomarine Drift Qgd, Qgdm Easterbrook (1968, 1976), BEL moderately widespread north of 
Qgo Dethier and others (1995, 1996), PAN T30N between R3W and R5E 

Qguc Dragovich and others ( 1997b, 1998, PTW 
1999, 2000b,c) RCH 

Excelsior Mountain, Kog Tabor and others (1993) SKY T28N R12E 
gneissic tonalite of 

Extension Formation, Kn Dawson (1886, 1890), Muller and BEL T37N Rl-2W 
Nanaimo Group Jeletzky (1970), Ward (1978) 

Falls Creek unit, Makah Formation, see Makah Formation 

Fidalgo Complex Ji, Jigb Whetten and others ( 1978. 1988), BEL T34N Rl-2W; T35N Rl-2W; T34N Rl-2E; 
Ju, Jv Brown and others (1979), Brandon PTW T35N Rl-2E 
KJm and others (1988), Blake and others 
KJvs (2000), Burmester and others (2000) 

Fidalgo Ophiolite, see Fidalgo Complex T34N 1-2E; T35N 1-2E 

Fifes Peak Formation Mva Warren ( 1941), Vance and others SNO T20N R9-10E; T21N R8-10E; T22N R8-9E 
Mvt (1987), Tabor and others (2000) 

Foam Creek stock Kigd Ford (1959), SAU T29N R14E; T30N R14E 
Crowder and others ( 1966), 
Tabor and others (in press a) 

Fortune Creek, stock near Kit Laursen and Hammond (1974), SNO T23N R14E 
Tabor and others (2000) 

Fourth Creek gabbro, Jib Miller (1975) WEN T22N R15-16E; T23N R14-16E 
Ingalls Tectonic Complex 

Freezeout Creek, strata of, Km1 R. A. Haugerud and R. W. Tabor RBM T36N Rl 7E; T37N R16-17E; 
Harts Pass Formation, (USGS, written commun., 2000) T40N R14,16E; T41N R14E 
Three Fools Creek sequence 

Fuller Mountain plug Eigd Tabor and others ( 1993) SKY T24N R8E 

Gabriel Peak, ElKog Misch (1977), Hoppe (1984), RBM T35N R14,16E; T36N R14,16E 
orthogneiss of Miller ( 1987) TWS 

Gamma Ridge, Rv Crowder and others ( 1966), SAU T30N R14E; T31N R14-15E 
volcanic rocks of Tabor and Crowder (1969), 

Tabor and others (in press a) 

Garfield Mountain, <Dvd Tabor and others (1993) SKY T24N RlO-llE 
volcanic rocks on 

Garrison Schist pPsh Danner (1966), Vance (1975, 1977), RCH T35N R4W; T36N R4W 
Brandon and others ( 1988) 

Glacier Peak, volcanic rocks Qvd Culver (1936), Tabor and Crowder SAU T30N R14-15E; T31N R14-15E 
and deposits of, undivided (1969), Beget ( 1981, 1982) 

Glacier Peak, volcanic rocks and deposits of. Includes and listed under: Baekos Creek assemblage, Chocolate Creek assemblage, dacite of 
Disappointment Peak, Dusty Creek assemblage, Glacier Peak tephra, Kennedy Creek assemblage, Suiattle fill, White Chuck assemblage, White 
Chuck cinder cone, White Chuck fill, and White Chuck luff. 

Glacier Peak tephra, Qvp Porter (1976), Beget (1981, 1982). SAU T30N R13-16E; T31N R14-15E 
volcanic rocks and Tabor and others (in press a) 
deposits of Glacier Peak 

Goat Island terrane KJms Whetten and others (1988), PTW T33N R2-3E 
KJmv Dragovich and others (2000c) 

Goat Wall unit, undivided, Kc2 R. A. Haugerud and R. W. Tabor RBM T37N R18-19E 
Pasayten Group (USGS, written commun., 2000) 

Goat Wall unit. Includes and listed under: volcanic rocks of Goat Wall unit and Ventura Member of the Midnight Peak Formation. 
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Goat Wall unit, volcanic rocks Kv2 R. A. Haugerud and R. W. Tabor RBM T37N R18-19E 
of, Pasayten Group (USGS, written commun., 2000) 

Goblin Peak stock, <Digd Weaver (1912a), SKY T28N R12E; T29N Rll-12E 
Index batholith, Index family Tabor and others (1993) 

Golden Horn batholith Eig Misch (1952), Stull (1969) RBM T35N R16-19E; T36N Rl4,16-18E; 
TWS T37N R14,16-17E 

Governor's Point Member, Chuckanut Formation, see Chuckanut Formation 

Grand Valley lithic assemblage MEm Tabor and Cady (1978a) MOL T25N R5W; T26N R5W; T27N R5-7W; 
MEmst T28N R5-7W 

Grande Ronde Basalt, undivided Mv9 Swanson and others (1979) WEN T20N R18-19E; T21N R18-19E 

Grande Ronde Basalt. Includes and listed under: invasive flow of Howard Creek. 

Granite Falls stock and Eigd Yeats and Engels (1971), PTW T30N R7E; T31N R6E 
associated plutons Whetten and others (1988), SAU 

Tabor and others (in press a) 

Grassy Point stock Kit Crowder and others (1966), SAU T31N R14E 
Tabor and others (in press a) 

Grisdale drifts Qad, Qao Carson (1970) SHL T21N R7-8W; T22N R7-8W; T23N R7-8W 
Qap 

Grotto batholith, undivided, M<Dig Yeats (1958a), Erikson (1969), SKY T25N R12E; T26N RlO-llE; T27N RllE; 
Snoqualmie family M©igb Tabor and others (1993) T28N RllE; T29N RllE; T30N RllE 

M©it 

Grotto batholith, Snoqualmie family. Includes and listed under: Dead Duck pluton, Monte Cristo stock, and granite of San Juan Creek. 

Hammer Bluff Formation Mc Glover (1936), Mullineaux and TAC T21N R6E 
others (1959), Vine (1969) 

Hannegan Volcanics Rv Misch (1952), MBK T38N RlOE; T39N RlOE 
Rvx Tabor and others (in press b) 

Hanson Lake, rhyolite of Evr Danner (1957), SAU T29N R7E; T30N R6-8E 
Tabor and others (in press a) 

Harding Mountain, tonalite of, Kit Tabor and others ( 1987a, 1993) CHL T23N RISE; T24N R14-15E 
Mount Stuart batholith SKY 

Haro Formation •n Mclellan (1927), Vance (1975) RCH T36N R4W 

Harts Pass Formation, undivided, Km1 Barksdale (1975), RBM T35N R18-19E; T36N R17-19E; 
Three Fools Creek sequence R. A. Haugerud and R. W. Tabor T37N R16-18E; T38N R14,16-18E; 

(USGS, written commun., 2000) T39N R14,16-19E; T40N R14,16-18E; 
T41N R14E 

Harts Pass Formation, Three Fools Creek sequence. Includes and listed under: strata of Freezeout Creek and conglomerate of Harts Pass 
Formation. 

Harts Pass Formation, Kcg1 R. A. Haugerud and R. W. Tabor RBM T38N R14E; T39N RI4E 
conglomerate of, (USGS, written commun., 2000) 
Three Fools Creek sequence 

Haslam Formation, Kn Dawson (1886, 1890), Muller and BEL T37N Rl-2W 
Nanaimo Group Jeletzky (1970), Ward (1978) 

Hawkins Formation, Jib Smith (1904), Southwick (1962), WEN T22N R16-18E; T23N RI5,17-18E 
Ingalls Tectonic Complex Miller (1975, 1985) 

Haystack Creek, Kog Misch (1979), Tabor and others (in MBK T35N R12E; T36N R12E 
orthogneiss of press b) 

Haystack Creek leucotrondhjemitic orthogneiss, see Haystack Creek, orthogneiss of 

Haystack terrane, see Helena-Haystack melange. Greenstones (units Jmv and Jigb) and ultramafic rocks (unit Ju) north of the Skagit River (T36N 
R3-5E) are correlated with the Easton Metamorphic Suite by Gallagher and others ( 1988) and La pen (2000) and with the Helena-Haystack 
melange by Whetten and others ( 1980b) and Dragovich and others (1998, 1999, 2000b). 

Helena-Haystack melange Jam, Jmt Whetten and others (1980b, 1988), BEL T30N RlOE; T31N R9-10E; T32N R9,10E; 
Jigb, Jit Tabor (1994), PTW T33N R4-9E; T34N R4-8E; T35N R4-5; 

Jmm, Jmv Dragovich and others ( 1998, 1999, SAU T36N R3-6E 
Ju 2000b) 

Hidden Lake stock Kigd Misch (1966) MBK T35N R12-13E 
SAU 

High Pass pluton Kigd Cater and Crowder ( 196 7), TWS T29N R16E; T30N Rl5-16E 
Cater ( 1982), Ford and others 
(1988), Hurlow (1992) 
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Hobuck Lake, sedimentary Evb Snavely and others ( 1993) CFL T31N R13-14W; T32N R14-15W; 
and basaltic rocks of Eve T33N R15W 

Hoh lithic assemblage, see Hoh rock assemblage 

Hoh rock assemblage MEm Rau (1973), CPB T25N Rl0-12W; T26N R10-12W; 
MEmst Tabor and Cady ( 1978a) FRK T27N R13-14W; T28N R13-15W 

MEbx, Mm 
Mmst, <DEm 

©Ernst 

Hoh Oxbow drift Qad, Qao Thackray ( 1996) FRK, MOL T26N Rll-12W; T27N Rll-12W 

Hoko River Formation, Em2 Snavely and others (1978), CFL T29N R4-5W; T30N R5-12W; 
lower Twin River Group Tabor and Cady (1978a), PAN T31N R8,10,12-14W; T32N R13-15W; 

Snavely and others ( 1993) T33N R14-15W 

Holden, biotite granodiorite and Eigd Cater and Wright (1967), TWS T31N R17E 
granite near Cater ( 1982) 

Holden, Eit Cater and Wright (1967), TWS T30N R17E; T31N R17E 
hornblende biotite tonalite near Cater ( 1982) 

Holden area, 1hm Cater and Crowder (1967), TWS T29N Rl8-19E; T30N R17-19E; 
younger gneissic rocks of the Cater and Wright (1967), T31N Rl6-18E: T32N R16-17E 

Miller and others ( 1994) 

Holden Lake pluton Eit Cater and Crowder (1967), Cater TWS T32N R16E 
(1982), Ford and others (1988), 
Dragovich and Norman (1995) 

Howard Creek, invasive flow of, Mvi9 Rosenmeier ( 1968) WEN T20N R18-19E; T21N R18-19E 
Grande Ronde Basalt 

Howson andesite Mva Smith and Calkins (1906), SNO T22N R14E 
Tabor and others (2000) 

Hozomeen Group JPvs Daly (1912), McTaggart and MBK T37N R14, 16E; T38N R14, 16E; 
Thompson (1967), Haugerud (1985), RBM T39N R13-14E; T40N R13-14E; 
Tabor and others (in press b) T41N R13-14E 

Hozomeen stock M<Dit Tabor and others (1968), MBK T40N R14E 
R. A. Haugerud and R. W. Tabor RBM 
(USGS, written commun., 2000) 

Humptulips drift Qapw2 Moore (1965) CPB T20N R9-13W; T21N R9-13W: 
SHL T22N R9.12-13W; T23N R9-13W 

Humptulips Formation Em2 Rau (1984) SHL T20N R9W; T21N R9W 

Huntingdon Formation <DEc Miller and Misch ( 1963), BEL T39N R4-5E; T40N R4-5E 
Dragovich and others ( 1997b) 

Icy Peak, quartz diorite and Fi'iq Tabor and others (in press b) MBK T39N RlOE 
quartz monzodiorite of, 
Chilliwack composite batholith, 
Cascade Pass family 

Index batholith. undivided, <Digd Weaver (1912a), SKY T25N R9E; T26N R9-10E; T27N RS-llE; 
Index family Tabor and others (1993) T28N R9-12E: T29N R10-12E 

Index batholith. Includes and listed under: Goblin Peak stock, Sunday Creek stock, and metaporphyry on Troublesome Mountain. 

Index family. Includes and listed under: Baker River phase, biotite alaskite of Mount Blum, C'1illiwack composite batholith undivided, gabbro of 
Copper Lake. diorite of Ensawkwatch Creek, Goblin Peak stock, Index batholith undivided, tonalite of Maiden Lake, granodiorite of Mount 
Despair. Pocket Peak phase, Price Glacier pluton, Sauk ring dike, Shake Creek stock, Silesia Creek pluton. Squire Creek stock, Sunday Creek 
stock, and metaporphyry on Troublesome Mountain. 

Indian Mountain phase, <Digd Tabor and others (in press b) MBK T39N RlO-llE: T40N RllE 
Chilliwack composite batholith, 
Snoqualmie family 

Ingalls Tectonic Complex, Jar Hopson and Mattinson ( 1973), CHL T22N R14-18E; T23N R14-18E; 
undivided KJhmc Southwick (1974), Miller (1975, SKY T24N R14-17E; T25N R16-17E 

Jib 1977, 1980, 1985), SNO 
Jmv Cowan and Miller (1981), I/JEN 
Ju Miller and others (1993b) 

Ingalls Tectonic Complex. Includes and listed under: Esmeralda Peaks diabase, Fourth Creek gabbro, Hawkins Formation, and Peshastin 
Formation. 

Isabella Ridge, andesite of, see Lookout Mountain unit of the Newby Group 

Jack Mountain Phyllite Msh Misch (1966) MBK T37N R14.16E; T38N R13-14E; 
pTu RBM T39N R13-14E; T40N R13E 
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Jackita Ridge unit, undivided, Km1 R. A. Haugerud and R. W. Tabor RBM T36N R17E; T37N R16E; T38N R16E; 
Three Fools Creek sequence (USGS, written commun., 2000) T39N R14, 16-17E; T40N R14, 16-17E 

Jackita Ridge unit, Three Fools Creek sequence. Includes and listed under: strata of Majestic Mountain and conglomeratic strata of Two Buttes 
Creek. 

Jansen Creek Member, Makah Formation, see Makah Formation 

Jordan Lakes pluton Kigd Bryant (1955), Ford and others SAU T34N Rl 1-12E; T35N Rl l-12E 
(1988), Fluke (1992), 
Tabor and others (in press a) 

Keechelus Andesitic Series OlEva Warren and others (1945), SNO west-central Cascade Range 
OlEian Walsh (1984) 

Kennedy Creek assemblage, Ovl Dethier and Whetten (1981), BEL T30N Rl3-15E; T31N Rl0-15E; T32N R8-
volcanic rocks and deposits of Beget (1981, 1982), PTW 13E; T33N RlO-llE; T34N R3-4,10E; 
Glacier Peak (includes Dusty Dragovich and others SAU T35N R4-6E 
Creek and Baekos Creek (1998, 1999, 2000a,b,c) 
assemblages, also listed 
separately) 

Kittitas Drift Oap Porter (1975, 1976), Waitt (1979) WEN T20N Rl6E; T21N Rl5-16E; T23N Rl 7-
Oapo 18E 

Klachopis Point Member, Makah Formation, see Makah Formation 

Kulshan caldera, rocks of, Ovr Hildreth and Lanphere (1994), MBK T38N R8E; T39N R8E 
undivided (includes ignimbrite of Ovt Hildreth (1994, 1996), 
Swift Creek, listed separately) Tabor and others (in press b) 

Kyes Peak, breccia of Mvc Tabor and others (1982a, 1993) SKY T28N Rll-12E; T29N Rll-12E 

Ladner Group, see Dewdney Creek Formation 

Lake Ann stock, Rigd James (1980), MBK T38N R9E; T39N R9E 
Chilliwack composite batholith, Tabor and others (in press b) 
Cascade Pass family 

Lake Juanita, leucogneiss of, TKog Miller (1987), TWS T23N Rl8E 
Skagit Gneiss Complex Miller and Bowring (1990) 

Lake Keechelus tuff member, Olvt Fiske and others (1963), SNO T21N RllE; T22N RllE 
Ohanapecosh Formation Tabor and others (2000) 

Lake Shannon, basalt of Ovb Tabor and others (in press b) MBK T36N R8E 

Lakedale Drift Oao, Oad Porter (1975, 1976), Waitt (1979) WEN T21N R18E; T23N R17-18E 

Lamb Butte, trondhjemite of KJog Hurlow and Nelson (1993), RBM T40N Rl8-19E 
Todd (1995a,b) 

Larch Lakes pluton Eigd Cater (1982) TWS T30N Rl7E 

Lasiocarpa Ridge, andesite of, Ova Tabor and others (in press b) MBK T39N R8E 
andesite of Mount Baker 

Lava Divide, andesite of, Ova Cater and Wright (196 7), MBK T38N R8E 
andesite of Mount Baker Tabor and others (in press b) 

Leroy Creek pluton Kog Cater ( 1982) TWS T30N R16E; T31N Rl6E 

Lightning Creek stocks Kid Daly (1912), RBM T40N R14E; T41N Rl4E 
Staatz and others (1971), 
R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Lincoln Creek Formation OlEm Weaver (1912b), SHL T20N R7-8W: T21N R6-7W; T22N R4W: 
Arnold and Hannibal (1913), T23N R3-4W 
Beikman and others (1967) 

Little Beaver Creek, Oligd Tabor and others (in press b) MBK T39N Rl2E; T40N R12-13E 
biotite granodiorite of, 
Chilliwack composite batholith, 
Snoqualmie family 

Little Jack unit M,sh Tabor and others (1989, in press b), MBK T37N Rl4, 16E; T38N Rl4E; T39N Rl3E: 
pTu R. A. Haugerud and R. W. Tabor RBM T40N Rl3E 

(USGS. written commun., 2000) 

Lizard Lake, basaltic sandstone Em1 Snavely and others ( 1993) CFL T31N R12-13W; T32N R14W 
and conglomerate of 
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Lookout Mountain unit, Jmv Barksdale (1948, 1975), RBM T40N R18-19E 
Newby Group Dixon (1959), Stoffel and McGroder 

(1990), Mahoney and others (1996), 
R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Lopez structural complex KJmm Brandon (1980), Cowan and Miller PTW T34N Rl-2W 
KJmv (1981), Brandon and others (1988), 

Blake and others (2000), 
Burmester and others (2000) 

Lost Peak stock Kigd Tabor and others (1968) RBM T38N R18-19E; T39N R18-19E 

Lummi Formation Jmt Vance (1975), BEL T34N RlW; T35N R2E,l-2W; 
KJmm Blake and others (2000) PTW T36N R1W,l-2E; T37N Rl-2E; T38N RlE 

Lyall Ridge, Mix Cater (1960), Grant (1966, 1969) TWS T32N Rl6E; T33N R16E 
porphyries and breccias of 

Lyman lahar Qvl Dragovich and others ( 1999, BEL T34N R3-4E; T35N R4-6E 
2000a,b) PTW 

Lyman Rapids drift Qap Thackray ( 1996) FRK, MOL T24N Rll-12W; T25N RllW 

Lyman Rapids outwash Qapo Thackray ( 1996) FRK T24N Rll-13W; T25N Rll-12W 

Lyre Formation Emz Weaver (1937), Brown and others CFL T28N R2-3W; T29N Rl-2W; T30N R7-
Em (1956, 1960), Ansfield (1972), PAN 12W; T31N Rl2-14W; T32N Rl4-15W; 
Eva Tabor and Cady (1978a), PTW T33N Rl5-16W 
Evt Snavely and others ( 1993) SEA 

Magic Mountain Gneiss •iq Tabor (1961) SAU T33N Rl4E; T34N Rl3-14E 
TWS 

Maiden Lake, tonalite of, CD it Tabor and others (in press b) MBK T38N R9E; T39N R9E 
Chilliwack composite batholith, 
Index family 

Majestic Mountain, strata of, Km1 R. A. Haugerud and R. W. Tabor RBM T36N Rl7E; T37N Rl6-17E 
Jackita Ridge unit, (USGS, written commun., 2000) 
Three Fools Creek sequence 

Makah Formation, undivided, CDEm Snavely and others ( 1978, 1980, CFL T29N R3W; T30N R3-11W: T31N R7-
middle Twin River Group 1993) PAN 12W; T32N R12-14W; T33N Rl4-15W 

Makah Formation, middle Twin River Group. Includes: Baada Point Member, Carpenters Creek Tuff Member, Dtokoah Point Member, Falls Creek 
unit, Jansen Creek Member, Klachopis Point Member, and Third Beach Member. 

Maple Falls Member, Chuckanut Formation, see Chuckanut Formation 

Marble Creek Orthogneiss, Kog Misch (1966, 1979), MBK T35N R12E; T36N Rll-12E 
Skagit Gneiss Complex Tabor and others (in press b) 

Marblemount pluton (includes "J;iq Misch (1952, 1966), MBK T29N R17-18E; T30N Rl6-17E; 
the Marblemount Meta-Quartz "J;og Tabor and others (1989, SAU T31N R16-17E; T32N Rl6E: T33N Rl3-
Diorite, not listed separately) in press a,b) TWS 14E; T34N Rl2-14E; T35N Rll-12E; 

T36N RllE; T37N RllE 

Marrowstone Shale CDEm Durham (1944) PTW T30N RlE,l-2W 

Marysville Sand Member, Qgos Newcomb (1952), PTW T29N R5E; T30N R5E; T31N R5E 
Vashon Drift Minard (1985g) 

McGregor Mountain, TKog Adams (1962), TWS T33N Rl 7E 
migmatitic orthogneiss of, Nicholson (1991) 
Skagit Gneiss Complex 

Middle Fork Nooksack River, Qvl Hyde and Crandell ( 1978) BEL T38N R5E; T39N R5E 
lahar of the 

Middle Peak, heterogeneous CD it Tabor and others (in press b) MBK T40N RlOE; T41N RlOE 
tonalite and granodiorite of, 
Chilliwack Composite batholith, 
Index family 

Midnight Peak Formation, Kc2 Barksdale (1948, 1975), RBM T34N R19E; T35N R19E; 
undivided (includes Ventura Kv2 Staatz and others (1971), T37N Rl7-19E; T38N R17-18E 
Member of the Midnight Peak Stoffel and McGroder (1990) 
Formation, listed separately) 

Mineral Mountain pluton, Mig Tabor and others (in press b) MBK T39N RlO-llE 
Chilliwack composite batholith, 
Cascade Pass family 

Mobray drift Qapwz Carson (1970) SHL T20N R7-8W; T21N R7-8W 
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Money Creek gabbro pTigb Plummer (1964), SKY T26N RlOE 
Tabor and others (1993) 

Monte Cristo stock, M<Digd Yeats (1958a), Erikson (1969), SAU T29N RllE; T30N RllE 
Grotto batholith, Tabor and others (1993), SKY 
Snoqualmie family Tabor and others (in press a) 

Montesano Formation Mm2 Weaver (1912b) SHL T20N R6-7W; T21N R6-7W 

Monument Peak stock Eig Tabor and others (1968), RBM T37N Rl9E: T38N Rl8-19E; T39N Rl9E 
R. A. Haugerud and R. W Tabor 
(USGS. written commun., 2000) 

Mount Baker. andesite of. Qva Tabor and others (1994, in press b), MBK T37N R7-8E; T38N R7-8E 
undivided Hildreth and Lanphere (2000) 

Mount Baker, andesite of. Includes and listed under: andesite of Bastile Ridge, andesite of Black Buttes, andesite of Coleman Pinnacle, andesite of 
Cougar Divide, andesite of Lasiocarpa Ridge, andesite of Lava Divide, andesite of Pinus Lake, andesite of The Portals, andesite of Swift Creek, 
and andesite of Table Mountain. 

Mount Bailard, volcanic breccia Kv2 R. A. Haugerud and R. W. Tabor RBM T37N Rl7E 
of, Virginian Ridge Formation. (USGS, written commun., 2000) 
Pasayien Group 

Mount Benzarino, RKog Misch (1977), Hoppe (1984), TWS T33N Rl7-18E; T34N Rl6-17E; 
orthogneiss of Miller (1987), T35N Rl6-l 7E 

Dragovich and Norman (1995) 

Mount Blum, biotite alaskite of. <Dig Tabor and others (in press b) MBK T37N RlOE; T38N Rl0-1 lE 
Chilliwack composite batholith, 
Index family 

Mount Buckindy pluton, Mil Bryant ( 1955), SAU T33N Rl2E; T34N Rl2-13E 
Cascade Pass family Mix Tabor and others (2000) 

Mount Catherine Rhyolite Evt Foster (1957), SNO T22N RllE; T23N RllE 
Member, Naches Formation Tabor and others (1984) 

Mount Daniel, <Dvd, <Dvr Ellis (1959), Simonson (1981), SKY T22N Rl4E; T23N Rl3-14E; T24N Rl3-
volcanic rocks of <Dvt, <Dian Tabor and others ( 1993, 2000) SNO 14E 

<Dir 

Mount Despair, granodiorite of, <Digd Tabor and others (in press b) MBK T36N RllE; T37N Rl0-12E: T38N RIO-
Chilliwack composite batholith, <Dii llE: T39N RlO-llE 
Index family 

Mount Herman. sedimentary PDms Tabor and others (in press b) MBK T38N R9E; T39N R9E 
rocks of, Chilliwack Group 

Mount Herman, volcanic rocks PDmv Tabor and others (in press b) MBK T38N R8-9E; T39N R8-9E 
of, Chilliwack Group 

Mount Hinman, granite of. M<Dig Erikson (1969), SKY T24N Rl3E 
Snoqualmie batholith, Tabor and others (1993) 
Snoqualmie family 

Mount Josephine, Jph Tabor and others ( 1994, BEL semischist occurs as relict semischistose 
semischist and phyllite of, in press a,b), MBK metasandstone and metaconglomerate 
Easton Metamorphic Suite Dragovich and others ( 1998, 1999) SAU beds in Darrington Phyllite in the Sauk 

and Skagit River valley areas 

Mount Persis, volcanic rocks of Ev Tabor and others (1982a) SEA, SKY T23N R7-8E; T24N R8E; T25N R8-9E; 
Eva SNO T26N R6-10E; T27N R7-9E 

Mount Pilchuck stock Eig Yeats and Engels ( 1971) SAU T30N R8E 

Mount Rahm. <Dvx Mathews and others ( 1981), MBK T40N Rl2-13E; T41N Rl2-13E 
volcanic rocks of Haugerud and others (1991), 

Tabor and others ( in press b) 

Mount Sefrit gabbronorite, Migb Tepper and others ( 1993), MBK T39N R9-10E; T40N R9E 
Chilliwack composite batholith. Tabor and others (in press b) 
Snoqualmie family 

Mount Stickney, drift of Qap Booth ( 1990) SKY T29N R8E 

Mount Stuart batholith, Kid Russell (1900), Smith (1904), CHL T23N Rl5-17E; T24N Rl4-17E; 
undivided Kigb Erikson (1977), Tabor and others SKY T25N Rl3-17E; T26N Rl2-16E; 

Kigd (1982a,b, 1987a, 1993), WEN T27N Rl2-15E 
Kit Paterson and others ( 1994) 

Mount Stuart batholith. Includes and listed under: Beckler Peak stocks and tonalite of Harding Mountain. 

Mount Triumph, orthogneiss of TKog Tabor and others (1994, in press b) MBK T37N RllE; T38N RllE 
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Naches Formation, undivided Ec2, Ev Smith and Calkins (1906), SKY T20N Rl2-13E; T21N Rll-13E; 
(includes Guye Sedimentary Evb, Evr Foster (1967), SNO T22N Rl0-13E; T23N Rll-13E; 
Member, not listed separately) Tabor and others ( 1978, 2000) T24N R12E 

Naches Formation. Includes and listed under: Mount Catherine Rhyolite Member. 

Nanaimo Group, undivided Kn Dawson (1886, 1890), RCH T36N R3-4W; T37N R2-4W 
Muller and Jeletzky (1970), 
Ward (1978), Pach! (1984), 
Mustard and Rouse (1994) 

Nanaimo Group. Locally divided into and listed under: Cedar District Formation, Comox Formation, Extension Formation, Haslam Formation, and 
Protection Formation. 

Napeequa River area, rocks of JPhmc Cater and Crowder (1967), CHL T28N R15 16E; T29N Rl5-16E; 
the (see also Napeequa Schist) Tabor and others (1994, in press b) T30N RlS-16; T3IN RISE 

Napeequa Schist JPhmc Tabor and others (1987a, 1989, in CHL T25N R19E; T26N R18-19E; T27N R17-
pTog press a,b) MBK 19E; T28N R15-18E; T29N R15-17E; 
TKbg SAU T30N R15-17E; T3IN Rl4-16E; 

TWS T32N R12-15E; T33N Rll-13E; 
T34N Rll-13,16-19E; T35N Rll-14,16E; 
T36N Rl 1-12, 14E; T37N Rll-14E; 
T38N RllE 

Napeequa Schist. Defined by Tabor and others (in press a) to include: rocks of the Napeequa River area, Rainbow Lake Schist. Twisp Valley 
Schist, and part of Cascade River Schist of Misch (1966). 

Napeequa unit, see Napeequa Schist 

Nason Ridge Kbg Vance (1957), Tabor and others CHL T27N Rl2-15E; T28N R12-15E; T29N 
Migmatitic Gneiss Kog ( 1988, 1993. in press a) SAU RI2-14E; T30N Rll-14E; T31N Rll-12E; 

SKY T32N Rll-12E; T33N R12E 

Needle, The, orthogneiss of, 1og Haugerud and others (1991), MBK T36N Rl3E; T37N RI2-13E 
Skagit Gneiss Complex Tabor and others (in press b) 

Needles-Gray Wolf <DEm Tabor and Cady ( 1978a) CFL T24N R4-5W; T25N R4-5W; T26N R4-5W; 
lithic assemblage <DEmst MOL T27N R4-5W; T28N R4-7W; T29N RS-

<DEvb PAN 12W; T30N R10-12W 

Newby Group. Includes and listed under: Lookout Mountain unit. 

Nooksack Cirque, quartz Riqm Tabor and others (in press b) MBK T39N R9-10E 
monzonite and granite of, 
Chilliwack composite batholith, 
Cascade Pass family 

Nooksack Formation. undivided KJmm McKee and others ( 1956), Misch MBK T36N R8-9E; T37N R8-9E: T38N R7-9E: 
(1966, 1977), Sondergaard (1979), T39N R7-8E; T40N R7-8E 
Tabor and others (in press b) 

Nooksack Formation. Includes and listed under: Wells Creek volcanic member. 

North Creek Volcanics Kmt Misch (1966), TWS T34N Rl8-19E; T35N RISE 
Miller and others ( 1994) 

North Peak, PDmv Smith and Calkins (1906). Ashleman SNO T21N Rl3E; T22N RI3E 
metavolcanic rocks of (1979). Tabor and others (2000) 

Ohanapecosh Formation, <Dvc Fiske and others (1963) SNO T20N R7-12E: T21N R7-12E: T22N R7-
undivided llE; T23N R8-9E 

Ohanapecosh Formation. Includes and listed under: Lake Keechelus luff member. 

Old Gib volcanic neck, Eir Cater and Crowder (1967), TWS T30N Rl6E 
dacite of Cater ( 1982) 

Olympia beds Qc Armstrong and others ( 1965), PAN, PTW widespread in bluffs along Puget Sound 
Qgpc Mullineaux and others (1965), SEA, TAC 
Qguc Borden and Troost (2001) 

Orcas Chert, see Orcas Formation 

Orcas Formation J1mc Mclellan (1927), Vance (1975). BEL, PAN T34N R3W; T35N R2-4W: T36N Rl-4W: 
Brandon and others ( 1988) RCH T37N Rl-2W 

Osceola Mudflow Qvl Crandell and Waldron (1956), TAC T20N R5-6E: T21N R5-6E 
Vallance and Scott ( 1997) 

Oval Peak pluton Rit Adams (1961), Libby (1964), Miller TWS T33N R19E 
(1987), Miller and Bowring (1990), 
Miller and others (1993c) 

Padden Member, Chuckanut Formation, see Chuckanut Formation 
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Panther Creek Formation Km1 Barksdale (1975), RBM T37N Rl 7E; T38N R14,17E; 
Stoffel and McGroder ( 1990) T39N R14,17,19E; T40N R14,17,19E 

Park Butte, basalt of Qvb Tabor and others (in press b) MBK T37N R7E 

Partridge Gravel, Vashon Drift Qgo, Qgos Easterbrook (1968) PTW T31N Rl-2E; T32N Rl W, 1-2E 

Pasayten Group (Daly, 1912; Coates, 1974; R. A. Haugerud and R. W. Tabor, USGS, written commun .. 2000). Includes and listed under: strata of 
Cow Creek, Devils Pass Member of the Virginian Ridge Formation, Goat Wall unit undivided, volcanic rocks of the Goat Wall unit, volcanic breccia 
of Mount Ballard, Slate Peak Member of the Virginian Ridge Formation, volcanic rocks of Three A M Mountain, Ventura Member of the Midnight 
Peak Formation, Virginian Ridge Formation undivided, and Winthrop Formation undivided. 

Pasayten stock Kigd Tabor and others (1968), RBM T37N R18-19E; T38N R17-19E 
R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Pear Lake, gneissic tonalite of Kog Tabor and others (1993) SKY T28N Rl3E 

Perry Creek phase, M<Dit Tabor and others (in press b) MBK T38N Rll-13E; T39N Rll-12E; 
Chilliwack composite batholith. T40N R12-13E; T41N R13E 
Snoqualmie family 

Peshastin Formation. Jar Smith (1904), Southwick (1962), WEN T22N Rl5-18E; T23N R17-18E 
Ingalls Tectonic Complex Miller (1975), 

Miller and Frost ( 1977) 

Pinus Lake, andesite of, Qva Tabor and others (in press b) MBK T39N R8E; T40N R8E 
andesite of Mount Baker 

Pioneer Ridge, volcanic rocks of <Dvd, <Dvx Tabor and others (in press b) MBK T38N RllE 

Pocket Peak phase, Chilliwack <Dig Tabor and others (in press b) MBK T39N RlOE; T40N R9-10E; T41N RlOE 
composite batholith, Index family 

Portals, The, andesite of, Ova Tabor and others (in press b) MBK T38N R8E; T39N R8E 
andesite of Mount Baker 

Possession Drift Qgpc Easterbrook and others (1967) BEL, PAN widespread in bluff exposures in the 
Qguc PTW, SEA northern Puget Sound and eastern Strait 

of Juan de Fuca 

Price Glacier pluton, Chilliwack <Diq Tabor and others (in press b) MBK T39N R9-10E 
composite batholith, Index family 

Protection Formation. Kn Dawson (1886), Muller and Jeletzky BEL T38N R2W 
Nanaimo Group (1970), Ward (1978) 

Puget Group, undivided Ec2 White (1888), Willis and Smith SNO T20N R7E; T21N R6-7E; T22N R6-7E 
(1899), Vine (1969) TAC 

Puget Group. Locally subdivided into and listed under: Renton Formation, Tiger Mountain Formation, and Tukwila Formation. 

Purple Creek, orthogneiss of, TKog Haugerud and others (1991), TWS T32N Rl8E; T33N Rl 7-18E 
Skagit Gneiss Complex Nicholson (1991) 

Puyallup Formation Qc, Qgpc Crandell and others ( 1958) TAC bluff exposures in Puyallup Valley 

Pysht Formation, M<Dm Snavely and others (1978, 1993) CFL T30N R4-8W: T31N R8-12W; T32N Rll-
upper Twin River Group PAN 13W 

Quillayute Formation FIMn Reagan (1909), Rector (1958), FRK T28N R14W 
Rau (1979) 

Quimper Sandstone <DEm Durham ( 1 944), PTW T29N Rl-2W,1E: T30N RlW,lE 
Whetten and others ( 1988) SEA 

Quinault Formation FIMn Arnold (1906), Rau (1970), CPB T21N R13W; T22N R13W; T23N Rl3W 
Palmer and Lingley (1989) 

Raging River Formation Em2 Vine (1962, 1969), Wolfe (1968), SEA. SKY T23N R4. 7E; T24N R7E 
Johnson and O'Connor (1994) SNO 

Railroad Creek pluton Eigd Libby (1964), Cater and Crowder TWS T30N R18-19E: T31N Rl7-18E; 
(1967), Cater (1982), T32N R16-17E; T33N Rl6-17E; 
Ford and others ( 1988) T34N R16E 

Rainbow Lake Schist JPhmc Adams (1962), TWS T34N Rl6-l 7E 
(see also Napeequa Schist) Miller and others ( 1994) 

Rainbow Mountain, orthogneiss TKog Haugerud and others ( 1991), TWS T33N Rl 7E 
of. Skagit Gneiss Complex Nicholson ( 1991) 

Rampart Mountain pluton Eig Cater (1982), TWS T29N Rl 7E; T30N Rl 7E 
Dragovich and Norman (1995) 

Rattlesnake Mountain, <Dvc Walsh (1984) SKY T23N R7-8E: T24N RSE 
volcanic rocks of SNO 
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Redoubt Creek, quartz monzo- Miqm Tabor and others (in press b) MBK T40N Rll-12E; T41N R12E 
diorite of, Chilliwack composite 
batholith, Cascade Pass family 

Remmel batholith, undivided KJog Daly (1912), RBM T40N R18-19E 
R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Remmel batholith. Includes and listed under: tonalite of Doe Mountain. 

Renton Formation, Puget Group Ec2 Waldron (1962), Wolfe (1968), SEA, SNO T22N R7E: T23N R4- 7E: T24N R5- 7E 
Vine (1969) TAC 

Reynolds Peak phase, Kit Miller (1987) TWS T33N R18-19E; T34N R18E 
Black Peak batholith 

Riddle Peaks pluton Kigb Cater and Crowder (1967), Cater TWS T31N R17E; T32N Rl6-17E 
and Wright (1967), Cater (1982) 

Rinker Ridge, slate of Jph Tabor and others (in press a,b) MBK T32N RlOE; T33N R9-10E: T34N R8-9E: 
SAU T35N R7-8E 

Rock Creek stock Kigd Staatz and others (1971), RBM T39N R17E: T40N R17E 
R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Roslyn Formation Ec2 Russell (1900), Smith (1903a,b), SNO T20N R14-16E; T21N R14-16E 
Bressler (1951), Wolfe (1968) WEN 

Round Lake, breccia of <Dvx Vance (1957), SAU T30N Rll-12E; T31N Rl l-12E 
Tabor and others (in press a) 

Ruby Creek heterogeneous TKi Misch (1966, 1977), MBK T37N R14, 16E: T38N R14E 
plutonic belt Tabor and others (1994, in press b), RBM 

R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Ruth Creek pluton, Migd Tepper (l'lLJ'c). MBK T39N R9-10E: T40N R9E 
Chilliwack composite batholith, Tabor anr others (in press b) 
Cascade Pass family 

Ruth Mountain, granite of, Rig Tabor and others (in press b) MBK T39N R9-10E 
Chilliwack composite batholith, 
Cascade Pass family 

Salmon Springs Drift Qgp Cranc1 I.I and others (1958), TAC T20N R5E: T21N R5E: T22N R5E 
Qgpc East, orook and others (1981) 

San Juan Creek, granite of, M<Dig Tabor and others (1993) SKY T27N RllE; T28N RllE 
Grotto batholith, 
Snoqualmie family 

Sauk ring dike, Index family <DEida Tabor and others (in press a) SAU T29N RllE: T30N RllE; T31N RllE 

Scow Bay, sandstone of Em1 Allison (1959), Armentrout and PTW T29N RlW,lE; T30N RlE 
Berta (1977). Gower (1980) 

Seven Fingered Jack pluton Kit Cater and Crowder ( 1967), Cater TWS T30N R16-17E: T31N R16E 
and Wright (1967), Cater (1982), 
Ford and others ( 1988) 

Shake Creek stock of Squire <Dit Vance (1957), SAU T30N RlOE 
Creek stock, Index family Tabor and others (in press a) 

Shuksan Greenschist, Jsh Weaver (1945), Misch (1966), BEL T21N R13E; T22N Rl3E: T23N R13E; 
Easton Metamorphic Suite Haugerud and others ( 1981), MBK T26N Rll-12E; T27N Rll-12E; 

Brown (1986) PTW T30N RllE: T31N RlO-llE; T32N RIO-
SAU llE; T33N RlO-llE; T34N R5-6.10-11E; 
SKY T35N R5-8,10-11E: T36N R5-11E: 
SNO T37N R5,7-11E; T38N R9-10E: T39N R9-

lOE; T40N R9E 

Shuksan Metamorphic Suite, see Easton Metamorphic Suite 

Silesia Creek pluton, Chilliwack <Dit Tabor and others (in press b) MBK T40N R9-10E; T41N R9E 
composite batholith, Index family 

Silver Creek, tonalite of, Mit Tabor and others (1993) SKY T28N Rl lE; T29N Rl lE 
Cascade Pass family 

Silver Pass Volcanic Member, Evd Foster (1960), SKY, SNO T20N Rl3E; T21N Rl3-14.17-l8E: 
Swauk Formation Tabor and others (2000) WEN T24N Rl3E 

Sisters Creek pluton TKig Tabor (1961) TWS T33N R14E 
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Sitkum Creek, stock on, Migd Tabor and others (in press a) SAU T30N Rl4E 
Cascade Pass family 

Skagit Gneiss Complex, TKbg Misch (1966), MBK T31N Rl8-19E; T32N Rl7-19E; 
undivided TKig Babcock and Misch (1989), RBM T33N Rl6-18E: T34N Rl4,16-l 7E; 

TKog Haugerud and others ( 1991), TWS T35N Rl4,16E; T36N Rl2-14E; 
1og Tabor and others (in press b) T37N Rll-14E; T38N Rll-14E; 

T39N Rll-13E; T40N Rll-12E; 
T41N Rll-12E 

Skagit Gneiss Complex. Includes and listed under: orthogneiss of Boulder Creek, leucogneiss of Lake Juanita, Marble Creek Orthogneiss, migmatitic 
orthogneiss of McGregor Mountain, orthogneiss of The Needle. orthogneiss of Purple Creek, orthogneiss of Rainbow Mountain, and orthogneiss of 
Stehekin. 

Skagit Volcanics, see volcanic rocks of Mount Rahm 

Skokomish Gravel Qapo Molenaar and Noble ( 1970) SHL, TAC T21N R3-5W; T22N R2-5W; T23N R3W 

Skymo complex KJigb Wallace (1976), Hyatt and others MBK T38N Rl3E; T39N Rl3E 
(1996), Baldwin and others (1997), 
Tabor and others (in press b) 

Slate Peak Member, Kcz Trexler (1985) RBM T34N Rl8-19E; T35N Rl8-19E; 
Virginian Ridge Formation, T36N Rl8-19E; T37N Rl7-18E; 
Pasayten Group T38N Rl7E 

Slide Member. Chuckanut Formation, see Chuckanut Formation 

Sloan Creek plutons Kog Vance (1957), SAU T28N Rl2E: T29N Rl2E; T30N Rl l-12E; 
Crowder and others ( 1966), SKY T31N Rll-12E; T32N RllE 
Heath (1971), Longtine (1991), 
Tabor and others ( 1993, in press a) 

Snoqualmie batholith, undivided, Mig, Migd Foster (1960), SKY T21N RlOE; T22N R9-l 1E; T23N R9-13E; 
Snoqualmie family Mil, M<Dig Tepper and others ( 1993), SNO T24N R9-13E; T25N R9-11E; T26N RlOE 

M<Digb Tabor and others (2000), 
M©igd Tabor and others (in press b) 
M<Dix 

Snoqualmie batholith. Includes and listed under: granite of Mount Hinman. 

Snoqualmie family. Includes and listed under: Chilliwack valley phase of the Chilliwack composite batholith. Dead Duck pluton. Grotto batholith 
undivided. Indian Mountain phase of the Chilliwack composite batholith, biotite granodiorite of Li!tle Beaver Creek, Monte Cristo stock, granite of 
Mount Hinman, Mount Sefrit gabbronorite, Perry Creek phase of the Chilliwack composite batholith, granite of San Juan Creek, and SnQqualmie 
batholith undivided. 

Sooes River area, sandstone of MEbx Tabor and Cady ( 1978a) CFL T31N Rl4-15W; T32N R14-15W 
<DEm, Emz 
Em1, Em 

Eve 

South Creek, Kmcg Dragovich and others (1997a) TWS T34N R18-19E 
metaconglomerate of 

Spider Mountain Schist 1hm Tabor (1961) SAU T33N Rl4E: T34N Rl3-14E 
(see also Cascade River Schist) TWS 

Spieden Group KJn Johnson (1981), RCH T36N R3-4W; T37N R3-4W 
Brandon and others ( 1988) 

Squire Creek stock, undivided, <Diq Vance (1957), Baum (1968), SAU T29N RlOE; T30N R9-10E; T31N R9E; 
Index family (includes Shake (!)it Tabor and others (in press a) T33N R7-8E 
Creek Stock, listed separately) 

Stehekin, orthogneiss of, TKog Adams (1961), TWS T32N RISE; T33N Rl7-18E 
Skagit Gneiss Complex Miller and others ( 1994), 

Dragovich and Norman (1995) 

Stillaguamish Sand Member, Qgos Newcomb (1952), PTW T30N R6-7E; T31N R6-7E; T32N R5-7E 
Vashon Drift Minard (1985a,b) SAU 

Sugarloaf Peak, andesite of Mva Page (1939), CHL T26N RISE 
Tabor and others (1987a) 

Suiattle fill, volcanic rocks and Qvl Ford (1959), Tabor and Crowder SAU T30N Rl4-15E; T31N Rl4-15E 
deposits of Glacier Peak (1969), Beget (1981, 1982) 

Sulphur Creek, basalt of Qvb Tabor and others (in press b) MBK T37N R7-9E 

Sulphur Mountain pluton Kigd Ford (1957, 1959), Crowder and SAU T30N RISE; T31N Rl4-15E; T32N Rl3-
Kog others (1966), Cater (1982), TWS 15E 

Tabor and others (in press a) 
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Defining and (or) 1:100,000 
Geologic unit Symbol representative references quadrangle(s) Area (township and range) 

Sumas Drift Ogds Armstrong and others ( 1965), BEL T35N R3-4E; T36N R4-5E; T38N Rl-5E: 
Easterbrook ( 1976) T39N Rl W.1-5E; T40N Rl W, l-6E; 

T41N Rl W,1-6E 

Sumas Mountain, pTms Dragovich and others (1997b) BEL T39N R4E; T40N R4-5E 
metaconglomerate of, 
Bell Pass melange 

Sunday Creek stock, <Digd Weaver (1912a), Bethel (1951), SKY T25N R9E 
Index batholith, Index family Tabor and others (1993) 

Swakane Biotite Gneiss pTgn Waters (1932), Crowder and others CHL T24N Rl8-19E; T25N Rl8-19E: 
(1966). Tabor and others (1987a), SAU T26N Rl8-19E; T27N Rl8E: T29N R16-
Rasbury and Walker ( 1992) TWS 17E; T30N Rl5-16E; T31N Rl5-16E: 

T32N Rl5E 

Swauk Formation, undivided Ec1 Smith (1904), Foster (1960), SKY T20N R17-18E: T21N Rl3-14.16-19E; 
(includes Silver Pass Volcanic Ecg1 Tabor and others (2000) SNO T22N Rl3-19E; T23N Rl3-14.18E; 
Member, listed separately) WEN T24N R13-14E; T25N Rl2-13E: 

T26N Rl2E 

Swift Creek, andesite of, Ova Hildreth (1996), MBK T38N R8-9E 
andesite of Mount Baker Tabor and others (in press b) 

Swift Creek. ignimbrite of, Ovt Hildreth and Lanphere (1994), MBK T38N R8-9E: T39N R8-9E 
rocks of Kulshan caldera Hildreth (1994, 1996), 

Tabor and others (in press b) 

Table Mountain, andesite of, Ova Tabor and others (in press b) MBK T39N R8-9E 
andesite of Mount Baker 

Tamarack Peak, stock near Kigd Tennyson (1974) RSM T38N Rl6-17E 

Teanaway dike swarm Eib Smith (1904), Smith and Calkins SNO T20N Rl7E; T21N Rl3-14,17-18E; 
Eigb (1906), Southwick (1966) WEN T22N Rl3-18E 

T eanaway Formation Evb Smith and Willis (1901), Smith SNO T20N Rl3-14,16-18,E; T21N Rl3-18E: 
Evr ( 1904), Frizzell and others ( 1984), WEN T22N R15-16E 

Tabor and others (1984), 
Tabor and others (2000) 

Tenpeak pluton Kit Russell (1900), Cater and Crowder CHL T28N Rl5-16E; T29N Rl4-16E; 
(1956), Ford (1959), Van Diver SAU T30N Rl4-15E: T31N Rl4-15E 
(1964), Crowder and others (1966), SKY 
Tabor and others (in press a) TWS 

Third Beach Member, Makah Formation, see Makah Formation 

Three A M Mountain. volcanic Kv2 R. A. Haugerud and R. W. Tabor RBM T37N Rl 7-18E 
rocks of, Winthrop Formation. Kc2 (USGS, written commun., 2000) 
Pasayten Group 

Three Fools Creek sequence (R. A. Haugerud and R. W. Tabor, USGS, written commun., 2000). Includes and listed under: strata of Freezeout 
Creek, Harts Pass Formation undivided, conglomerate of the Harts Pass Formation, strata of Majestic Mountain, conglomeratic strata of Two Buttes 
Creek. and Jackita Ridge unit undivided. 

Tiger Mountain Formation, Ec2 Vine (1962, 1969), Wolfe (1968) SKY, SNO T23N R5,7E 
Puget Group TAC 

Tonga Formation M,sc Yeats ( 1958a), Tabor and others SKY T25N R12E: T26N Rl2E: T27N Rl2E; 
Msh (1993), Duggan and Brown (1994) T28N R12E 

Trafton sequence JMmt Danner (1966), Dethier and others PTW T30N R8E; T31N R6-8E; T32N R5-8E; 
!Pi (1980), Whetten and others (1988), SAU T33N R5E 

Tabor and others (in press a) 

Trafton terrane, see Trafton sequence 

Troublesome Mountain, <Dian Weaver (1912a), SKY T28N RllE 
metaporphyry on, Tabor and others (1993) 
Index batholith, Index family 

Tukwila Formation, Eve Waldron (1962), Wolfe (1968), SEA, SKY T22N R7-8E; T23N R4-8E; T24N R5- 7E 
Puget Group Vine (1969) SNO, TAC 

Turtleback Complex pDi Mclellan (1927), Whetten and BEL T36N Rl-4W; T37N RlE.l-2W 
others (1978), Brown and Vance RCH 
(1987), Brandon and others (1988) 

Twin Creeks drift Oad, Oao Thackray ( 1996) MOL T26N R9-10W 

Twin River Group, lower, see Hoko River Formation 

Twin River Group, middle, see Makah Formation 

Twin River Group, upper, see Pysht Formation 
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Defining and (or) 1:100,000 
Geologic unit Symbol representative references quadrangle(s) Area (township and range) 

Twin Sisters Dunite, pTu Misch (1952), BEL T36N R7-8E; T37N R6-7E; T38N R6E 
Bell Pass melange Ragan (1961) MBK 

Twisp River valley, Kmt Dragovich and others (1997a) TWS T34N R18-19E 
plagioclase porphyry of 

Twisp Valley Schist JPhmc Adams (1962), TWS T33N R18-19E; T34N R18-19E 
(see also Napeequa Schist) Miller and others ( 1993c) 

Two Buttes Creek, conglomeratic Km1 R. A. Haugerud and R. W. Tabor RBM T37N R16-17E; T38N R16-17E; 
strata of, Jackita Ridge unit, (USGS, written commun., 2000) T39N R16E; T40N R16E 
Three Fools Creek sequence 

Vashon Drift, undivided Qga, Qgd Willis (1898), Newcomb (1952), BEL, MOL widespread in lowland areas 
(includes Lawton Clay Member Qgl, Qgo Armstrong and others ( 1965), PAN, PTW 
and Pilchuck Clay Member, Qgog Mullineaux and others (1965), RCH, SEA 
not listed separately) Qgos, Qgt Booth and Goldstein ( 1994) SHL, TAC 

Qguc 

Vashon Drift. Includes and listed under: Arlington Gravel Member, Colvos Sand Member, Esperance Sand Member, Marysville Sand Member, 
Partridge Gravel, and Stillaguamish Sand Member. 

Vedder complex, pPsh Daly (1912), Armstrong and others MBK T38N R6-7E; also, some of the 
Bell Pass melange pTmt (1983), Brown and others (1987), distribution shown under Bell Pass 

Tabor and others (in press b) melange, undivided, is Vedder complex 

Ventura Member, Midnight Peak Kc2 Barksdale (1975), RBM T37N R18-19E 
Formation, Goat Wall unit, R. A. Haugerud and R. W. Tabor 
Pasayten Group (USGS, written commun., 2000) 

Virginian Ridge Formation, Kmcg Barksdale ( 1948, 1975), RBM T34N R18-19E; T35N R16-19E; 
undivided, Pasayten Group Tennyson and Cole (1978), TWS T36N R14,16,18-19E; T37N Rl4,17-19E; 

Trexler and Bourgeois (1985), T38N R16-19E; T39N Rl7-19E; 
McGroder and others (1990), T40N Rl7-19E 
Miller and others ( 1994), 
Dragovich and others ( 1997a), 
R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Virginian Ridge Formation. Includes and listed under: strata of Cow Creek, Devils Pass Member. volcanic breccia of Mount Ballard, and Slate Peak 
Member. 

Waatch Point, siltstone of Em2 Snavely and others (1993) CFL T32N Rl4-15W; T33N Rl5-16W 

Waatch Quarry, Em2 Snavely and others (1993) CFL T33N Rl5W 
siltstone and sandstone of 

War Creek, gneiss of Rog Adams (1961), Miller (1987), TWS T32N R18-l 9E; T33N Rl8-l 9E 
Miller and Bowring (1990) 

Warnick Member, Chuckanut Formation, see Chuckanut Formation 

Weatherwax formation Qapw1 Carson ( 1970) SHL T21N R6W 
Qapw2 

Wedekind Creek formation Qapw1 Carson (1970) SHL T21N R7-8W; T20N R7W 

Wells Creek volcanic member. Jmvd Misch (1966), MBK T37N R8-9E; T39N R7-8E; T40N R7-8E 
Nooksack Formation Tabor and others (in press b) 

Wenatchee Ridge, Kbg Rosenberg (1961), Van Diver CHL T26N Rl6E; T27N Rl5-16E; T28N Rl5-
banded gneiss of (1964), Tabor and others (1987a, 16E 

1993), Maglaughlin (1993), 
Miller and others (2000) 

Wenatchee Ridge, Kog Van Diver (1964), CHL T27N Rl5-16E; T28N Rl6-17E 
light-colored gneiss of Tabor and others (1987a) 

Western melange belt Jib, Jit, Ju Frizzell and others (1984), PTW T22N R9E; T23N R8-10E; T24N R8-10E; 
KJmc Tabor and others (1982a, 1993, SAU T25N R8-10E; T26N R8-10E; T27N RS-
KJmm 2000, in press a) SKY lOE; T28N R7-9E; T29N R7-9E; T30N R6-
KJmv SNO 9E; T31N R6-8E; T32N R6-8E 
pTigb 

Western Olympic MEm Tabor and Cady (1978a) CFL T26N R8-ll W; T27N R8 1/2-12W; 
lithic assemblage MEmst FRK T28N R9-10W 

<DEm MOL 
©Ernst PAN 
<DEvb 

Whale Creek drift Qapw2 Thackray (1996) FRK T24N Rll-12W; T25N RllW 
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Defining and (or) 1:100,000 
Geologic unit Symbol representative references quadrangle(s) Area (township and range) --
Whidbey Formation Qc Easterbrook ( 1965) BEL T23N R2E; T24N Rl-2E: T25N R2E: 

Qgpc PAN T26N R3E: T27N R2-4E: T28N Rl W,3-4E: 
Qguc PTW T29N R2-4E; T30N R3W: T32N RlE: 

SEA T34N R2E: T35N RlE: T36N Rl-2E 

White Chuck cinder cone, Qvb Rosenberg (1961), Tabor and SAU T29N Rl2-14E; T30N Rl3-14E 
volcanic rocks and Crowder (1969), Beget (1981), SKY 
deposits of Glacier Peak Tabor and others ( 1993) 

White Chuck fill, volcanic rocks Qvl Ford (1959), Tabor and Crowder SAU T30N Rl2-14E: T31N Rll-12E 
and deposits of Glacier Peak Qvt (1969), Beget (1981, 1982) 

White Chuck luff, volcanic rocks Qvt Ford (1959), Tabor and Crowder SAU T31N Rll-12E 
and deposits of Glacier Peak (1969), Beget (1981, 1982) 

White Chuck assemblage, Qvl Beget (1981- 1982) SAU T30N Rl3-15E: T31N Rl0-15E: T32N RS-
volcanic rocks and Qvt 13E; T33N Rl0-1 lE 
deposits of Glacier Peak Qvp 

Whitehorse Mountain, volcanic JTmt Tabor and others ( 1989, in press a) SAU T32N R8-9E 
rocks of, Eastern melange belt 

Winthrop Formation, undivided, Kc2 Russell (1900), Barksdale (1975), RBM T36N Rl8-19E; T37N R18-19E: 
Pasayten Group (also includes Kmt Dragovich and others (1997a), T38N Rl7-19E; T39N Rl7-19E: 
volcanic rocks of Three A M Kiessling and Mahoney ( 1997), T40N Rl8-l 9E 
Mountain, listed separately) Kiessling ( 1998), 

Kiessling and others (1999), 
R. A. Haugerud and R. W. Tabor 
(USGS, written commun., 2000) 

Winthrop Sandstone, see Winthrop Formation 

Wolf Creek drift Qapw1 Thackray ( 1996) FRK T24N Rll-12W: T25N RllW 

Yellow Aster Complex, pDgn Misch (1966), BEL T33N RlOE; T34N R9-10E; T35N RS-lOE; 
Bell Pass melange pDi Brown and others ( 1987), MBK T36N R6-10E; T37N R6-8E: T38N R6- 7E; 

pTmt Sevigny and Brown (1989), SAU T39N R5-6E; T40N R4-5,7-9E; T41N R5E: 
Tabor and others (in press a,b) also, some of the distribution shown under 

Bell Pass melange, undivided, is Yellow 
Aster Complex 
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CAPTIONS FOR SOURCE OF DATA MAPS 

Figure 7. Index to sources of map data, scales 1:9,000 to 1:23,000. 

1. Cary (1990); plate I, scale 1:15,840 
2. Dragovich (1989); scale 1:10,560 
3, Easterbrook (1968); scale 1:18,000 
4, Garcia (1996); plate 3, scale 1:19,000 
5. Graham (1988); fig. 6, scale 1:9,000 
6, Gusey (1978); scale 1:12,000 

7, Hoppe (1984) 
7a plate 1, scale 1:12,000 
7b plate 2, scale 1:12,000 

8, Koch (1968); scale 1:13,000 
9, Liszak (1982); scale 1:15,000 
10. Reller (1986); plate I, scale 1:15,840 
11. Smith (1972); scale 1:23,000 

Figure 8A. Index to sources of map data, scale 1:24,000 (quadrangles). 

1. Booth ( 1995) 
2, Booth and Minard (1992) 
3, Dethier and Whetten (1980); 

plates 1 and 2 
4, Dethier and Whetten (1981); plate 1 
5, Dethier and others (1980); 2 plates 
6. Dethier and others (1996); plate 1 
7. J, D, Dragovich, L. A. Gilbert son, 

W. S. Lingley, Jr., and Michael Polenz 
(OGER, written commun,, 2002) 

8, J, D. Dragovich, L. A, Gilbert son, 
D, K Norman, Garth Anderson, and 
G, T Petro (OGER, written commun., 
2002) 

9. Dragovich and others (1998); plate 1 
10. Dragovich and others (1997a); 

plate 1 
11. Dragovich and others ( 1997b): 

plates 1 and 2 
12. Dragovich and others (1999); plate 1 

13. Dragovich and others (2000c); 
plate 1 

14, Haeussler and Clark (2000) 
15. Haeussler and others (1999) 
16. Minard (1982) 
17, Minard ( 1983a) 
18, Minard (1983b) 
19. Minard (1985a) 
20. Minard (1985b) 
21. Minard (1985c) 
22, Minard (1985d) 
23. Minard (1985e) 
24. Minard ( l 985f) 
25, Minard (1985g) 
26. Minard (1985h) 
27. Minard ( 1985i) 
28, Minard (1985j) 
29, Minard and Booth (1988) 
30, Mullineaux (1965a) 
31. Mullineaux (1965b) 

12, Sondergaard (1979); plate l, 
scale 1:15,840 

13. Tepper (1985); scale 1:12,000 
14, Wegmann (1999); plates 1, 2, 3, 

and 4, scale 1:12,000 
15, Wilson (1975); plate 1, 

scale 1:10.000 

32. Mullineaux (1965c) 
33. Othberg and Palmer (1979a); plate 1 
34, Othberg and Palmer (1979b): plate 1 
35, Othberg and Palmer (1979c); plate 1 
36, Othberg and Palmer (1982); plate 1 
37. Rosengreen (1965); plate I 
38, Schasse and Logan ( 1998) 
39, H. W, Schasse and Michael Polenz 

(OGER, written commun,, 2002) 
40. Schasse and Wegmann (2000) 
41. Vine (1962) 
42, Vine (1969); plate 1 
43. Waldron (1961) 
44, Waldron (1962) 
45, Waldron (1967) 
46. Whetten and others (1979): 

plates 1 and 2 
47, Whetten and others (1980a): plate 1 
48, Whetten and Laravie (1976) 
49. Wunder (1976) 



Figure 88. Index to sources of map data, scale 1:24,000 (non-quadrangles). 

1. Booth (1991) 
2. Carlstad (1992) 
3. Carson (1976b) 
4. Clark (1989); plate 1 
5. Deeter (1979); plate 7 
6. Fraser (1985); plate 2 
7. Frisken (1965); plate II 
8. Gayer (1976) 

9. Halloin (1987); plates 1-22, 24-31, 
36-43, 49-53, and 58-61; 
inset sheets 41, 48, and 57 

10. Miller (1975); plate 1 
11. Miller ( 1980) 

1 la plate I 
llb plate II 

12. Phillips (1984); plate 1 
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13. Rau (1966); plate 2 
14. Smith (1976) 
15. Smith ( 1977) 
16. Taylor (1985); plate 2 
1 7. Thackray ( 1996); plate 1 
18. Walsh (1984); plate 1 

Figure SC. Index to sources of map data, scale 1:24,000 (coastal). Thin lines encompass maps within each county. 

1. Washington Department of Ecology 
(1977) 

2. Washington Department of Ecology 
(1978a) 

3. Washington Department of Ecology 
(1978b) 

4. Washington Department of Ecology 
(1978c) 

5. Washington Department of Ecology 
(1978d) 

6. Washington Department of Ecology 
(1979a) 

7. Washington Department of Ecology 
(1979b) 

8. Washington Department of Ecology 
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UNCONSOLIDATED SEDIMENTS 

QUATERNARY 

NONGLACIAL 

Modified lii!.nd a nd fill - Modifwd land ;:ind engim,ernd ;:ind unengineernd fill. 

Holocene dune sand - Moderately to well-sorted. wind-deposited sand containing minor amounts of silt: 
commonly forms near beach level and along tops of bluffs. 

Be..ch depo5it5 - Sc1nd c1nd (ar) grnvel w,th minor shell fragments deposited along shorelines, locally includes 
back-be;,ch dune fields and minor <lS!ua.rine d2J)OSLts; clasts ate typically well rounded. 

Land5lide depositll -Clay, silt, sand, gravel, and larger blocks; chaotically mixed and poorly sorted; commonly 
hummocky; locally includes rah.is, Holocene moraines. rock gl.tci01,, and protal\.!S ramparts. 

Pe11t depo&it& - Pe11t, muck, and lacushine slit 11nd clay rich in orgc,.nic m11tter; deposired mostly in clooed 
depressions; locallycontainsrephra. 

Alluvium - Sorted combinations of silt, sand, and gravel deposited in st:reambeds 11nd aUu11lal fans; surface 
relatively undis'll!cted: locally includes alpine drift. peat, lacustrine. landslide. lahar, and rare Joess deposits. 

Older alluvium - Stratified gravel, cobb1%, sand, and silt in rern,c-,s above modern flood plains: commonly iron 
stained; includ«s alluvial-fan, landslide, and oolluvial deposits waded to terrace sL11face; locally indudes 
volcanidaslicor lahar depOSJts. 

Plelstoc:entl! c:ontlnental 111edimtl!Dtll -Stratified clay. silt, s;:ind, gravel. and peat of fluvial, deltaic, lacustrine, and 
Im) estuarine origm; lorally contains !ahars and tephras. Includes part af the Whid&ey and Puyallupforma!ionsand 
part of the Olympia beets (Armstrong and others, l 965). 

Loess - Pale orange to brown eolian silt and fine sand; locally contains callche and tephra. 

GLACIAL 

Continental 

Undifferentiated g lacial drift, Sumas Stade of the Fraser Glaciation - Loose, straUfied cobbles, gravel, 
sand, and minor silt beds of glaciofluvial and glaciodeltaic ,mgm: locally contains till and unconsolidated 
gfociolacustrine sediments. Consists of the Sumos Drift. 

Glac:iomarlne d rift - Diamicton and poorly watified gravelly silt with dropstones, pearly compach,d and locally 
fossiliferous; contalns lenses to thick layers of fluvial. deltaic, and glaciomarine gravel. sand, silt. and clay; locally 
capped bg shallow-water day or silt. Consists of the DemlngSand and part of the Everson G/ac!omarlne Drift. 

Glac:iolac:ustdne deposits - Sand, silt, clOO clay deposLted in proglacial lakes; laminared with diwaminated 
dmpstones. Includes par/ of the Vashon Drift undiuided. 

Undlfferentiat.id glacial drift - Till, 5and, gravel, silt, and clay; mostly Vashon t111 and outwash not separatelg 
mappable at th.? map sc11le. Consists of part of the Vashon Drift 1.mdiuided and part of the E LIE'TSOn G!aclomarlne Drift. 

Undiffenmtiill.ted outw11sh - Recession!ll 11nd progl11dal slT11tified sand, gravel, 11nd cobbles with minor silt and 
day interl:>eds depo5ited in delta. ice.conlact, beach, and meltwater stream ,1nvironments; may include advance 
outwash. lnc/udes part of th.?A:rrtridge Grauel. part of rhe Ei1erson G!aciomarine Drif~ and part of the Vashon Drift 
undivided. 

Outwillsh gravel - Recessional and proglacial stratified pebbk cobble. and boulder gravid d,1posired in m,1ltwater 
streambed5 and d,1ltas . Includes the Arlington Graue/ Member of the lkishon Drift and pari of the Vruhon Drift 
undivided. 

Outwash sand - Recessional and proglacial sand with minor gravel or silt: well sorted and stratified. Includes the 
Sti/[aguamish and Marysui//e Sand Members of the Vashon Drift. part of rhe Vashon Drift undiuided, and part of the 
PcmridgeGra,,e!, 

El 

Till - Unsorted, unstratified, highly compactad mixture of day, silt, sand, gravel, a nd boulders deposited by glacial 
ice; may contain interbedded stratified sand, silt. and gravel. Includes par! of the Vashon Drift undivided. 

Advance oulwii!.sh - Glaciofiuvial sand and gravel and lacustrine day, silt, and sand de po.sited during tl11l advance 
of glaciers; sandy units commonly thick, well sorted, and fine grained. with interlayered coarser sand, gravel, and 
cobbles; locally contains nonglacial sediments and deposits mapped as transitional between glacial and nonglrn:ial 
Includes the Colvos and Esperance Sand Members of the Vashon Drift and part of the Vashon Drift undivided. 

Undifferentiated drift of pre-FrasO!r "'H" - Till and outwash sand and gravel; commonly oxidized or stained 
oran.ge. lnc/udes pa-rr of the Salmon Springs Drift 

Alpine 

Late Wiscom,lnan alpine drift, undivided - Outwash sand and gravel, till, lacustrine stlt and clay, and oth,1r 
sediments from local upland sources; mdudes minor rock-glacier debris, protalus rampart deposits, and talus, mostly 
lahJ-Wiscom,inun ag€ but may conlaln older drift: rock.glacier debris and some aJ:plne morain<2s may be Holocene. 
lndudes part of the Hoh Oxbow and Twjn Cree/cs drift.s (Thackray, 1996), purt of the Chow Chow drifi /Moore, 1965), 
part of fhe Grisda/edrifts (Carson, 1970), and part of the Lokedo/e and Euans Creek Drifts. 

Lillie Wisc:onsinan alpin<l outwash - Stratified sand and gravel; genera lly not deeply weathmlld: locally contains 
silt and clay Includes parr of the Hoh Oxbow and Twin Creeks drifts (nad,ray, 1996}, part of the Chow Chow drift 
(Moore, 1965), part of the Grisdofe drifts (Carson, 1970), and part of the Lakedale ond Euan8 Creek Drifts. 

Early Wisconsina:n alpine drift - Till and outwash sand and gravel; gray with local orange weathering: locally 
coverod with weathered ioes,i . lndudes part of the Chow Chow drift /Moorn, 1965), the Lyman Rapids drift 
(Thackroy, 1996), part of the Grisdale drifts (Carson, 1970), the driftof Mount Stickney (Booth, 1990), ond part of I.he 
Kittitas Drift. 

Early Wiscon&inilln ii!.lpin<l outwash - Stratified sand, gravel, and cobbles; locally indudes peal, sill, day, and 
weathered loes,;; gray to subUe yellow weathering. Includes part of the Chow Chow drift (Moore, 1965), the Lyman 
Rapidsourwash (ThackroY, 1996), rh.iSkokom/sh Gravel, ondpartofthe Kittitas Drift 

Younger pre-Wlsconslnan alpine drift - Outwash sand and gravel. lacustrine silt and day, till. and loes5; red
orange; weatherod to depths exceeding 4 m: weathering rinds on clasts: ancient surfaoos aro moderately dissected by 
streams. lridudes the Who!e Creek drift {Thadcray, 1996}, the Humptullps drift (Moore, 1965), !he Mabray drift 
(Carson, 1970), and part of the Weorherwaxfomiation (Carson, 1970). 

Older pie-Wisconsinan alpine drift - Oulwash sand and gravel , till, and lacustrine silt and day; deep red
orange; w.iathernd lo depths «x~eeding 20 m wilh clast:; lhoroughl~ we;;,lhered: anc ient surfaoos !Ire highly diss..cted 
by streams. Includes the Donkey Creek drift (Moore, 1965/, the Wedekind Creekformotion (Carson, 1970), the Wolf 
Creek drift (Tflackray, 1996), and part of the Weatherwax format/on (Carson, 1970). 

GLACIAL AND NONGLACIAL 

Undiffer<l!ntiated surliciii!.1 depo,;,its - Clay, sLit, sand, gravel, ti!~ di111niC1on, imd pe11t: unit shown where ste,,,p 
slopes produde more detailed delineation at map scale; includes pre.Holocene deposits ~nd Holoome alluvium or 
landslide deposits found along steep slopes of narrow stream valleys on the northern Olympic Peninsula: also 
includes poorly expo5ed sedimenl5 at the ba,;e of the V<lffion Drift whose stratigraphLc as,;ignmentis undetermmed. 
Includes pari of the Double Bluff, Fb=ion, and faerson Gladomarine Drifts, part of the Vashon Drift undi~ided, 
port of !he Whldbey Fomiatlan, ond port of the Olympia beds /Arm.strong and others, 1965). 

Deposits of pre..frHer age, undifferen tiated - Qay, sil1. oilnd, gr,wel. till, and peat. generally moderately to 
deeply weathered and compact. unil shown where fie ld data are insufficient for more precise differentiation or where 
steep slopes preclude more detailed d«lmeation ;;,! map .'l<:llle; also includes depo.sit.s in the C;:,.scadE Range not 
sperilirally correlative to named units in the Puget Lowland; locally may include some early Fraser-age lacustrine 
sediments. Includes part of the Whidbev and Puyallup Fonnmions, part of the I'ossession, SQ/man Springs, ond 
Double Bluff Drifts, and part of the Olympia beds (Armstrong and others.1965). 

SEDIMENTARY DEPOSITS AND ROCKS 

TERTIARY 

Pliocene-Miocene 

Near5ho1e sedimentary rocks - SiltstonE, 5andstone, and conglomerate; fosstl1ferous; concretionary and 
carbonaceous; contains fiame and ball ·and-pillow structures. Consists of the Quinau/i and Qui//avuteFormalions. 

Miocene 

Ma,ine sedimental"l' rocks - Thin·bedded 11-20 cm) ;;,nd (m) laminated, lithofeldspathic sandstone and siltstone 
with less abundant claystone, shale, and thick"bedded j;,60 cml sandstone; minor conglomerate 11nd shale.clil.51 
breocia; commonly weathers orange: rhythmicillly bedded and ca,bona~ous ln part. Consists ofporf of the Hoh rock 
assemblage (Rau, 1973). 

Middle- upper Miot.ene marine sedimentary roc ks - Coarse· to fine·grained, silty. friable, lithofeldspathic or 
feldspathotithic sandstone; local conglomerate, siltstone, and (or) claystone; blue-gray, w,:,athers orangr.-brown; 
loccllg tulfaceous: local conglomerarn lenses and beds: conlairJS carbonized wood. mica, ilnd conc,etions. Consists of 
the Montesano Formation. 

Lower- middle Mioc:O!ne marine udimentary rocks - Flne•grained, silty, fe ldspathicsandslone; thick to thin 
hedded; friable and mi=us, gray, weathers to oliw-brown or orange; contains abundant siltstone cvith fragments 
of carbonaceous material: lorolly tuff.Lceous: contains minor basaltic sandstone and pebble conglomerate, especially 
al the bllse. Consists of th«AsfuriaFormation. 

Marine tMck-b<edded sedimentary rocks - Thick sequences oflaterally discontinuous, medium- to very coarse
grained, micaceous, feldspatholithic to lithofeldspathic sandstone; minor siltstone-, shal"-, and slate-clasl breccia, 
granule conglomerate. and pebble conglomerate: bedding generally thkker than l m; common pl11tyshale, slate, or 
siltstone ciasts , sequences separated by th in·bedded ( 1--30 cm) sandston«, silt.,,1onE, cla!,151:one, and shale In dudes 
part of the Hoh rock assemblage (Rau, 1973). 

Lower Miocene neatshore 5edimentary rocks - Micaceous feldspath1c sandstone and conglom,irate with 
minor SLltstone; lypi,;-,ally thick bedded: lacally pebblg, bioturbated. and (or) cross-bedded with syndepositional 
deformation: commonly mollusk-bearing and carbon"ceous. Consists of the Cia!!am Formation, 

Continental sedimentary rocks - Poorly consolidated sandstone, siltstone, and conglomerate, commonly 
tuff<1ceous: indu.des tu ff breccias, !ahars, vokanic sandstone, and lignlte. Consists of the Ellensburg and Hammer Bluff 
Formations. 

Continental 1aedlmentary rocks -1\,bble to cobble conglomer;:i!,1, siltstone. cruban<1ceous shale, and minor 
lignite stringers; clasts dominantly basaltic, hut also include andesite, dacite, metamorphic rock5, and lithics,mdstone. 
Consi5t,1 of the Blakely Harbor Formation. 

Miocene-Oligocene 

Marine sedimentary rocks - Poorly ,ndurated mudstone to sandy ~Utstone with calc11reous concretions; 
conglomerate near the baoo; local!,• contains medium- and coarse-grained, micaooous, li1hlc and quartmfe!dspath,c 
sandstone Consist, of the Pysht Formation. 

Mi.ocene-Eocene 

Marine sedimentacy rocks - Lamin;:ited and [ad thin-bedded (1-20 cm). l1thofeldspathic and feldspatholiLllic, 
micaceous sandstone, siltstone, and slate in the w.istern Olympic Fmiinsula and semiochist, slate. and (or) phyll~e in 
th~ Olymplc Mountain5: minor thick-bedded sand,tone, granule conglomerate, and thick- la~ered (>60 cm) 
semischist. all with platy shale, siltstone, tulf, or slate clasts grading to platy-rlasr breccia; thin-bedded units commonly 
rhythmic; mostly met;:,.morpho':led to zeoUte focies: phetcoidal structures common. lnc/~des part of the Hoh rock 

n."<semb/nge (Rau, 1973) and port of I.he We#.irn Olympic and Grand Valley /ithic aooembfoges (Tobar and Cady, 
1978a). 

Marine thlck-btl!dded sedlm<i!ntary roc ks - Thiel<. sequences of laterally discontinuous, medium- to very coarse· 
wained. m1caceous. feldspatholithlc to hthafeldspathic sandstone or semi.schist v..,ith siltstone 01 slate dasl:I grading lo 
plafy siltstone- or slaW-clast breccia; gener.il ly bedded thicker than l m; minor granule conglomerat~ and pebble 
conglomerate; phacoidal structures oommon, mostly metamorphosed to zeolite facles; sequencessepa,ated by thin. 
bedded (1 - 60 cml sandstone, semisch1st, siltstone, slate, and (or) phyll11s!. Includes part of the Hoh rock assemblage 
(Rau, 1973/ and part of the Grand \ki!!ey and Western O}ymprc !iihic assemblages (Taborand Cad!,\ 1978a). 

Breccia - Lenses and angular b lock5 of sandstone, siltstone, shale, conglomorate, and volcanogenic rocks in " 
matrix of black sh.Lie or slate with scaly cleavage or intensely sheared sandstone and siltstone; in the eastern Olympic 
Mount;;,ins. contains semi,;chist and volcanic fragm,mts in a matrix of phyllile; includes diapiric muds, fault breccias, 
and submarine landsl ide deposits. Includes purl of /he. Hoh ,--,,cl; assemblage (Rau, 1973) and part of the sandstone of 
the Sooes Rluer orea (Tabor and Cody, 1978a). 

Oligocene- Eocene 

Marine 5edimentary rock!;, - Consists of laminated and lor) thin·bedded (1-20 cm), lithofeldspathlc and 
Feldspathulithic micaceoussandslone, si!isl:one, and slate in the northern and nonhwestern Olymrlic Peninsula, and 
,..,n,ischisl and slate or phyllit« in the central Olympic Mountains; minor thick-bedded (>60 cml s.~ndstone , granule 
conglomerate, plary-dast brecc,a. and semischist: common platy shale. siltsmne. or slate dasts: mostly 
metl.morphosed to zeolite focies: common rhgthmic bedding and phacoids. In the Puget Lowland and southern 
Olympic l\,ninsula, consists of th 1ck·bedded. hgf-il gray luffaceous siltstone and ILne--grained tuffaamus sandstone, 
locally rhythmically iiiterOOdded; d,scon linuous basaltic and glauooniticsandstone beds in lower ])<l.ri; grades lo unit 
([)En near Issaquah Includes the Makah and Lincoln Creek Formations, the Marrows/one Shale, the Quimper 
Sandstone, par! of the Western Olympic, Elwha, and Needles-Gray Wo/flithicassemblages(Taborond Cady, 1978a}, 
par! of the sandst.one of the Sooes Riuer area (Tabor and Cady, 1978a), pQrt of lhe Hoh rock a.ssemb!age (Rau, 1973}, 
and part of the Blakeley Formation. 

Marine thick-bedded sedimentary rocks - Thick sequences of laterally discontinuous. medium, to very coarse
grained, micaceous, foldspatholithic to lithofeldspathic sandstone or semlschist, genern.lly beddOO thicker thfln 1 m; 
common siltstone, shale" or slate clasts grading to breccia: common phyllite and granule conglomerate; minor pebble 
conglomerntE: m«tammphosed lo zeolite facies in part with local Al-pumpellyite; sequences separated by medium- to 
thin.bedded sandstone, ~iltstone, or slate. /ndudesportoflhe W,,,,-te.m Olympic, Elwha, arid Needles-Gray Wo/f/ithic 
assemblages (Taboran,:J Cad).\ l'J78a} and part of !he /-/oh rock =embla_ge (Rau, 1973). 

Oligoctl!Jle-uppe:r Eocene nearshore sedlm.intary rocks - Basaltic sandstone, siltstone, and sandy pebble 
conglomerate, commonly with shallow-marine megafossils und coal: neill Mount Vernon, also contains mica and 
quartz pebbles. Consists of parl of the rocks af Buiron Creek /Looseth, 1975) end part of th<! Bfake!ey Formation 

Continental sedimenta.-y ,oc:ks - LLthi<: to feld,pathic sandstone. pebble and cobble canglomerntE, siltstone, 
~hale, claystone, and coal; locaJI~, p lanar-bedded or cross-stralified, conglomerate is poorly bedded and includes ciao ts 
of igneous rocks, gneiss, chert , urgillite , serpentini!E, and quartz; matri>< is coarse sand or, less commonly, silt and ch,y, 
Consists of the Huntingdon furmation and part of the rocks of flu/son Creek (Louseth, 1975). 
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Eocene 

MW"ine sedimentary rocks - Very thick- to m,1dium-bedded conglomer11te, sandstone, and pillow basalt; also 
thin-b<Wded to laminated siltslone and "ery fine.gramed sandstone with minor gray and md l; mestone; minor 
tuffaceous basaltic siltstone and mudnow brema; locally graded and carbonaceous with rare coal stringers. Includes 
part of the sand:;tone of the Sooes Riuer areo (Tabor and Cady, 1978a) and parl of the Lyre Formation. 

Middle-upper Eocene mllline sedimentary tocks- Sandstone. silis1one. conglomerate, breccia. mudstone, 
argitlire, ;;,nd mLnor pillow basalt and sills of diabase or gilbbro: graded, micaceous. ca:rbonaceous. lithic to qurutzose, 
concrolionar,', calcaroous, and fossiliferous with minor chert pebbles Includes the Raging Rioor, Hoko River, and 
Humptu/ips Formal.ions, fhe sandsfone of Bahobohosh (Snavely and others, 1993/, the siltstone of tlhalch Point 
(Snoue/y and arhers, 1993), the siltstone and sandstone of Wacrtch quarry (Snoue!y and others, 1993), pQrt af the Lyre 
and A/dwell Farmations, and part of the sandstone of the Sooes Ri~er area (Tabor and Cady, l 978Q/. 

Lower-middle Eocene matln<i! sedimentary rocks - Sandstone, siltstone, mudstone, argillite. oonglomerare, 
and breccia: minor volcanicl11stic 11nd JI1111ic igneous rocks; micaceous, carbon;:,.ceous, 1111d lithofeldspathic with minor 
chert pebbles; siltston« and clayslun« are calrareo\.!S and fossiliferou,. lnc/ude.s the sandstone of Scow Bay /Allison, 
1%9), lhesillsloneofBrownes CreEk (Snaudy an,:J others, 1993/, !he. basaltic sondstone ori,:J aong/amerateofLi"ard 
Lake (Sn,wely and others, 1993), the siltstone and sandstone of Bear Creek (Snaue!y and others, !993), port a/the 
Crescent Formation, and pari cf fhe srmdslom, of ihe Saoes Riuerareo (Tobar and Cod!,\ 1978a) 

Continental sedimentaJYtocks- Fluvial sandstone, conglomerate, and mudstonewith coal seams up lo several 
meters thick sandstone LS general!~· feldspathLc and bLotile-nch with mmormuscovite; medium- to thick-bed de,;] and 
cross-bedded; basal conglomerate common Includes the Chuckanu! Fomiation 

Middle-upper Eocene contin<lnlal sedimentary rocks - Llthofeldspathic to feldspathk sandston<i!, 
conglomer.ite, siltstone. shale, and coal; interbeds of basaltic lo rhyolitic tuffaceous and pumiceous sandstone and 
tuff, conglomerahJ includes chert and quartz pebbles and cobbles: weakly metamorphosed in part; abundant 
muscovi1e and leaf foss ils and minor biolite. Includes the Roslyn, Tiger Maunlain, and Renton Formations, Pugel 
Group undivided, part af the Chumstidc furma!lon, part of the Barlow Aw Volcanics, and part of the Naches 
Formation undivided. 

Lower-middle Eoc<!!ne continental sedim<i!nlary rocks - Micaceous.feldspruhic and lithofeldspathic 
sands1one and pebbly sandstone. with carbonaceous s1ltstono, shale, conglomerate, ;:ind coal: locally interbedded 
with tuff and volcanic brecda. lndudes port of the Swauk fomiation undivided. 

Middle-upper Eocene conglomerate and sandstone - Pebbles, cobbles, and boulders of gneiss, vein quart,,, 
;:ind volrnnk rock ln a 11.'ealdy cemented matrix of feldspathic s;:,.ndstone, and angular to subrounded clasts ofbiotite 
gneiss and vein quartz in a matrix of reddish sandstone, locally dominated by dasts of tonalite, granodiorite. schist, 
and serpenlinite. Consists of parl. of the Chumsti.:k Fonnation. 

Lower-mlddle Eoc<l!n<l! conglomerate and lilandstone - Pebble·cobble conglomerate interbedded with 
feldspathi~ and lithofeldsp11thLc sandstone 11nd minor iiltstane and sh;:,.le, and monalithologic fonglomerates with 
serpentinized pmidotitc in a smpentinite sand matrlX. Consist.s of port of the Swauk Formation undiuidEd. 

Eocene-Paleocene 

Marin<!! sedimentary rocks - Lithic sandstone, semisc.hist, siltstone, slate, granule or pebble conglomerate, and 
siltstone- or slaW-dast brecci11: very dark gray: commonly laminat.?d and rhythmicully bedded with abundant 
muscovite and basalt detritus; weakly metamorphosed. Consists of !lie Blue Moun/ain urnl (Tabor and Cud!,I. 1978a). 

CRETACEOUS 

Marine sedimentary rocks - Feldspathic sandstone, shale. and minor conglomerate composed of pebbles, 
cobbles, and boulders of plutonic. metamorphic, volcanic. and 'll!dimenlary rocks in a feldspalhicsandstone mahix. 
Includes the conglomeratic strotQ af Two Buttes Creek (R A Haugerud and R. W Tabor, USGS, written com mun, 
2000), thestrala af Freezeout Creek (R. A. Haugerud and R. W. Tabor, USGS, written com mun., 2000} of the Ham 
Pass Fonnot1on, Harts A.,ss- Formation undivided, thE Panther Creek fumiation, Jack,ta Ridg<l unit undivided (R. A 
Haugerud andR. W. Tabor, USGS, wrirten oommun., 2000}, andthestrolo ofMQjesticMountain (R. A Hougerud ond 
R W. Tabor, USGS, written com mun., 2000). 

Nearshore sedimentary rocks - Sandstone, conglommate, shale. and minor coal deposited during several deer>· 
manne to terrestrial cycles. Includes the Cednr DLstrict, Pmtectlon, Erten.sion, Haslom, ond Comm Formotlons and 
Nanoimo Group undivided. 

Continental s.idimentary rocks - Well-stratified, thin- lo th ick-bedded b1olile-bea1ing lithofeldspalhic 5andstone 
to ciwrt·lithic sandstone, siltstone. and c:onglomerate; locally oontains mudstone and andesitic volcanic rocks; 
conglomerates are rich in either chert dasts or sandstone, silt,tone, and granite dasts; locally con tams Duv,al redbeds, 
paleosols. wood, leaf and fern fossils, scoured surlaces, load casts. and !n-silu stumps. Consists of Coot Wall uni! 
undivided (R. A. Haugerud ond R. W: Tabor, USGS, written com mun., 2000), the Ventura Member oft he Midnight 
Peok Formation, Winthrop Formation undivided, the Slate Peak Member of the Virginian Ridge Formation, the strola 
of Cow Cre<'.'k (R. A. Haugerud and R. W. Tabor, USGS, written commun., 2()()0) of th,, Virginian R;dge Formation, 
partoftheuo/canlcroclcsojThreeA M Mo unto in (R.A Hougerud andR. W. Tobor, USGS, written com mun. , 2000) of 
the Winthrop fumrnrion. and part of the Midnight Peok Formation undiuided. 

Conglnmer11te - Chert-pebble conglomerare with minor sandstone and siltstone; locally pl~nar-bedded with low
angle cross-beds; includ"5 dikes and sills of mafic pyroxene 11nd (or) hornblende porphyry. COllsisrs of the Del'ils Pass 
Member of the Virginian Ridge Formation. 

Conglomerate - Cobble conglomerate, clasls dominantly hornblende !Onalite. w,th granodiorite, apliie, felsic 
volcanics , ;;,nd raTs! limestone . Consists of the cong/omeraie of the Harts Pass Formarion (R. A Haugerud and R. W 
Tabor, USGS, wntt,mcommun., 2000). 

CRETACEOUS-JURASSIC 

Marine sedimllntary rocks - S.mdston~, s1ltston,1, and minor tuff: sandstones commonly volcanohthic; west of the 
Straight Creek fault, also contains rugi llite , luffaceous chert, pebble lo boulder conglomerate and breccia, radiolarian 
chert, marl, and rate coal: conglomerate typically rich in volcanic 11nd pluionic clmrts: siltstone and s11ndstone are thin
to thick-bedded, contains rip-up clas1s; locally faulled and (or) m«tamorphosed. /ncludES µor/ of !lie Fida/go Comp!e>:. 

Nearshore sedimentary rocks - Volcanic-lith ic pebble conglomerate and breccia with siltstone and sandstone 
interbeds. Consists of the Spied en Group. 

JURASSIC 

Marine sedimenlaJY rocks- Thin-bedded volcanic-lith1c sandstone and pelite Conslsts of the Dewdney Creek 
Formalion. 

TRIASSIC 

Nearshore udiment,,,.ry rocks- Volcank- lilhic siltstone. sandotone, tuff. conglomerate, brecciil, and lime~tone. 
Consists of t/ie Haro Formatio,,. 

MIXED VOLCANIC AND SEDIMENTARY ROCKS 

PALEOCENE-CRETACEOUS 

Sedimentary ill.nd volcanic rocks, undl11lded - At Point of the Arches {T32N Rl6WI. consists of SJ!icilied, 
compositionally heterogeneous, micaceaussubquartzose and quarlzosesandstone interbedded with argillite, chert, 
mEtabi>sall, pillow basalt, basalt brncda, mudflow breccia, conglomerate, and mtl11nge of Paleocene and (or\ 
Cretaceous rocks: m~lange consists of sil icified feldspa.thicquart20se sandatone, metadadte, 1netatuff, basalt, phyllite. 
Unit also includes minorOligocene-Eocene marine turbidites and Paleocene intrusiw hornblende dacire. 

• 
• 

CRETACEOUS-JURASSIC 

Volcanic: and sedimentary rocks, undivided - Basalt to dacite tufl, lapilli tuff, 1111d flov,:s interlay«red with thin· 
lo very thick-bedded volcanklastic o,: tuffaceous siltstono, sandstone, and conglomerate: locally includes chert and 
siliceous argillite: contains pumpellyLte, chlonte, epidote, prehnite, albite. and possibly aragonite Consists of ])(lrtof 
the Frda)go Comp/ex. 

JURASSIC-PERMIAN 

Volcanic: and sedimentary rocks, undivided - Greemtone with loc11! pillows and minor tuff and brecciu, 
vokanic-lithic sandstone, argillit,i, llmestono, ribbon chert. and rare uralitic pyroxene gabbro; sandstones indude 
m.irine fossils; mosily recrystallized to prehnite-pumpellyLte facies. Consist,; of the Hocom~ErP Group. 
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QUATERNARY 

Rhyodaclte to daclte - BioUte-hypersthene-homblende-plagloclase rhyodacire, hornblende-pyroKene dacite, 
11nd olivine-pyroxene 11nd hornblende-pyroxene and,1site: intrudes and overli"" unit Qvt n<lar Mount &.ker. lndudes 
port of the rocks of Ku!shan caldero undivided /Hfldreth, 1994, 1996; Hildreth and Lanphere, 1994), 

Dadte nows - Porphyritic clinopyroxene-hypersthene dacite nows and rubble; mostly unconformable on 
pre-Glaclet Peak rocks: indud€s oxyhornblende-hypersthene dacite on Dix1pp0intment Peak. Consists af uo/conk 
rocks and depo$ils of Glacier Peak undivided (Cufuer, 1936) and the dacite of D,sappain!ment Peak (Tabor and 
Crowder, 1969) 

Pyroclastic deposit, - Dacite ash and pumice deposits east of Glacier Peak and near-vent fragmental deposits of 
Mount Baker. Includes Glacier Peak tephro (Porter, 1976; Beget, 1981, 1982), part of the andesite of Black Buttes 
(Tabor and others, in pre.s,; b), and p:,ri af the White Chuck assemblage /Beget, 1981, 1982). 

Tuff - lntmcaldera rhyodadte ash-flaw luff filling Kul5han caldera locally inciudes caldera-lake sedlment;:,.ry 
de po.sits, intercalated sheets of rockfall breocia, caldera·collapse mega blocks, cros.s-cutting andesite dikes , w,:,lded 
dacire vihic tuff. and irregul<Lr intrusions; Whit€ Chuck luff consists of vitric luff. locally with scattered pumiceous 
concentrations. Indudesthe White Chuaktuff (Ford, 1959; Tabor and Crowder, 1%9), the ignimbnte a/Swift Creek 
(Hildreth, 1994, J 996; Hi/,:Jreth and Lanphere, 1994/, part of thE ~ of Kulshan caldEm undiuid~d (Hildreth, 1994, 
1996; Hildreth and lonphere, 1994), p:1rtofthe White Chuck fill /Ford, l959; ToborandCrowder, 1969), and port of 
the WMe Chuck assemblage (Beget, 1981, 1982). 

Andesite flows - Pyroxene andesile and minor hornblende andesite fk,,,.-s. now breccias, dikes. and hypabyssal 
intrusives on and ne11r Mount Bal<er; also contains agglutin;:,.te, ocoria, pyrodastic-flow deposits, 1111d olivine basalt. 
Consists of the ande.<ites of Bastile Ridge, Co!eman Pinnacle, Cougr,r Dw,de, Losiocorpo Ridge, Laua Divide, n.i 
Parta!s, Pin us Lake, ond Table Mountain (Toborand others, in press b), the andesiteofSwift Creek (Hildreth, 1996), 
ancJesite of Mount Boker undiuided (Tabor and aihers, in press b), and part of the ande.site of Black Buttes (Tabor and 
others, inpres:;;b). 

Bauoll flows - Olivine and pyroxene basalt Oav,,'s, tuff, sooria, and bmccia with less abundant hyaloclastite and 
basa!Uc andesile. Consists of the White Chuck cinder cone (Rosenberg, 1961; Beget, 1981; Tabor and Crowder, 
1969) ondthe basalts of Lake Shannon, Park Butte, and Sulphur Creek (Tabor and others, in press b). 

Laha-rs - lln,orted, generally unstratified mixtures of pebbles, cobbles, and boulders supix,rted b~ a matrix of 
sandy mud originaUng from Mount Baker and Mount Rainier, and moderate]~ to well-bedded assemblages of lahars, 
dacite pyroclasnc flow and surge deposits, air-fall ash, minor lacustrine deposits and alluvium, and rare dacLte flO\.\IS 
originating from Glacier Peak; the Osceola Mudflow is clay-rich and cohesive, beooming better sorted downstream, 
and fonnshummocksas high as 20 m. Includes theSuiotllefi/1 {Ford.1959; Tabor and Crowder, 1969; Beget, 1981), 
the White Chuck, Kennedy Creek, DusiyCreek, Choco/QteCreek, and BaekosCreekassemblages (Beget, 1981), the 
Lyman i<Jmlr (Dragoukh ond others, 1999, 2000a.b), 1he fohar of the Middle Fork Nooksock Riuer /Hyde and 
Crandell, 1978). the Osc.eo/a Mud/low, and ,x,rtofthe White Chuckfill(F ord, 1959; Tabor and Crowder, 1969}. 

TERTIARY 

Pliocene 

Volcanic rodtlil - Rhyolitk, andesitic. and basaltic altered tufl, volcanic breccia, volcanic sand5lone, welded tuff, 
;:ind luff11ceous conglomerate: minor oo.salt flows. Consists of the ~·a/conic rocks of Gamma Ridge (Crowder and 
others, 1%6; Tabor and Crowder, 1969) andportoftheHannegon Volcanics. 

Volcanic br,:,ccia - Volcanic bmccia with clas/s of andesite and older rocks in an andesite tuff matri~. Consists of 
parr of the Hannegan VoJcanlcs. 

Miocene 

Tuff- Rhyodacire crystal-lithic ash-flow tufl. Consisrsofpar toftheF 1fe8PeaKF omiatlon 

Andesite -Andesite, basalticand~site, and basa1tnows11nd flow brocci!"S: subordinate porph~ritic hornblende and 
uysta l-hthic luff; some flows contain both clinopyroxene and orthopyroxene; minor mudflow breccia, dacite, 
volumic sandstone, conglomerate, and siltstone with leaf fossils. Includes the Howson andesite (Smith and Ca/kins, 
1906), the andesite of Sugar!oaf Peak (Page, 1939; Tabor and others, 1987a), and part of the Fifes Peok Formation. 

TERTIARY 

Pliocene 

Daclte - PorphyriLic biotite-homblende·hvpersthene dacit~ and <ladle bmoc1a form ing plugs and dikes. locally with 
quartz phenoc,vsts and w,:,ll-developed columnar join Ling. 

Granite - Homblende-biohte wanite, granod,onte, and porphyritic grnnod,orite: compositionally heterogineous; 
commonly altered Includes the granite of Ruth Mountain (Tabor and oth<lrS, in press b} of the Chi!liwockcomposite 
batho/ith and the granit'e porphyry of Egg Lake (Tabor and others, in press b) of the Chil!iu1ack composite batholith. 

Quartz mon:i:onite - Qumtz moru:onite and granire with minor granodiorite and quartz monzodiorite: uralitic with 
relict clinop~r=ne. Consists of the quart;; monwnite and granite of Nooksack Cirque /Toborond others, in press b) 
of the Chil!iwock composite batholith. 

Granodiorite - Pyroxene-biotite-hornblende granod,orile and quartz monzodLonte. Includes the Lake Ann stock 
/James, 1980) of the Chilliwack composite batholirh and the Cool Glacier stock (Tabor and Crowder, 1969). 

Quartz dlorite - B1otite-clinopyroxene quartz diorite and q1,arti moniodiorile with minor hypersthene and uralite; 
locally plagLodase-phync Consists of the quartz diorite and quart>! monwdlorite of Icy Peok (Tabor and others, in 
pres., b) of the Chi/liwod composite batho/ith. 

Pliocene-Miocene 

Daclte - Biotite-hornblende-hypersthene dacite plugs with columnar jointing and dikes; also includes altered 
bmwa and Dows Consists of the volcanic rocks of Cady Ridge (Crowderand others, 1966). 

Miocene 

Dacite - Porphyritic dadte and intn.isive broccia with p henocrysts of labradorite, quartz, and hornblende, mLno1 
porphyritic andesite breccia. microparphyritic rhyolire , dadte , and porphyritic rhyodacite: intrusive breccia of the 
Cloudy P-dSo batholith consists of fragment:; oflabradonte and granodLonte m a matnx of granite and dark-colorod 
tonali!e Includes port of the Cloudy Poss batholith. 

Anduite - Dark way to black porphyritic andesite, porphyritic dacite, aphanitic to porphyritic pyroxene
hornblende andes1te. c1nd basaltic andesite; includes dikes, sills, plugs, and stocks throughout the Cascade Range . 
/ndudes part of the Cloudy Aw baiholith 

Granite - BioMe (:t hornblende) granite and granodionre. Consist,; af the granites of western Bear Mountain and 
Depot Creek (Tabor and others, in press b) of the Chi/Jiwock composite batho!ith, the Mineral Moun/a in p/u/on (To&o, 
and others, in press b) af the Chi//iwack composire bathollth, port of the Cloudy Pass batho!ith, part of the Snoqualmie 
botho/ith undivided, and part of the Chi//iwack composite bathoJlrh undivided. 

Quartz mon;,gonit<l! - Biotite·hornbl.-:nde and biohte-pyroxene-hornblende quartz monmnire and quartz 
monmdiorite with local granite, granodiorite , and diorite; at Redoubt Glacier, consists of 11 small stock of gr~nite. 
Consists of the qumtz monzodiori!e of Redoubt Creek (Tabor and others, /11 press b) and par/ of the Chilliumck 
compasite barholiih undivided. 

Granodiorite - Biotite (:t hornblende) granodimite: grades to granire, tonalite, quartz monzorn!e, quartz 
monwtliorite, or gab bro within ind1vidu11l iniiusive units: t,1,:luraUyvaried; locally forms a complex of dikes, sills, and 
irregular small masses. Includes the Ruth Creekpluton /Tabor and ollrers, m press b; Tepper, 1991) of the Ch1/!iwack 
composite batho!ith, the stock an Sitkum Creek (Toborond others, in press a) , portafthe C!oudyfuss batholith, and 
port of the Snoqualmie batholith undiuided. 

Tona lite - Hornbl«nde-blotit~ lonaliW with granite 11l11skit€ in clustered dihs and sills and uralitk pyroxene tonalite 
grading to rare granodiodt~ or quartz diorite. Includes file Downey Mountain ~tock (Gran~ 1966}, the tona/ite of 
Silver Creek (Tabar and others, 1993), port of the C(oudy Pass batholith, part of the Cascade fuss dike (Tabor, l 963), 
part {)j the Moun! Buck Indy pluton (Bryant, 1955), and part oftheSnaquolmie balho/ith undivided. 

Gabbro - Olivine-bearing gabbronorlte with minor lwo-pyro~ene diorite, hornblende diorite, and quart,; diorite. 
Consists a/the Mount Sefritgabbronorite /Tepper and others, 1993) of the Chlfllwackcomposite batho/ith. 

Intrusive brec:cia -Silicicto mafic breccia, locally with dasts oftonalite only or with dasts including schist. gneiss, 
andesite , or basalt, locally altered and sheared. Includes the intrusiue breccia of Conglomerate fblnt /YeoLS, 1958a), 
the porphyries and breccias of Lyall Ridge {Cater, 1960), part of the Mount Buckindy plut-On (Bryan/, 1955), part of 
the Cascade Pass dike (Tabor, 1963), ond part of the Cloudy Aw batholith. 

Miocene-Oligocene 

Andesite -Htghlg altered, brown lo green, hornblende and pyroxene plagloclase-phyric andesite; includes some 
dacite with ground-m11ss qu11rtz; smecti te and zeolite aJ:reration common. 

Granit<i! - Hornblende-biotite and lwo·pyroxene granite with subordinat« porphyritic granophyre, porphyritic 
granodioritc, and granodiorite; commonly altered with seoondary chlorile and epidote. Includes the granite of Moun/ 
Hinman (Erikson, 1969; Tabor and others, 1993) ajrhe Snoqualmie bathalith, the granite of SonJoon Creek /Tabor 
m,d <line~. 1993) of the Grotto batholith, part o/rhe Snoqualmie batholith undiuided, and part of the Grotto bot~o/ilh 
undfoided. 

Granodiorite - Hornblende-blotite granodiorile, tonalilo, ar,d granite; loClllly contains augite, h,,persUmne, and 
uralitic hornblende: alteraUon products include chlorite, eptdote, and sphene; local fine-grained mafic inclusions. 
Includes the Monte Cristo stock and Dead Duck pluton /Tabor and others, in press a) of the Grorto batholith ond port of 
the Snoqualmie botholith undivided. 

Tonalite - Biatite-hornblende tonalite and granodiorile 1vith minor qualiz monzodiorire and quartz diorite; 
porphyritic contact breccia; locally mylonihc and highly altered. relict dinopyroxene, hornfels inclusions, 
metavolcanic rocks, and metachert. lndudes the Perry Cre~k phase !Tabor and others, jn press b! of the Chil/iwQck 
composite bathoJith, the Ho.eomeen stock ("foborand others, I 968), and part of th<! Grotto bQlholith undiuided. 

Gab bro - Fine-grained to porphyriUc pyroxene-hornblende gabbro, biotite-homblende diorire , and quartz gab bro. 
~ubmdm;;,te pyroxene-bearing tonahre and quartz diorite; locallg as.sociated with contact-metamorphosed andesitic 
rock. Includes parl of the Snoqualmie batholith undivided and part of the Groeto batho/ii.h undivided. 

Breccia - Breccia of fine- to medium.grained homblende·biotite tonalihl containing mafic inclusions. Include, parl 
of theSnoqualmie botholith undiuicJed. 

Oli.gocene 

Andesite - Porph~'ntic pyroxene andesite \\11th plagiocl.Loe phenocrysts and glomeroc:rysts and rare hypersthene: 
locally contact metamorphosed by younger intrusive rocks. Consists af the metaporphyry on Troublesome Mountrnn 
(TQborund others, 1993) and part of !hE volcanic rocks of Mount Daniel (Tabor and others, 1993). 

Rhyolite - Granophyre and porphyritic rhyolite grading to hornblende gramk loc.allyconsists of plagLodase· and 
quartz-phyric rhyolite with a devltrilied groundmass or an intrusive porphi:ritk rhyolite bmccia with inclusions of 
oountr,i ,ock and broken phenocrysts; locally includes tonalite dikes. Consists of part of the uolcanic rocks of Mount 
Daniel (Tabor and others, 2000). 

Granite - Biolile granite and locally qua.rlz..phyric biolile alask;te with prominent perthit« prisms and rare 
hornblende. Consists of the biollte olaskite of Mount Blum (Tabor and othters, in press b) and the Pocket Peak µhase 
(/Qborand others, In press bJ ofrhe Chll!lwack ~omposite botho/ith. 

Granodiorlte - Bioute-homblende granodiorite with less common tona lite, quartz diorilo, granit~, and quart? 
monzodiorite: rare diorite, hornfelsic diorire, .:md pyroxene-biotite-homblende granodiorite; local intense alteration 
to s~ric ite, epidote, calcite, prehnite, 11nd chloriie. COllsisrs of the Baker River and Ind/an Mountain phases (Tabor and 
others, in press bJ of I.he Chi//iwa.:k composite batholj!h. tlrn biotite grunod,orite af Little Beaver Creek (Tabar an,:J 
others, In press b} of the Chi//iwack composite batholill,, part of the granadiurite of Mount Despair (Tabor nnd a!hers. 
in press b) of the Chilliwackcomposite batholith, the Gub!m Peakund Sunday Cw.ekstocks (1i;borand others, !993! 
of 1he fndex baiholith, ond Index bathofifh undiuided. 

Tonalile - BLolite-hornblende tonali1e. indud~s a vanely of sihcic to interrnedi;;,te intrusivB rocks, some of which are 
altered or metamorphosed, and local inclusions and layers of biotirn grnnodiorite 11nd hornblende qu11ri,; diorile. 
Consists af the Chi//iwack Volley phase (TQbor and others, in press b) of the C/1illiwack composite bn!ho!.tl,, the 
tonalite of Maiden Lake (Tabor and others, in press b) af rhe Chi//iwack oomposlte baiholl!h, the heterogeneous 
tonul1te nnd grarrodiont.. of Middle Reale (Tabor and others, in pres.,; b) af the Chilliwack composite batholith, ihe 
Silesia Creek plutun (Tobar ond others, in press b) of the Chilliwock composite batholilh, the Shake Creelc stock 
(Tabor and others, In press a) , and port oftl,e Sgulre Creek stock ,mdiuided (Bourn , 1968; Tabor and others, in 
press a). 
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DESCRIPTIONS OF MAP UNITS 

VOLCANIC DEPOSITS AND ROCKS 

Middle Mioctl!De Grande Ronde Basal!- Fine-grained, aphyric to spa,se!y phyric basalt with bas,,ltic andesite 
chemistry; interbeds of tu!foceous sandstone, siltstone, and conglomerate. Consists of Grande Ronde Basalt 
undivided. 

Middle Miocene Grande Ronde Basalt inHslve floW!l - Sills and dikes of basaltic andesite and peperttes 
fonTied by the invasion of Grande Ronde Basalt lava into poor),, consolLdated sedimmts. Consists of the invasive flow 
of Howard Creek (Rosenmeier, 1968) of the Grande Ronde Basalt. 

Volcaniclastlc rocks - Rhyolirn; andesite. and dacite volcaniclastic breccia, sandstone, siltstone, and 
conglom,1rate; luff imd luff brecda; locally abundant schist and gmnitic dasts upto 200m long and 50 m high; local 
chlorite, sericite, and epidote alreraUon or thermal metamorphLsm. Includes Ille brecc1a of Kyes Peak (Tabor and 
others, 19820) and tile uo/conlc!astlc rocks of Cooper Aw (Ash/eman, 1979). 

Volcanlclastlc rocks - Tuflaceous, pumiceous, poorly sorted, indurated sandstone and conglomerate 
Lnterbedded with numerous ;:,.ir-full tulh, localed ruound the south shore of Lake Sammamish [T24N R6EJ. 

Miocene-Oligocene 

Tuff - Rhyolite to dacite tuff, ash-flow tuff, aru:I bmcda. Cons/stsoftheEagletuff(Y eots,1977). 

Andesite flows - Predominantlg dark-green to black ;;,ndesite 00\.\/S and flow breccia; also includes basaltic 
and.isl tr, and basalt flows, broccia, well-bedded tuff. and volcaniclastic rocks. Consists of the volcanic rocks of Eagle 
Go.ye /Hammond, 1963; Toborand others, 2000). 

Oligocene 

Rhyolite - Rh go lite tuff, breccia, flows, and local mbusions lm:/udespartof the uo!canic rocks afChlkamln Creek 
(Tabor and other:-i, 1987a) and port of the vo/conic rocks of MountDaniel (Simonson, 1981; Tabor and other8, 2000). 

Dacite - Da,::ite and minor andesite and rhl'Olite in flows, flow broccia., welded tuff. dikes, sills, domes, and plugs: 
local sandstone-block megabreccia: alteration common. includes the uo/ccn/c rocks on Garfield Mountain /Tabor and 
others, 1993}, part of the uolcanic rocks of Mount Danie! (El!is, 1959; Taborand others, 1993, 2000), and par£ of the 
oolcanic rocks offioneer Ridge (Tabor and others, in press b). 

Tuff - Rhyolirn to dacite, fine"grained to lapilli, crysta l-lithic and ash-flow tuff; rhyolite to dacite breccia; locally 
mterbedded with feldspathic sandstone. Includes the Lake Keechelus tuff memtier (Tabor and others, 2000! of the 
Ohanapeoosh formation, the ruff of Boundary Creek (R. A Haugerud and R W. Tabor, LJSGS, written commun , 
2000), pari of the oolcanfc rocks of Big Bosom Buttes /Tabor and athe~. in press b), part of the vo!canic rocks of 
Chikomin Creek /TQborand others, 1987a), ond part of the volcan,c rocks of Mount DanJe/ /Tobar and others, 2000}. 

Vokaniclasllc rocks-Well-b<Wded, multicolored, lithic and c,vstal-llthic andesite ordacite tuff, bmccia, basalt 
and andesite flows, and rhyohte tufl; locally abundant leaf fossils. Includes Ohanapecosh furn-wt.ion undivided clrld 
I.he uo!canic rocksafRattlesnakeMountain (Wa/sh, 1984). 

Volcanic brec:cia - Dacite ;:ind ande~ite bmcci11, mudnow breccia, and minor tuff beds, flaw5, fe ldsp11thic 
s:i.ndston€, and conglomerate. Includes the breccia of Round Loke (Tabor and others, in press a), the oo/canic roe/cs of 
Mount Rahm (Haugerud and others, 1991), part af the uokonlc rocks of Big Bosom Buties (Tabor and others, in press 
b), and part of the volcanic rocks af Pioneer Ridge (Tabor and others, in pre.s:s bl. 

Oligocene-Eocene 

Andesite - Porphyritic basaltic andes ite fiows and fiow broocias with minor andesite, basalt, dacite , and 
volcaniclastic rock. In dudes rocks previously called KeechelusAndesitic Serles (Warren and oihers, 1945}. 

Basa.It - Dark green-gtay basalt and basaltic tuffs, basalt breccia, and basaltic sandstone with raro pillow or 
amygdaloid11I basalt includes gabbro. diabase, greenstone, and interbedded gray or brick-red limestone; 
metamorphosed to zeohte facies. lnd~des part of the Needles-Gray Waif, We.stem Olympic, ond E!who liihlc 
assemblages (TaborandCady, 1978a). 

INTRUSIVE ROCKS 

Quartz diorite - Biotite-hornblende quarU: diorite and porphyritic hornblende-cl inopyroxene quartz diorite. 
Consists of the Price Glacier p!uton (Tabor and others, In press b) of the Chi//iwaclc composite batho!ith and port of the 
Squire Creek stock undivided (Taborand others, in press aJ. 

lntermEdiate intrusi11e rocks - Agmatite consisting of swarms of di!rk rounded inclusLons of mafic biotitll 
hornbl1mde quartz diorite and line-grained tonalite in 11 granodiorite and ton11li1e m11hix. Consists of part of the 
granodiorite af Moun/Despair (Tabor and others, in press b) aft he Chi/liwack composite batholith. 

Bill.sic (malic) intrusive rocks - Pyroxone and {or) hornblende gabbro, diorite, and quart! diorite . Consists of the 
gabbro of Copper Lake (Tabor and others, in press b/ of the Chilliwack camposite bothofith, lhe diorite of 
Ensawkwatch Creek (Tobor and a/hers, in press b) af the Chil!iwack compo.si!e batho/ith, and parrof!he Chil!iwack 
composite batholith undivided. 

Oligocene-Eocene 

Dacite - Porphyritic dacile. 11ndesLt€, and hornblend,1 ton11lite; commonly altered to secondary epidore, chlorim, 
sericlte, and alb1te. ConsisLS of the Sauk r1ng dike (Tabor and others, m press a). 

F\,rc,xene andesite - Pyroxene andeoile sills up to 120 m thick and less common dikes: commanlg dark gray, 
except whit€ lo red whero hydrothermally ;:,.ltered on Tiger Mountain and where they intrude coil I seams. Consists of 
rocks formerly ca!led the intrusiues of the Keechelus Andesit,c Series (Warren and olhers, 1945). 

Eocene 

Dikes, undivided - ChieDy dark-oolo,ed aphani!ic dacit« , rhyodacite, spessartire, hornblende-quartz diabase, 
augilo minette , and kersantite; also lighl·colored aphyric bio!ile-qua.Tiz gr11nite, granodiorihJ, qu~rtz diorite, and 
mmor alaskite: occurs as dikes mostly les.s than 60 m thick. 

Rhyolite - ln the Tean;;,way Rtver basin, consists of dikes i!nd plugs of friable white rhyolite; elsewhere, oons15ts 
of porphyritic b iolile hornblende dacite. Inc/udestheporphyriticdaciteofBasaliP eok(Cater , 1982;T aborand 
others, 1987)andthedac,teoft/ieO/dGibvo/canicneck(Cutero,1dCr owder,1967). 

Andeslte - Small intrusion, of porphyritic labradorite andesite , parphyriUc hornblende arnfosite , porphyritic 
daci!e, and locally altered andesite; a long Issaquah Creek, probably feeds o'.lertying unit Eve (Vine, 1969). 

BaliiC: (mill.fie:) intrusive rocks - Basalt and diaba,;e dikes, sills, ;;,nd plugs: fine to coarse gr.:,ine<l, may be v2sicular 
and {ar) columnar-jointed; on the northern Olympic Peninsula, associated w;th pipe·lihe masses of si licified basalt 
breccia in opaline matrix: in the southeast part of the map, con5ists of thousands of sub-paralld basalt and diabase 
dikes. ranging in thickness from l to 50 m and in length up tosewral kilometers Includes basol1ic plugs and dikes of 
Cl1iwaW(l Riocr (Cater and CrowdE~ 1967), parl of the Crescent Formation, and part of the Teanawoy dike swann 
(Southwick, 1%6). 

Granite - fine- to medium-grained biotite granite and less common granodiorite; locally foliated and porphyritic; 
the Golden Hom batholith contains alkali granite wirh sodic amphibole. Consists af the Golden Hom batholith 
(M,sch, 1952), the Monument Fbik stock (Tabor and others, 1968). the Moun/ Pf/chuck stock (Years and Engels, 
1971), ondfheRampart Mountoinpluton (Cater, 1982). 

Granodiorite - Granodimite that locallg grades to tonalite; a lso granite aru:I minor quartz diorite . Includes !he 
Fuller Mountain pfug (Tabor and others, 1993), the Granite Falls stock and associated plutons (YeQLS and Enge!s, 
1971}, the Railroad CreekpJutan (Cater and Crowd~ 1967). the Lorch Lakes pluton (Cater, 1982), the Castle Peak 
stock(Da/g 1912), QncJlhe biotitegranodiariteandgranitenear Holden /Caterand Wright, 1967/. 

Tonalile - Hornb lende ( ± biotite) tona\ite; minor quartz diorite and quarl< gabbro; locally porphyrL1Lc. Includes the 
hornblende biotite wno/ite near Holden (Cater and Wright, 1%7) and part of the Coppe,- Peak and Holden Lake 
pfutons (Cater and Crowder, 1967; Cater, 1982) 

Quartz diorite - Compositionally h,1lerogeno\.!S plutons and diks!s of gneissose quartz diorite, tonalite, 
granc<liorite, rnonzodiorite, and rare granite; contact phases also contain homblendite, hornbl«nde 9abbro, diorite , 
and met11morphic incllLSions. lndudes the Duncan Hill p/uton (Cater and Crowder, 1967). 

Gabbro - Gabbro and diabase dikes and sills; in the Olympic Peninsula, intrude,s bothlaw<!rand upper parts of the 
Crescent Formation and lhe overlying sechmenta,y ro~ks; nEar Bremerton. consists of leucogabbro 11nd gabbroic 
pegrnatite in an ophiolite oomplex on Green Mountain ilnd Gold Mountain [Clark, 1989); in the western Ca,cade 
Range, intrudes th.? Barlow Pass Volcanics. Includes the diabase a/Camas Land (Smith, 1904), part of the Crescent 
Formation, part of ihe Barlow Poss Vo/conics, and part of the Teanaway dike swarm (Southwick, 1966). 

Pa]eocene 

Tonalite - Garnet-bearing bioti(e tonalite that grades locally Lnto biolire trondhjemite; foh;:ited along margins: 
intruded bygarnet·bearing aplite and pegmaUtedikes. Consis!:s of the OuoJ Fb,kpluton (Adams, 1961; Libby, 1964, 
M;/lerand Bowring, 1990; Miller and others, 1993c). 

PRE-TERTIARY 

Grllnudiorite and grauile - Medium- lo coarse-grain~d biotil~ granodiorile and w,,nile, oommonly gru;issic near 
rnarym, and locally cafoclao;tic; contains local 1 io 2 cm c,vstals of potassium feldspar, ~ccesso,v cordierite. and rare 
garnet. Consists of the Bald Mountam pluton (Dungan, 1974). 

Gabbro - Uralitic pyroxene gabbro locally interlayered with mafic tonalite; locally contains cumula!E layering; 
thermally metamorphosed near Tertiary plutons. Consists ofrhe Maney Creekgabbro (Plummer, 1964/ and pmt of 
th., Western me/ang€ belt /Tabor and others, 1982a) . 

TERTIARY-CRETACEOUS 

Granite pegmatlte - Mylonitic to blastomylonitic granite pegmatite sLils and dikes Invading country iock of the 
Skag1! Gneiss Complex: granite o?thogne1ss and local quartz monmnite orthogneiss. Cansists of the Sisters Creek 
plul-On /Tabor, 1961) and part of the Skagit Gneiss Complex undiurded. 

Intrusive rocks - Heterogenoous gabbro, granodiorite, tonalite, and granite; locally includes meti,gabbrn clOO 
ultramalic rocks; local I~ cataclastically foliated . Consists of the Ruby Creek heterogen~ous plutonic belt (Mlsch , 
1966). 

CRETACEOUS 

Alaskite pegmatite - Light-colored gneiss ?<1nging from fine-grained alaskite to pegmatite wlth abundant 
medium-wained alaskite gneiss; gneissic amphibolite inclusions and w:irled foliation common: occurs as masses with 
diffuse contacts or sharply bounded dikes and irregulruly shaped intrusians. Consists of part of the Entiat p/utan 
(Taboran,:J others, 1987a). 

Granodlorlte - Fine· to m001um-grained biot ,te and (o,-) hornbl.inde grnnodiorite, mdagranodiorite, or 
granod1oritic gneiss locally grading to tonalite , trondhjemite, metatonalim. and rare granite· typically non-foliat~d and 
equigranu111r to gne1ssose near m;:,.rgms: some plutons loc<llll' augen·gneis:sose, m~foniUc, or cataclasUc. ConsisLS of 
the Buck Creek and High Pass pfotons (Coterond Crowder, 1967), th.ifoam Creek stock /Tabor arid others, in press 

o), the Cyclone Lake, Downey Creek, andJordan Lakes p!utons (Taborand others, in press a}, the Beckler Peaks tocks 
(Yeats. 19580, 1977) of the Mount Stuart botholith, the Hidden Lake swck /Misch, 1966), the stock near Tomorack 
Peak (Tennvson, 1974), the stock south of Early Winters Creek (!ilborand others.1968), the LosiPealc and Pasagten 
stocks (Tabor ond otliers, 1968), the Rock Creek stock (Staalz and others, 1971), pori of the Sulphur Mountain p/u!on 
(Ford, 1957), andparlofth~Moun/Stuarlbatholith undiuided (Taborandothers, 1982a,b, 1987a). 

Tona]ite - Flne- to roa/S<l-graiued, equtgranular to weakly porphyriti~. hghl-colored biotite (:t ep1dole, 
hornblende. and muscovite) tonalJ!a, granodiorite , and minor diorile; maflc minerals commonly concenlrated in 
clots; non-foliated to stronglg foliated; locally myloni ,ically deformed; in the Entiat pluton, oomposttion and texture 
ru,1 highly vmiable. grading from tonalite gneiss to hornblende schisr, amphibolite, dioritic pegmatl!e, and 
hornbl«ndite with dik«s of fin«-graine<l lo pegmatitic hornblende tom:ilite . diorile, and gabbro. Includes Black Peak 
batholith undiuir:Jed (Misch , 19[,2), !lie Reynolds Peak phase (Miller, 1987) of the Black Peokbu!holitli, the stock near 
Fortune Creek (Loursen and Hammond, 1974}, the Grassy Fbin! stock (Crowder and others, 1966), fhE Seuer, 
Angered Jock plutan (Cater and Crowder, 1967; Cater and Wright, 1967), the Clark Mountain p/uton (Cuter and 
Crowder. 1967), the Dirty face p}uton (Ford, 1959}, the Tenpeok pluton /Crowderond others, 1966), the ton a lite of 
Hording Mountain (Tabor and others, 1987a) of tl,e Muunt Stuart batho/ith, purl af the Cardinal Peak and Entiat 
p/utons (Cater and Crowder, 1967), and part of the Mount Stuart bothofilh undii,ided /Smi!h, 19(]11). 
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Eocene 

Volcanlc rocks - Andesite, basalt, rhyolite, and dacite nows, braccia, and tulf; locally in!erbedd~d with minor 
tuffaceous or volcanidas!Lc to fe!dspathic sandstone, conglomerate, and argillite; pyroxene-hornfels-fodes contact 
metamorphism near Tertimy plutons. Includes part of the ookanic rocks of Mount Persis (Tabor and others, 1982a), 
parl of the Barlow fuss Vokan,cs, and part afthe Na~hesFormot,on undi~ided. 

RhyoUte - Rhyolite flows, domes, welded crystal-liLllic ash flowtulfs containing pumice lapilli, and 11s;ociat€d flow 
breccia: minor andesite Hows: thin feklspathic sandston€s and shales interbedded with ruffs; contains asscciated plugs 
and dikes on Teanawlly Ridge and near Lake Cavanaugh. Includes the rliyolite of Hanson Lake /Danner, 195 7/, part 
of the &r/ow fuss Volcanics, part of the Teano way Formation, part of the Naches Forrootion undiuided, and part of tfrn 
Crescent Formation. 

Daclte - Dadte and andesite fiav,,•s and pyroclastic rocks thai indude altered rhyolite or dadte ash-How tuff and tuff 
breccic1: locally interbedded with silndstone. Includes theSi/uer Riss Volcanic Member of rhe Swauk Fonnation. 

Tuff- Water.l;:,.id rhyoUtic to etndesilic ruff and mu.dflow braccia, or flow-banded, welded. crystal-lithic <ISIJ-flow tuff 
containing pumice lapilli, volcanic brew a, and minor thm feldspath1c sandstone and shale inrerbeds. lndudes the 
Mount Cati1erlne Rhyofite Member of the Naches Formation, part af the Crescenf Formafion, and port of fhe Lyre 
Formatjon. 

Anduite - Altered hornblende andesite; thick bedded 1vith loc11l columnar jointing: thin-bedded hornblende 
andesite tuff; local!,.> includes porphyritic pyro,:ene andesihJ. Inc!udes part of the Lyre Formation and pari of tha 
uo/can/c rocks of Mount Persis (Tabor and athfrs, 1982a). 

Basalt - On the Olympic Peninsula, includes basalt, piUow basalt, and basaltic volcaniclastic rocks with minor 
gabbro, diabase, luff, basaltic sandstone, siltstone, and red argillite: locally metilmorphosed to upp.,r zeolite focies; 
commonly faul t. bounded. In the Puget Lowland and Cascade Range, includes basaltic to rh,,olilic flows , breccias, 
and tuffs lnterbedded with minor luffaceous to feldspathlc sandstone, conglomerate, and a,gillite; alremd with 
chlorite, epidote, calcite, and sericite. lncJur:Jes porrofthe Teanawav and A/dwell Formations, part of the Churnstick 
Formation, part of the Naches Formation undivided, and port af the sedimentary and basaltic rocks of Hobuck Lake 
{Snoue/yondoihers, 1993). 

Lower-mlddl,i Eocene Cn,,icenl Formation - TholeiiUc basalt Dows, basaltic Dow breocia, filled tubes , and 
vokanidasUc conglomerate: gab bro dikes and sills; locally contains thin interbeds of basaltic tuff, chert, red arglllite, 
limestone, and silrstone: ram andesite, dacite, and rhyolite; marine, pillow-dominated lowef part grades into flow
dominated, partially non.marine near top with local oolumnaT joinUng, altered to palagortile, chlorile, z;eolite, or 
epidote. Cons,sts of part of/he Crescent Formation. 

Vokanlclastlc rocks - On the Olympic Peninsula, consists of thin-bedded manne siltstone with mterbedded 
basa!Uc tuff-brna:;ia c1nd quartzose sandstone. overlain by mudflow deposL15. pillow lav.i, breccia, and tuff breccla with 
minor lnterbeds of pebbly concrotionary si ltstone and basaltic sandstone. Southeast of Seattle, consists of andesite 
tuff-breccia, tuff, conglomerate, and volcanic-Uthic sandstone with intercalared feldspathi~ sandstone and impure 
coal beds. Includes the Tukwllc fumiatton, partofthesedimenMry and basaltic rocks ofHobuck Lake (Snaue/~ and 
others, 1993), and part of rhe sandst.one of the SooesRiver area (Tabor and Cad)!, 1978a). 

CRETACEOUS 

Volcanic rocks- Andeoile imd dacite brecc1a, tuff. and flows, with minor tuffaceous chert-pebble conglamerate 
and coarsely cro.ss-bedded tuffaceous or volcaniclasticsandstone. Consists of the volronic breccia of Mount Ballard 
(R. A. Hougerudond R. W: Tobor, LJSGS, writtencommun., 2000) of the Virginian Ridge Formation, uolcanicrocksof 
the Goat Wall unit (R. A. Haugerud and R. W: Tabor, USGS, written rommun., 2000! , part af the Midnight Peak 
Formation undivided, and part of the vofcanicrocksoJThreeAM Mountain (R. A. Haugerud and R. W. Tobor, USGS, 
written oommun,, 2000) of the Winthrop Fonnoijon. 

JURASSIC 

Volcanic TOCkli - Dacite keratophyre to spL~lli porphyritic Oows, flow breccLas, and luffs: dinopyroxene-phyric. 
Conslsts of part of lhE Rdalyo Complex. 

Quartz dlorlte - Fine- to medium-grained hornblende and (or) biotite quart, diorite, locally with diorite or tonalite; 
eqL1igr11nul11r !Ind non-foli11ted to gneissose; areas of the Chaval plulon are mylonitic. Includes part of the CordinQ/ 
Peakpluton (Cater and Crowder, 1967; Cater and Wright, 1967! andparioftheChava/p!uton (Bryant.1955). 

D!orlte - Fine- to medium-;vained hornblende (:t biotite) diorile: grndes to gabbro 11nd locally contains 
metadionte, dloritic gneiss, quart;: diorite , and tonalite: non-foUated to locally gneissose: locallv induLies mixed 
heWrogtl!neous rocks with a marbled appe!lrance, pluton margins locally contain hornblende schist and gneiss, 
hornblendite, and swarms of dikes and irregular masses of apllllc to pegmatilic tonalite. Includes the Lightning Creek 
stocks (Staatz ond others, 1971}, parl aftheEnfiatpluton (COier and Crowder, 1%7), and part ofihe Maunt Stuart 
bo/Jw/j/h undiuided. 

Gab bro - Motamorphos!m medium- to coarse.grained gab bro and hornblendite; Mount Stuart batholith locaUy 
contains diorite and minor hornblende metatonalire and ultramafite; Riddle l\,aks pluton locally contains 
hornblende-bearing anorthosite and quartz gabbro; locally displays cumulate laye,s with graded bedding. Conslsts of 
the R,dd!e Peoks pluton (Cater and Crowder.1967) and part of the Mount Stuart boihollth undivided. 

CRETACEOUS-JURASSIC 

Gii!.bbro-Near Ross lake (T38-39N R13E), consis1s of metamorphosed troctolite, gabbronorite, anorthosite. and 
p~·roxenire cumulates; intruded by medium· to coarse-grained gabbro: commonly mylonit ic and weakly layered; 
locally inclu.des marble and fine-gr;;,ined layers of calc-silkate gneiss, ga.rne,.plagioclase schist, hypersth.-:ne
plagiocl11se gneiss, and orthogneiss. At Point of the Arches (T32N Rl6W), consists of non-foliated to gneissose 
p~·ro~ene- and hornblende-bearing quartz diorite and gabbro; diorite con!aLns 1negularly sh,,ped masses of 
hornblende-rich pegmatite, alaskire, and qualiz veins. Includes the Skymocomplex {Wallace, 1976). 

JURASSIC 

Intrusive rocks, undivided - Heterogeneous complex of gabbro, diorite, trondhjemlte, granite, quartz d1or1te, 
and diabase; includes dad1e, andesite, and basalt; fine-grarned to pegmatitic; lacally cataclastic and rarely 
protomylotiitic; locally contains metamorphic aragonite. Consists of port of the Fido/go Complex. 

Tonallte - Met111norphosed tonalite with minor metagabbro: tonalite LS porphyroclastic or local]~· sheared into 
ca.tacl11siic chlori!e gn~iss; occurs as rectonic pods 11nd layers in m<?lilnge associated with disrupred mela·argillite, 
met;,chert , and greenstone. Consists of part of the Eastern melange belt undil/ided (Tabor and aihers, 1982), port of 
the Western me/on_ge belt (Tabor and others, I 982), and part of the H<!lena-Haystack melange (Tabor, 1994 }. 

Basic: (mafic:) Intrusive rock5 - Metamorphosed diabase, gabbm, and dionte; locally mglonitic; in the lngaUs 
Tectonic Complex, includes metamorphosed basalt. luff. and pillow breccia and minor si liceous argillite and chert; i11 
the Weslorn m<llange bell, indudes gneis..sic amphibollle, gabbro flaser gneiss, metamorphosed tonalite and quartz 
diorite , and hornblendite; in the Eastern melange belt , includes layered gabbroand inter layered cumul11te ultramafic 
rocks. Consists of the Esmeralda Pea/LS diabrue /MIiier, 1975) of th~ Ingalls Tectonic Complex, the Fourth Creek 
gab bro (Miller, 1975). theHowkmsFonnalian, part oftheEostem melange be[/ undivided (fobarand others. 1982), 
part of the Western m.i/onge he/! /Tabor ond athers, 1982/, and part of the Ingalls Tectonic Complex undiuided. 

Gabbro - Pyroxene and (or) hornblende metagabbro and ultramafic rocks; locally mylomtic or cataclastic: 1n the 
Fldalgo Complex and the Eastern melange belt, contains layered and cumulate rocks; near the Skykomish River, 
mdudes sma.ll slivers of metatonalite and gneissic amphibol1te: north of the Skagit River, includes serpentinite, 
pyroxenito, metadiorlte. and raro meta.quart,, d iorito . Consjs/.s of part of the Rda!go Complex, part of the 
Helena-Hoystock melange (fabor, 1994), part of the Euston Metamorphic Suite undiuided, and part of the Eas;em 
melange belt undlulded (Toborand or hers, 1982!. 

TRIASSIC 

Quartz dlorlte - Hornblende I± biotite) quartz diorite ton a lite, and metatonalite: locallg contains tona lite gneiss 
and pk1giocl;:ise /1;:,.ser gneiss Lntern>.yered with chlorite schist; minor meladiorire. diorite, and hombkmdite; relict 
textures locally preserved, locally mylonitic. Consist.s of tlw Mogic: Mountain Gne= and part of the Marb/emount 
pluton (Tabor ond others, 1989). 

MESOZOIC-PALEOZOIC 

lntrusiv,1 rocks - Calaclt>s!ically deformed, metamorphosed gab bro, diabase, and tonalite. 

PENNSYLVANIAN 

Intrusive rocks - Medium- to coarna-gr11ined pgro,:ene gabbro, homblende·biotite quartz diorite, and 
hornbknde-biome granodiorite; locally w,:,akly to moderately foliated. Includes part of the Trafton sequence ([\mner, 
1966). 

PRE-DEVONIAN 

Intrusive rocks -Gabbro, qualizdiorite, ton a lite, trondhjemire, diabase, and rare pyro,:en,te; metamorphosed to 
greenschist and amphiboli t« facies, local orthogneis.,; and metamorphosed basaltic to silicic dikes; wins of calcite, 
aragonite, and prehnite. Indud"" lhe Turlfoback Complex and port of the Yellow Aster Complex. 

MIXED METAMORPHIC AND IGNEOUS ROCKS 

• 
• 

CRETACEOUS-JURASSIC 

Mixed m~lamorphk and igneous rocks- Hornblende-bioti!I! lonaliW: locally cont;:iinspegmatite and bio!ite (± 
hornblende) schist and amphibolite. Consi.otts ()f the !()no/ite of Doe Mountain (R. A. Haugen.,d and R. W. T(l/::,o~ 
USGS, written com mun., 2000) of the Remmel batho/ith and the tonalite of Bob Creek /R. A. Haugernd and R. W: 
Tobar, USGS, written com mun., 2000). 

ULTRAMAFIC ROCKS 

PRE-TERTIARY 

Ultramalic rocks - Mostly pods, lenses, and exten,;ive t.?ctonira lly em placed bodies of dun,te, serpentinite. and 
partially serpentini2ed dunlte, peridotite, pyrooenite, talc schist, and hanbu,gile. Consists of the Twin S;.stersDunile, 
part of the Bell Puss m.§/ange undivided (Tabor and o!ners, in pre.ss b), pari of /he Jack Mountain Phy!!ite, and parl of 
theL!rtleJackunit (R.AHou_gerudandR. W Tabor, USGS, writ!En commun., 2000) 

JURASSIC 

Ultramafic: rocks- Serpentinile, perictotite, and dunite; localiy with layers of chramiW; metamorphosed lo talc-, 
tremolite-. or anthophyllite-bearlng rock near plutons and to siHca-carbonate mck near faults; oo:urs as mtlange 
matrix or ru; d ismembered blocks of ophiolite. Consists of part of the flda!go Complex, porl af the Helena---1-iaystack 
melange (Tabor, 1994), port of the Eastan Memmorphic Swtc undivided, part af the Ingol!s Tectonic Complex 
undivided, and port of the Wesiem m~/Qnge be/! (Tabor undo/hers, 1982). 
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METAMORPHIC ROCKS 

Greenschist and Blueschist Facies (Low-Grade Rocks) 

PRE-TERTIARY 

M.itasedimentary rock5 - Polymlctic metaconglomerate. loca~y interbedded with lithofeldspathic 
metasandstone and mota-argillih,; locally foliated and highly disrupted; contains the met111norphic minerals white 
mica, stitpnomelilne, pumpellyite, epidote, and chlmite; on Bald Mountain, also contains chert·p.,bble 
conglomerate. Cons/815 of the conglomerate of Bald Mountain (Misch, 1966) and the metaoonglomerate af Sumas 
Mountcrrn /Drago~ich and others, 1997b), 

Metasedimentu.ry and metavolc11nic rocks, ondi\11ded - Disrup,ed 11rgillile, slate, phyllite, sandstone, 
semischlst, ribbon chert, diorite, tonalite, siliclc gneiss, fine-grained epidoteamphibolite gnois,, micaceousqu!lrlzils!, 
11mphibole schist, and gr,1enstone, with tectonic blocks of igneous rocks, gneiss, schist, ultramafic rocks, and marble, 
Consists of part of lhE Bel} Poss mi!ange undivided (Brown and others, 1987: Tabor and others, 1994), part of the 
Vedder complex (Arm.slang ond ofhers, 1983), part of tlie Elbow Lake Formation, and part af the Yellow Aster 
Complex 

MESOZOIC 

Schist - Phyllitic mica schist to quartz mica phyl lite; north of lake Wenatchee (T28N R 16E), also contains graphite
chloriW-muscovite schist, hornblende-dinozoisite schist, and rare graphite-muscovite-quam schist and garnet 
amphibolite: in the northeastern Cascades. also cont;:iins biotite schist, loc11lly 11.•ith ribbon chert, amphibotire. 
greenschist, homblend<l-biorite schist, marble, hornfels, and pods of pyro~enite, talc-bearing peridotire, and 
serpentmite: east of Skykomish (T26N Rl2E), also contains 'll!mischist. Consists of the schist of Crook Mountain 
(Tabor ond others, 1987a), part of the Jock Mounrofn Phy/Jlte, part of the Tango Fomiarlon, part of ihe Litt!eJc,,:k unif 
(R.A. HaugerudandR. W Tabor, USGS, written com mun., 2000), andpartoftheE/i)ahRidgeSchist. 

CRETACEOUS 

Metaconglomerate - Mos~y lhick·bedded metaoonglomerat,i or oonglomer11Uc qu11Tizi-te: boulder to pebble clasis 
are mostly metachert: locally includes !eldspathlc metasandstone, minor meta~iltstone, and ,are fossilized wood 
debris, near Grarnte Creek (T35-37N R14-17E). rocks grilde to the amphibolite facies; quartzite is locally intercalated 
with kyanlhJ-staurolile·garnet schist and locally intruded by melatonalite. Consists of the metacon,glomerate of South 
Creek /Drogouicfl andoth.irs, 19970), Virginian Ridge Formation undivided, and part of the rocksaf Easy Fbss /R. A 
HaugerudandR W Tabor, USGS, writtencommun., 2000; Mi!lerondothers, 1994). 

Metasedimenta.-y and metavolcanlc rocks, undivided - Near the Twisp River (T34N Rl8-l9E), mos~y 
interbedded feldspathic sandstone, tuffaceous rocks, Dows, and porph~'Titic dikes and sills with minor chert-pebble 
conglomerate and breccja, all mciamorphosed to th~ greenschist facies; ne,;,r Granite Creek iT35-37N, R14-17E), 
consists of polym1ctic conglomerate, amphiholite, hornblende schist , siltstone, gabbm, mica (± garnet) ochist, and 
poiµhyritic mafic dikes. all melilmorphosed to the amphibo!ite fades; lov.:-grade and high·grade rocks mapped 
together to emphasize similarprololith composition and affinities with non-melarnarphic rocks olthe Methow block 
to the east. Consfats off/1e North C=k Volcanics, part of the rocks of Eosy Aw (R. A Haugeru,:J ond R. W Tobar, 
USGS, written commun., 2000; Miller ond others, J 994), part of the Winthrop Formotron undwid.id, port of the ENah 
Ridge Schist, and the p/agioc/ase porphyry of the Twisp River vol!ey /Dmgovich and others, 19970). 

CRETACEOUS-JURASSIC 

Metasedimenlii!.ry rocks - Thin-bedded feldspathic cherty metasandstone; locally contains phylhtic siltstone, 
metaoonglomerare, minor m<llachert, ram serpentinile and marble pods. ;;,nd concretions; commonly well-foliated 
and protomylomtic. Consists of part of the Goat ls/ond terrane (Whetten and otherB, 1988; Drogouich ond others, 
2000c). 

Marine metasedimenlaJY rocks - M<llamorphosed sandstone, argillite, mudstone, and conglomerate; locally 
contains semischist, phgllite, chert, limestone, vesicular pillowed greenstone, tuff, brecc1a, diabase, and gabbro: rare 
limg siltstone 11nd limestone near Mount Baker; mcks locally highly disrupted and contain exotic tectonic slices of 
ou~ying units. Consists of the Conslitulion Formation, part of the Lopez structural complex /Brandon, 1980), 
Nooksack Formation undivided, port of the l.umm1 Formation, and part of I.he Western melange be!t (Tabor and 
others, 1982a). 

Metac:hert - Chert and metachert, in part with shaly lnterbeds; bedding locally commted. Cons,st.s of part of the 
Western m~lange belt (Tabor and othen;, 1982a). 

Metavolcanic rocks - Locally phyH;tic. clinopyroxene·phyric greenstone derived from flows, pillows, and breccia; 
rocks of the Western m~lange belt contain metamorphosed diaba'll!, gabbro, quartz porphy,v dike,, mafic tuff. 
argillire, and vokanic·hthic sandstone; rocks on Goat Island IT33N R02E) locally contain minor pods of 
metamorphosed silica-carbonare rock and chert; 1he Lopez structural comple>< consists of non-foliated to strongly 
fo liated grEenstone tuff. locally tedonira.lly mixed with unit KJmm. lnc/udes part of the Western melcnge b€/i /Tabor 
ond others, 1982a), pari of the Goat Island terrane (Whetten and others, 1988}, and part af the Lopez structural 
comp!ex(Brondon, 1980). 

JURASSIC 

Marine metasedim,:,ntary rocks - Slate, meta-arg illite , phy ll itic argil lite, volranic·lithic melasandstone, 
semi5chistose sandstone, c1nd minor melachert; includes serpentinite; occurs as pods and layers in m~lange; weakly 
to moderately foliared with relict bedding locally preserved. Consists of part of the Heleno-Haµstack m,!lange (Tabor, 
1994). 

Meta-ill.rgl1llt<i! - Black meta-argillite; locally foliated: in rhe Ingalls Tectonic Complex, includes phyllite, 
metasandston.i, metaconglomerare, metamorphosed nows 11nd brecciilS, and minor metachert and mm-ble: locally 
cut by deformed and brocciated metadacire dikes. includes the D« Roux unil /Mi//erand others, 1993b), the Peshaslfn 
Formation, part of the Ingalls Tectonic Complex undiuided, and part of the East,,m melange be/! undiujded (Tabor and 
mhers, 1982a) . 

Phyllite - Strongly foliated graphite, muscovite. or sericite-quartz phyllite with abundant quartz veins or lenses; 
locally interlayered with catadastic sandstone, gmenschist, blueschist 0 1111d rare metaconglomeratE: contains minor 
calcareous phyllite, quartzose mica schist, and rare met1:1chert, met11tuff, magnesian schists, talc(± tremolite) ochists, 
and serpentinit~. Consists of the Darr!ngl<rn Phy/lite, the semischi.sl and phy/lile of Moun/ Jasepl,ine (Tobor and 
oih.i~, in press b} of the Eoston Meromorphic Suife, and fhe slate of Rinker Ridge (Tabor and others, In press a,b}. 

Greenschist - Alblle-epidote-011orile greenschist with blueschist, iron-manganese quartzite, and phyll i!E; relict 
igneous features include pillows, pillow breccia, and amygdules; bedding and foliaUon are parallel. Consists of the 
Shuk<;on Greenoch/st. 

• 

• 

• 
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Meta.sedimentill.ry and meta11okanic: rocks, undivided- Basaltic and gabbroicgreenslone, melacherl, meta
argilLite, metasandstone, and serpentinite with minor limestone, metadiabase, 11nd met11tufl; greenstone commonly 
non.foliated, pyro~ene.phyrk, and with pillow breccia. Consists of port of the Lummi Formation and part of the 
Heleno-HaystacK melange /Tabor, 1994). 

Metavolcanlc rocks- non-foliated to weakly foliated greenstone with less-abundant Intermediate-composition 
memvolcanic rocks 11nd r11re etmphiboU!I!; greenslone typically clinopyroxene--phyric; typically occu?s as disrupted 
slices in m~lange; north of the Skagit River, includes S<i!rpenUnite; south of the Skagit River, includes S€rpentinire, 
pyroxenite, ilnd minor greenschist, metamorphosed quartz diorite and silicic porphyry, and micaceous quartz
leldsparschisl; the Lookout Mountian unit of the Newby Group consists of metamorphosed rhyolitic, andesil::ic, and 
OOsaltic luff, tuff bracciet, nows, !Ind tuff11ceous sandstone, siltstone, and belemniW-bearing mruble. Includes the 
metoooJcanic unit of Deer Peak (Brown and others, 1987), the Lookout Mountain unit (R. A. Haugernd and R. W. 
Tabor, USGS, written commun., 2000) af rile Newby Group, part of the Helena-Haystack melange (TQbor, 1994), 
part of the Easton Metamorphic Suite undiuided. and part of the Ingalls Tectonic Complex undiuided. 

Meh1.volcanic rock!;,, dill.cite - lncipien~y recrysl;;,llized d;:icite to andesire fiows, luffs. and breccia with argillite 
1nterbeds; contains metamorphic pumpellyite, chlorite, epidote, albite, and rare aragonite. Consis/.5 of the We!ls 
Creek oo/canlc member /Misch, 1966) of the Nooksack formation. 

JURASSIC-TRIASSIC 

Marine metasedimenlary rocks -Metamorphosed tuffaceous siltstone, sandstone, and argillire: typically thin to 
medium bedded, finely laminated, or rhythmically interbedded. Includes p:1rt of the Cu/!us Formatian 

Met a.chert - Metamorphosed gray or white nbbon chert with minor m;;,rble; locally contains quartzite, 
metamorphosed argillito and pillow basalt. basaltic tuff, greenstone, phyllitic slate, and rare metamorphosed 
sandstone and conglomerate; commonly highly folded and locally chaotically disrupted. Conslsts af the Oroos 
Formation and part oftheErutem melange belt undivided (Tabor and otherE, 1982a) . 

Melasedlmi!ntary and met.avolcanic rocks, undivided - Clinopyro~en~·phyric gre«nstone, metadaciW, 
greenschist, greenstone breccia. quartzite, 111nphibolite, hornblende schist vo lcanic metasandstone, ch!!rl-rich 
metaconglomerate, muscoviie schist, marble, and tectonic pods or layers of u!tramafic rocks; original textures ~re 
largely obscured by penetrative deform11Uon, mefonge formation, and contact metamorphism by Tertiary plutons. 
Consists of the ~o!conk roclcsofWl,1tehorse Mounfoin (Tabor and olher,;, m press a) ond partoftheEa~tem mtilange 
belt undivided (fabor and orhers, Jn press a). 

Meta11olcanlc rocks - Light-green metadacite with microphyric plagtoclas.i. Includes port af ihe Cultus 
Formo/jon. 

JURASSIC-PERMIAN 

Melasedimeufocy and meta11olcanic rocks. undivided - Greenstone and metamorphosed luff. ribbon chert. 
chert, and limestone with minor meta.sandstone, .serpentinite, meta-argillite, and rare metaconglomerate: locally 
ilragonite·, crossite-, and lawsonile·bearing. Consists oflhe blueschlst of &ker Lake (Broom and other, 1967/ and 
part of th8 Elbow LQke Fomiation. 

JURASSIC-MISSISSIPPIAN 

Melasedim<l! ntary ill.nd metllvokanic: rocks, illldivided - Greenstone and banded chert with subordinate 
metamorphosed volc<1nic-lithic sandstone. argillite (locally phyllitic), and minor diabase, marble, and hmestone: 
highly sheared . Consists af port of the Trofton sequence (Danne~ 1966). 

JURASSIC-DEVONIAN 

Melasedimentary and metavolcanic: roc:b, undivided - Gre<lnslone and metamorphosed andesiW, 
sandstone, sil!Slone, argLilite, shale, and minor limestone. Consists of undivided Chi//iwack Group and Cullus 
Formation. 

TRIASSIC-PERMIAN 

Metavolcanic ,ocks - Metamorphosed pillow basalt, brecda. tuff brecda. mafic tuff, and chert; contains 
met;;,morphic aragonite. Consists of the Deodmon Bay Volcanics. 

PERMIAN-DEVONIAN 

Metasedimentary rocks - Ms!t~morphosed volcanic sandstone, siltstone, argi!lite, fossiliferous limestone and 
marble, conglomerate, tuff, and rare chert. Consls!:s of the sedimentary rocks oJMountHemian (Tabor and others, in 
press b) of the Chil/iwock Group and part of the Chil!iwaak Group undivided. 

Limestone and marble- Coarsely crystalline, grag lo black, petroliferou., limestone and marble; occurs in small 
pods and blocks: locally fossiliferous. Consists af part of the Chilliwack Group undivided. 

Metasedimentary and metavolcanlc roclt!I , undlvldEed - Metamorphosed, well-bedded argillite and vokanic 
s;:,.ndstone, b~sall to rhyolite breccia, tuff, and flows, and silicic hypabyssal rocks; local pebble conglomerate, 
limestone, gab bro, and rrue chert. Consist,; of theEost Saund Group and part of the Chi/JiwackGroup undiuided. 

Metavolcanic rocks - Metamorphooed basaltic, andesitic, dacitic, and ra1,1ly rhyolitic to rhgodacitic flows, luffs, 
and uolcanidasUc rocks; commonly clinopgroxene-phyric and locally pillowed, fiows are commonly massiw to 
weakly foliaWd; luffs and volcaniclastic rocks are variably foliated. Consists of part of the Chi/liwock Group undiu;ded, 
the uoJc,m,c ~ af Mount Herman (Tabar and mhers, in press b} af the Chil!iwack Group, and the metavolcanic 
rocks of North Peak (Ashf~an, 1979; Tabor and others, 2000). 

PRE-PERMIAN 

Schist - Well-foliated 111nphibolirn, gmenschist, blueschist, micaceous quartz!re (metach,1rt), mica.quartz (± 
garnet) schist, and rare marble. Consisrs of the Garrison Schist and part of the Vedder complex (Arm.strong and 
others, 1983). 

Amphibolite Facies and Higher (High-Grade Rocks) 

TERTIARY 

Paleocene 

Orthogneiss- Trondhjemiric biotite orthogneiss, weakly to strongly foliated with strong foliation and lineation neat 
il5 contc1ct with unit TKog. Consists a/the gneiss of War Creek (Adams, I 961 ; Miller, 1987; M!llerond Bowring, 1990). 

TERTIARY-CRETACEOUS 

Paleocene-Cretaceous orthogneiss - Biotite tonalite: gneissic to m11lonit1c and locally pegmiltitic. Consists of 
fhE orthogneiss nf Mount&nzarino (Miller, 1997) and the arthognMss af Gabriel Peak (Mioch, 1977}. 

Orthogn<liss - Heterogeneous hornblende and (or) biotite tonalite orthogneiss, trondhjemite orthogneiss, 
granodio1ite orthogneiso, and diorite orthogneiss; commonly migmatitic with fine-grained to pegmatik dikes and 
sills; locally contains remnant amphibolire and hornblende schist, quartzite . biolite schist, marble, calc-silicares. and 
ultmmafi~ rock. Includes the leucogneiss of Lake Juanita (Miller, 1987; Miller and Bowring, 1990), the orlhogneiss of 
Mount Triumph (Tobar and others, 1994), the orthogneiss of Stehekin (Drogouich and Norman, I995), the 
orihogneisses of Boulder Creek, Purple Creek, and Rainbow Mountain (Nicholson, 1991), the migmatiticorfhogneiss 
of M<;(;regor Mountain (Nidio!ron, 1991), and part of the Skagil Gneiss Complex undivided. 

Banded gneiss - Biotite ochisl. bio!ite parag:neiss, hornblend,1-biotite paragneiss, gneisso'll! hornblende-biotite 
tonalite, tonalite gneiss, amphibole gneiss, gnelSSic amphLbolite, and hornblend« 5chisl: strongly layered: typically 
contains migmatiUc sills and dikes ofleucolonalite, granite, and granodiorile; locally contains quartzite, calc-silicate 
rocks, and marble Consists of partoftheSkngit Gnefss Complex undJulded, part oftheNapeeq110 Schist, par/ of the 
Cascade River Schiswf Mioch (l 966), ond part of the Cascade Riuer Schist a/Tabor and others (In press a) . 

PRE-TERTIARY 

Orthognelss - Biotite, hornblende-biotite, and muscovite-biotite orthognels.~ with sphene; local ly contains garnet, 
cul by numerous light-colored tonalite dikes and sills: locat<W south2ast of Lake Wenatchee. Consists of port of !he 
NapeequoSchls~ 

Gn.iiss -LithologicaUy uniform, fine- to m«dium-grained biotite.qua.rtz-oligoclase ± gametgneiss: conlllinsminor 
amphibolite, hornblende schist, c,,ic-si licate schist, marble, and rare quart>.ite, schistose to non-foliated, granoblastic 
and locally strongly myloniUc: foliation folded on a small scale and locally swirled; intruded by sills and dike,i of 
trondhjemite, alaskirn, grani!E. pegmatite, and gneissose tonalite. Cansists of the Swakone Biotite Gneiss 

MESOZOIC 

Schisl and amphlbollte - Graphite-garnet-bioti1e-quartz schist with cord1erite. andalusite, staurolite. kyanite, 
and rnro sillim11nile: also con ta.ins schistose amphibolite, fine·gruined hornblende gneiss, hornblende-biotite schist, 
ca le-silicate schist, and marble; intruded by dikes and sills of biotite Iona lite and pegmalile; typically w, th multiple fold 
generations. Includes part of the Tonga Formarian and part of the C/Jiwaukum Schist. 

CRETACEOUS 

HelO!rogeneous metamorphic rocks - Lilyered amphibolite, rich in pegmatite and light-colored tonalit€ 
in1Iusion6; transition wne between the Chiwaukum Schist and theChaval plulon lnausive ,one; locally conlainssLils 
and dikes of mafic mEtadiortte and meta-quartz diorile of ihe Cha val pluton and country rock of the Chiwaukum 
Schist. Consists of part of the Chaw/ p/uton /Bryon/, 1955). 

Orthognelss - Numerous intenTiedi!lte metaplutonic units with local fl11ser. schlieren, non-foliilted, calaclastic, 
mylonitic, and migmmitic textures; also contains m,nor garnet schist, quari>:Lte, and amphibohte. /ndudes !he Marble 
Creek Orthogneiss, the Eldorado Drlhogneiss, the BeorcatRidgeplutons (Coler and Wright, 1967), the Sloon Creek 
pl utans (Crowder and others, 1966), theLeroyCreekp/uton (Cater, 1982!, theorthognelsses of/-lcy.1rnckCre<'.'lc and 
Alma Creek (Tnbor and others, in press b), the gneissic tona/ites of Pear Lake and Excelsior Mountain (fobor and 
others, 1993), the /igl,t.co/ored gnEiss of WEnat,;:hee Ridge (Van Di~er, 1964; Tobar and others, 1987a), part of the 
tonalitlc gneiss of Bench Lake (Tobar and others, in press a; Fluke, 1992), port of tl,e Sulpl,ur Mountain p/u!on 
{Crowder and others, 1966/, and part of the Nason Ridge MlgmoLJtic Gneiss. 

Band<i!d gneiss - BiotihJ and (or) hornblende tonalite to granodiorite gneiss or rarely quartz-chor11e gneLsS with 
dark-colored ley~rs of 11mphiboliw; locally schistose: layers include hornblende schist, biotite para gneiss, mica schist. 
and ultramafic rock.s with rare marble and talc-1mmolite rocks; Light-colored layeis are mostiy cryst;;,llob!astic to 
granoblastic with variable grain size; gneiss1c bands am cut by many irregul;:,.r pegmatite and aplite dikes of tonalilE to 
granodiorire composition. locally forming migmatite. Consists afparf of No.son Ridge Migmatitic Gneiss, the bonded 
gneiss of Wenatchee Ridge /Rosenberg, 1961), part of the Chiwaukum Schist, and part of rile lona/lt/c gneiss of Bench 
Lake /Tnbor anc/ others, in press a). 
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CRETACEOUS-JURASSIC 

H~terogeneouli chert-bearing metamorphic rocks - Hornblende and mica schists, amphibolite. and 
granofels; locally contains calc·sllicare wanofels. garnet biotite schist, quartzite, phyll1te, lonalim gneiss, metagabbro, 
metadionre, quartz dionte, and imbricaled metap.,ridotite and serpentinite: foliated and nan-foliated rocks with 
texture~ ranging from horn/els 11,ith relict prololith structure to gneissic 11mphibolite. Consisrs of part af the lnga/18 
Tectonic Comp!ex undiuided. 

Orthoguelss - Foliated and lineated ton a lite and granodiorite orU10gneiss. Consfsts of the lrondl,jetnite of Lamb 
Butte (Todd, 1995a,&; HurlowandNe!son, 1993! and Remmel bolholith undivided. 

JURASSIC 

Amphibolite - Garnet amphibolite and muscovite.quartz schist, barroisite schist, ultramafic rocks including 
serpentinite, and rare eclogite and associated greenschist. Consists of pmt of the He/ena-Hay,,·tc,,:k melange (Tabor. 
1994) and part of the Easton Metamorphic Suite undiuided. 

Migmatitic gneiss - Frne-gramed schistose amphibolire to medium- and coarse-grrnned qumtz diorite with 
layered hornblende gneiss, gneissose qwutz diorite, and trondhjemite; locally catadaslic; Jocally includes breccia and 
minor$erpentinwed ultra mafic rod<; maficand less-maf1c rocks am in ,ntimatdymumd layers. Consists of the Baring 
M!gmat/tes (Yeats, 1958a) and part of the Eastern m<!lange belt undivided /Tabor and others, 1982a). 

JURASSIC-PERMIAN 

He terogeneous chert-bearing metamorphic roc:ks- Layered hornblende and (or) biotite schist and gneiss, 
g~e1ssic or schistose amphibohte, hornblende-mica sch isl. garnet-biotite schist, mica-quartz schist, quartzite, sil iceou~ 
phyllite, greenschist, calc-silicate schist and gneiss, marble, and pods and \ayers of serpentinite, talc schist, 
metaperido!iie. metapyroxenite. and hornblendite: two or more fold or crenulation genera~ons locally common. 
Include,; parl ofth<! Napeequu Sd,ist, which indudcs. the Twiop Valley&h,st, the Rainbow Lake Schist, lhe roe/<;; of 
ihe Napeequa Riuer area (Cater ond Crowder, 1967/, Qnd part of the Cascade Ri1Jer Schist of Misch (1966), 

TRIASSIC 

H.ite1og1m<lous m<ltamorphic rocks - Strong!~ foliated schist and gneiss; varies from greenschist facies with 
relict textures s!Lll present to well -recri,•stalli,ed flmphibolite fades; metavolcanic rocks include groenschist, silicic 
metavolcanic rocks, hornblende (± biotite or quartz) gneiss or schist, amphibolite , and gneissic amph1bolirn: 
metasedimenta,v rocks indude graphite schist, phylhtic seridte schist. biotite and (or) muscovite schist. quartz
feldspar ( ± clinopyroxenel schist, ,:,pidote.garnet granofelsic gneiss, metaconglomerate, calcareous gneiss and schist, 
and marble; metasedimentary rocks locally contain garnet, staurolite , kyanile, and (or) sillimanite. Includes lhE 
youngergneisslc rocks of the Halden area (Cater and Crowder, 1967; Crnerand Wright, 1967), the Spider Mountain 
Schist, part a/the Cascade River Schist of Misch (1966) , andparioftheCascade RiuerSchist of Tabor and others (in 
pre.s.1 a). 

Orthogneiss - Hornblende tonalite gneiss fllld augen gneiss, quartz d iorite au gen gneiss, gneissose hornbl.ind«
quartz diorite, ilnd granodiarite gneiss; mostly equiwanular ,;,,ith local porphyroblasts; locally shearod to mylonite, 
locally oontaLns inclusions of homblendit« and other countr,,: racks. Consists of rhe Dumbe!I Mountain p/uton (Tabor 
ond others, 1989, in press o, b/, the orthogneiss a/The Needle (Haugerud and oiher.s, 1991, Tabarand others, in press 
b) a/the Skogil Gneiss Complex, part of lhcSkogit Gneiss Complex undfuided, and part of the Marblemountplutan 
(Taborandothers, 1989, !npressa,b). 

PRE-DEVONIAN 

Gneiss - Quartzose pyroxene gne,ss, gabbroic to grani ticorthogneiss, and rruegneissose meg!ICrystic gramte and 
marble; locally includes meta-quartz diorite. pyroxanite, gre.enstone, meta•andcsile, and minor u ltramafic ro~ks, 
locally intruded by metamorphosed gabbro, dinba'll!, and tonalite; forms fault-bounded m~lange fragments meters to 
kilometers wide; fabric oommonlg myloniric and recrystallized in upper gree,nschist fades to amphiboli1e fades 
ConslsLS of part of the Yeliow Aster Comp/ex. 
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Figure 4. Simplified geologic map of northwestern Washington showing major lithotectonic domains. The Puget Lowland {Fig. 2) is transected by northwest-, 
northeast-, and west-trending faults bounding thick sequ£nces of Pal€ocene to Miocene rocks. The Olympic subduction complex and peripheral rocks are exposed as a 
westward-verging accretionary thrust belt in the core of an east-plunging anti form (Tabor, 1975). Metamorphic rocks in the Ross Lake fa.ult rone (RLFZ) have protol iths 
characteristic of both the Methow block and the North Casc<Jdes Crystalline Core; melclmorphism is intermediate between the high-grade metamorphic rocks of the 
crystalline core and non-metamorphosed rocks of the Methow block. The Chelan block has mostly Tertiary upli ft or exhumation ages, wh ile the Wenatchee block has 
mostly Late Cretaceous upliftorexhumation ages. In the Northwest Cascades System (NCS} and the San Juan thrust system (&ITS), the Helena-Haystack melange and 
Adalgo Complex {see Sheet 1) probably occur as the structurally highest portion (Whetten and others, 1980b; Tabor, 1994). TheNanaimo Group (NG) forms an external 
un it to the NCS and SJTS (Brandon and others, 1988). The Nooksack Formation (see Sheet 1 ), including the WeUs Creek Volcanics of Misch (1966}(Nooksack terrane of 
Tabor and others, 1994), forms the autochthon upon which the NorthWE'sl Cascades System was tectonically emplaced during the Cretaceous. The De Roux unit 
(formerly part of the lngaUs Tectonic Complex) is probably a tectonic sliver of the Western melange belt imbricated onto the Ingalls Tectonic Complex (Mi ller and others, 
1993b). The Eastern and Western melange belts of Frizzell and others (1984), including the Trafton sequence of Danner (1966), may have been thrust over Nonhwest 
Cascades System in the Cretaceous to earliest Tertiary (Tabor, 1994). 

EXPLANATION (Figs. 4 and 5) 
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North Cascades Cryscamne Core (Tabor and others. 1987b. 1989): 
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- Wenatchee block 
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San Juan thrust system (Brandon and others. 1988; 
Whetl<'ll and others, 1978) 
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Figure 5. Map showing the major batholiths and plutons of the North Cascades region. See Figure 4 for the names of the lithoteclonic domains not shown here. CCB, Chilliwack 
composite batholith; CPD, Cascade Passdike; MS B, MountStuartbatholith 
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Figure 6. A. Pressure and temperature (P-T) metamorphic 
facies d iagram showing the !J€neral P-T regimes of low-grade 
and high-grade metamorphic rocks as subdivided in the 
Descriptions of Map Units on Sheet 2. Prehnite-pumpeUyite, 
zeolite, and hornfe\s fades rocks are classified as non-meta
morph ic in the Descriptions of Map Units. Transitional facies 
rocks are prehnite-pumpe\lyite facies with locally preserved 
metamorphic aragonite suggestive of P-T conditions trarn;-
itional to blueschist. 8 . Metamorphic facies map of north
western Washington. \rVh ite areas indicate non-metamorphic 
rocks and surficial deposits. Purple star highlights a small area 
of eclog ite. Map a nd P-T diagram modi fied from a meta
morphic facies compilation map provided by E. H. Brown 
(Western Wash. Univ., retired, written commun., 2001). Meta
morphicgrade, facies, and index minera l information compiled 
from Armstrong and Misch (1987), Armstrong and others 
(1983), Blake and others (2000), Brandon and Calderwood 
(1990), Brandon and others (1988), Brown (1974, 1988), 
Brown and others (1981, 1982), Brown and Walker (1993). 
Evans and Berti (1986), Glassleyand other.; (1976), Haugerud 
(1985), MHler (1980), Miller and others (1993), Misch (1966), 
Stewart (1974 ), Tabor and Cady (1978a), Tabor and others (in 
press a), and Vance (1%8). Unpublished da ta for the Rda lgo 
Complex provided by J. D. Dragovich; unpublished data for 
the Olympic Mountains provided by R. S. Babcock (Western 
Wash. Univ., oral commun., 2001). 
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