(1 Trhy Penr )
280me

—

\

WASHINGTON STATE DEPARTMENT OF NATURAL RESOURCES
WASHINGTON GEOLOGICAL SURVEY
Casey R. Hanell—State Geologist

WASHINGTON STATE DEPT OF

NATURAL
RESOURCES

WASHINGTON
GEOLOGICAL SURVEY

hitp:/Avww.dnr.wa,govigeology
hitp:/inww. dnr.wa. gov/geologyportal

GEOLOGIC MAP OF WASHINGTON

; M8 CANADA

Detachment fault—blocks
on upper plate

Fault e Strike-slip fault—arrows show
40 miles relative movement
50 kilometers S Thrust fault. fteeth 3 Anticline—dotted where
on upper plate concealed

GEOLOGIC UNITS

Unconsolidated Deposits

Quaternary sediments, dominantly
nonglacial; includes alluvium and
volcaniclastic, glacial outburst flood,
eolian, landslide, and coastal deposits

Quaternary sediments, dominantly

glacial drift; includes alluvium

Sedimentary Rocks
Upper Tertiary (Pliocene~Miocene)

Lower Tertiary (Oligocene-Paleocene)
Mesozoic

Mesozoic—Paleozoic

Paleozoic

Precambrian

c Rocks
Quaternary
Quaternary—Pliocene
Upper Tertiary (Pliocene~Miocene)
Columbia River Basalt Group
Lower Tertiary (Oligocene-Paleocene)

Mesozoic

Pre-Cretaceous
Paleozoic

Precambrian

- Ultramafic rocks

Note: Some pre-Tertiary sedimentary and
volcanic rock units include low-grade
metamorphic rocks. Ages assigned to
metamorphic rocks are protolith ages.



THE GEOLOGY OF WASHINGTON STATE

Washington consists of a diverse collection of rocks that tells an amazing geologic history. The deepest rock in
Washington, called “basement”, consists mostly of terranes accreted to North America over the last 200 million
years. These basement terranes are overlain by a variety of sedimentary and volcanic rocks that add detail to the
history.

At the eastern edge of Washington State are exposures of Paleozoic North America. These rocks are overlain
by metamorphosed sedimentary rocks dated around 1.46 biilion years ago (unit pCm). These are the oldest
rocks that have surface exposures in the state. Overlying the oldest rocks are metamorphosed sedimentary and
volcanic rocks, dated around 700 million years (unit pCs).

For much of the Paleozoic (540 to 250 million years ago), the western coast of North America was tectonically
inactive and bordered an ancient ocean. Some Paleozoic rocks in northeast Washington, including quartzite and
conglomerate {unit Bs), indicate river, coastal, and ocean environments.

By 250 million years ago, the first of several subduction zones formed along the western edge of Washington.

The onset of subduction brought the first of what would be many arrivals of exotic terranes. The first accreted
terrane included a collection of already accreted volcanic islands, collectively known as the intermontane
Superterrane. The collision of this terrane around 170 million years ago caused metamorphism and
magmatism throughout the region.

Following the arrival of the first
superterrane, the western edge of
Washington hosted the
prehistoric ocean, the
Methow ocean.

Marine sand and mud
built upon the ocean
floor (unit Mes), later to
be thrust eastward with
the arrival of another
accreted terrane.

The complex patchwork
that is the Insular
Superterrane e
arrived throughout the 2
Mesozoic, between

250 and 60 million

years ago. Intermittent
volcanic arcs contributed
plutons that intruded the
accreted terranes during this
time. .
Columbia River Basalts

Missoula Flood deposits

—— Terrane boundary

Tectonic rearrangement beginning .| Poorly understood basement rock
around 60 million years ago

exerted a northward push that

created extensive north—south strike-slip faulting through the middle of the North Cascades. Right-lateral motion
along these faults, notably the Straight Creek fault, resulted in approximately 90 km of displacement. At the
same time, extension created and exposed metamorphic core complexes in the Okanogan Highlands (unit pTm)
and the metamorphic and intrusive igneous rocks of the North Cascades terranes (unit pKm). About 50 million
years ago, the final major addition to Washington had arrived. The Siletz-Crescent terrane (unit ITv) was an
exceptionally large chunk of basaltic islands and ocean floor. When it collided with North America, subduction
temporarily ceased.

h €

By 40 million years ago, subduction resumed west of Siletzia, resulting in another volcanic arc and uplifting rocks
of the Cascade Range. By 17 million years ago, the Yellowstone Hot Spot caused the eruption of the Columbia
River Basalt Group, the youngest continental flood basalt eruption on Earth. These eruptions ended by 6 million
years ago, and they covered vast areas of southeastern Washington, Oregon, and Idaho (unit uTvc). During
these eruptions, continental rifting in the Basin and Range and northward drift of much of California caused
clockwise rotation and deformation of the Pacific Northwest, creating the Yakima fold and thrust belt. Rotation
about a pole near the northeast corner of Oregon is still ongoing.

This rotation likely contributed to the onset of the modern Cascade arc ~10 million years ago. Volcanism and
uplift of the mountain range introduced stratovolcanoes that are still active today (unit Qv). The mostly basaltic
Boring Volcanic Field was also active beginning about 2.7 million years ago.

Pleistocene cooling brought broad continental ice sheets across the northern half of the state (unit Qg).
Repeated glacial advances and retreats carved the modern landscape, including the Puget Sound and surrounding
lowlands. Massive glacial lakes were dammed by ice and episodically breached during this time, releasing the
enormous Missoula Floods that spread across eastern Washington to the western coast, traversing the Columbia
River.

Washington Department of Natural Resources—WA Geological Survey
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269 Chapter 8 Measuring Geological Time

Table 8.1 The characterisiics of the four iypes of unconformities

Descrint

Type S

Nonconformity A boundary between non-sedimentary rocks (below) and sedimentary rocks (above)

Angular A boundary between two sequences of sedimentary rocks where the underlying ones have
. been tilted (or folded) and eroded prior to the deposition of the younger ones (as in Figure

unconformity 8.2.4)

Disconforas A boundary between two sequences of sedimentary rocks where the underlying ones have

vy been eroded (but not tilted) prior to the deposition of the younger ones (as in Figure 8.2.2)
Paraconformity A time gap in a sequence of sedimentary rocks that does not show up as an angular

unconformity or a disconformity

Nonconformi
T ity

Angular unconformity

ilted and diptenta ck
SRRy e S ////é

d

Pa{raconformity
\ Sedimentary rock from time Y =

Figure 825 The four types of unconformities: {a) a nonconformity between older non-sedimentary rock and
sedimentary rocK, {b) an anguiar unconformity, (c) a disconformity berween layers of sedimentary rock, where the
older rock has been eroded but not tilted, and (d) a paraconformity where there is a long period (typically millions of
Yyears) of non-deposition between two paraliel layers.

 Erodedsedimentaryrock

Media Attributions

* Figures 8.2.1ab, 8.2.2, 8.2.3, 8.2.4, 8.2.5: © Steven Earle. CC BY.



Lab 6: Metamorphic Rocks

Texture

Composition

Characteristics

Protolith

Metamorphic
Rock Name

Foliated
Increasing Temperature & Pressure

Mineral Alignment

Banding

Clay Minerals

Very fine-grained rock,
tends to split in parallel
fragments (known as
slaty cleavage).

Shale

Slate

Fine-grained rock with a
shiny surface from
microscopic mica
crystals. Similar to shale,
but with a satin luster
and may have wrinkled
cleavage.

Shale

Mica
Quartz
Feldspar

Amphibole
Garnet

Contains visible, shiny,
platy mica crystals; may
have other minerals,
such as quartz, garnet
and amphibole. Has
schistose pattern of
foliation.

Shale

Pyroxene

Contains alternating
bands of light- and
dark-colored minerals,
called gneissic banding

Shale or
Igneous
Rock

Non-foliated

Quartz

Equigranular grains of
quartz, which has a
hardness of 7.

Sandstone
or Siltsone

it

Calcite and/or
Dolomite

Equigranular grains
of calcite, which
has a hardness of 3.
Reacts with HCl.

Limestone

Marble

Various minerals
in clasts and
matrix

Coarse-grained rock
wherein pebbles may
be distorted or
streched.

Conglomerate

10



Translucent
pale colors

v

Fused
quartz
grains

{Granular)

Mon-Foliated

Dense,

compact
conchoidal
~ fracture

P QUARTZITE

3 HORNFELS

Schistose; quart?,

feldspar/fmica
completely
intermixed

>

Banded into light
(gt idsgan

Gamet, staurglite |
kyanite,
sitlimanite
may be present

SCHIST

.....

.............................................................

GNEISS

Gray, black, green

red; cull luster;
often rings
when struck

Slatey cleavage

into smooth
flat sheets

Green;
shiny luster;
crystals may

be visible

Slatey cleavage
o weak

powdering

schistosity;?

may be folded

..............................................

- -

Must be
powdered
to react

Limestone
MARBLE

Dolomitic

MARBLE

1 (Shale), slate, and phyllite complete intergrade with sach other. Distinctions may be ditficult
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Pressure (kilobars)

Shale

0= — 0
L Andalusite, Biotit¢, Orthoclasei"Quartz%"
*
Chlorite, ”
2 - . - 10
Muscovite, * . ‘
Plagioclase,” )~ Gamet, Biotite,”
Quartz v Biotite, Orthoclase,*
4 Muscovite# ¢ Quartz
____________ Quartzx _ 50
Amphibole, !
Chlorite, ! L
& o Quartz, * / Initiation
Muscovite , of Partial
§ Melting . 30
¢J Conditions not !
found in the |
earth I
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Sl

Inorganic Clastic Sedimentary Rocks

Texture Grain size Composition Comments Rock name
Pebbles, cobbles
: ’ Rounded fra ts Conglomerate
and/or boulders Mostly quartz, <ehg a,dq?"ﬁ?mm .
o in @ matrix of sand, | fe|dspar, and ,
o g silt and/or clay A R Angular fragments Breccia
RO . ¢ _
E g Sand may contain Flng to coarse in a Sandstone
0P (0.063 to 2 mm) fragments of variety of colors
& Silt other rocks Very fine grained, Siltstone
(0.039 to 0.063 mm) | and minerals massive, usually dark
Clay Compact, brittle, Shale

(<0.0039 mm)

usually dark

Chemically and/or

Texture Grain size Composition Comments Rock name
Cinth =
Quartz o1 | Chert
?:’ Fine . .
= to Halite Chemical Rock salt
% coarse precipitates and
S" grains Gypsum evaporites Rock gypsum
Carhyg (Cd 3,
Dolomite Dolostone*
Crygtalline. Microscopic to Calcite Biologic precipitates or EI;'\I: s)té:n -
or bioclastic| very coarse Cee CO4 cemented shell fragments | = ~C on <)
. . Clay Black, compacted
Carbon ) ; Coal
Bioclastic | (< 0.0039 mm) plant remains (j sn /)
Bioclastic | =Y Clay and kerogen | D2 may have oily | oy opoje

(< 0.0039 mm)

smell or burn ( 3<a)

Other types of sandtone are arkose and graywacke. Varieties of limestone include chalk, coquina, micrite, travertine,
oolite, tufa,and fossiliferous limestone.
* These react with dilute acid.

(clort)

T4 XIONAddV

S0y Areuownpas ¢ qe]



Lab 5: Sedimentary Rocks

Classification of igneous rocks.

Proportions of

fight and dark Al T . e ad
- »
minerals - .« & TR LT e W
-~ e % ® o ¥
AN e _ e L. e
- N L
Felsic Intermediate
k¥4
¢ 80
§
> 1
>
£
-2
=
£
g
5
o
@
8
€
©
v
£
S
o i

5¢ 4 40

Percentage of silica by weight

t mirerals, and selert the rock narme bazed

(b) Choose acolumnbased on the abundance

Siica (510.) content ; m“m>§ i Low silica content
Pegmanuc | Granitic pegmatite L Maficpegmatite

: G e s
Dunite {ohvine only}
Coarse-grained ; = Pyroxenite {(pyroxene)
phaneritic} Granite i Dicrne Gabbro Peridotte
. - poon ot R {olivine + pyroxene)
& prained
g Rhyol Andesite
- i s o ey S_— T —— e — - — —
b Porphyritic Porphyritic dionte
- ? . sl St . Rocks with these
of i ot or
. : textures o
Porphyritic rhyolite Porphyritic andesite Porphyritic basah = sond
S o O LA et Bt SUESIISSCE NS i, oL i et S NS chri F_,.-.,,__.._H.k...‘..,,., s E At compuositions are
Chbsidian i Tachylte very rave
Pumice i Scorna/Vesicular basalt
_Bhyoltewtt | Andestte tuff L Basalvreff

Volcanic breccia

Appendix B-1 Igneous Rock Identification Chart
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Rock X

100
~20%
Quartz
H 80
~20Y "
20% g
Potassium ;B2 50
feldspar el 5
I 5 A z.
=
~40% Sodic g 40
plagioclase 2
predominant &
— 20}
<10% Biotite [~
<15%
Amphibole | |

Phaneritic rock
Aphanitic rock

Composition type

Granite

Rock X
Quartz o = { ////;f;:__
uar! 5 gl
— .
,,,,, / B
e e o
- A | e o/
o Plagiocl: i
A agioclase i
v o™ | \G o /
Potassium // /Y“ Cl Hd}m /Pyroxuu,
feldspar /’/ / /
¢ Ot:iz (3'// Biotite "/”!’/’ 7 : . i
el % T Y /
Muscowte ..... Tl o
P L Amphibole e
Granite Diorite Gabbro Peridotite
Rhyolite 0 forR Andesite Basalt Komatiite
Felsic Intermediate Mafic Ultramafic

~ Increasing silica content

Increasing potassium (K) and sodium (Na)

Increasing calcium (Ca), iron (Fe), and magnesium (Mg)

Diorite

Gabbro

Copyright © 2007 Pearson Prentice Hall, Inc.

Peridotite



4/26/25, 11:55 AM 3.4 Classification of Igneous Rock — Physical Geology — 2nd Edition

FELSIC INTERMEDIATE MAFIC ULTRAMAFIC

— Biotite and/or Amphibole

Undesqne
80 — Albite

Ne,

— : Pyroxene

D
<}
1

Plagioclase

Mineral per cent
w
o
|

0\\ kale =
104 K-feldspar

0 e ’

Lo, . Grante (12) Diorte i  Gabbo | Peridotite |

B i Rhyolite o) (17 Andesite( /9 | Basalt < 57 ) wps—— |
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4/27125, 3:29 PM Bowen-reaction2.png (1017x510)

Bowen’s Reaction Series

Plagioclase
(Gabbro/Basait)
Intermediate
(Diorite/Andesite)
Potassium feldspar
Muscovite Felsic
(Granite/Rhyolite)
Quartz.
_SﬂL ;".n_.. P;:':‘; ‘ 47=: me ]_t- //,"( mj ‘ - - -
e l+ yo?sm;/r mMéve )6 el (e s
: A 2% |, €8 h 1 )4 Therv

https://opentextbc.ca/physicalgeologyearle/wp-content/uploads/sites/145/2016/06/Bowen-reaction2.png
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| Talile 72  Relative Stabilitiés of Comman
Minerals Under Weathering

CRS———

Relative stabilities

Stability of Minerals

MOST STABLLE

Iron oxides thematite )
Alummum hydroxides (gibbsite)
Quirtz

Clay minerals

Muscovite mica

Potassium feldspar torthoclase)
Biotite muca

Sodium-rich feldspar (albite)
Amphiboles

Pyroxene

Calcwume-nich feldspar (anorthite)
Ohivine

Calcite

Halite

LEAST STABLE

Rate of Weathering

Slowest

Fastest

Important factors
-Chemical stability
-Solubility

-Rate of dissolution

Note that the rate of weathering of
silicate minerals (stability of a mineral
at the earth surface conditions) is
inversely related to the temperature at
which it forms (i.e., olivine is the least
stable and quartz is the most stable)

Where do iron oxides and aluminum
hydroxides form?



ster &
Color

Appendix A-3. Dark Colored Non-metallic Mineral Identification Chart

Non-Metallic
Dark Colored

COImmon

Relative Specific .
Hardness Cleavage Color : Other Properties Name
Hardness s Gravity o
( SHren k
" 9.0 No brown (variable) 4.0 six-sided prismatic crystals CORUNDUM I
Harder vitreous to dull luster; prismatic to cross-
s t 7.0 Yes-d brown 38 obiiod ciatsls STAUROLITE mn
\'E 7.0 No red or brown 3.5-43 twelve-sided crystals common; vitreous luster GARNET j M
; vitreous luster; conchoidal fracture; massive - N
79 o varishle e but also occurs as 6-sided crystals QUARTZ TS \
% 6.5-7.0 No olive green 3.3-44 vitreous luster; granular OLIVINE I 'j:-
) : o, e v . /
6.0 Yes grey o white 262g Vitreous luster; 2 cleavages at 90°, striations PLAGIOCLASE T g ¥
common on cleavage faces -
\ * 5.0-6.0 Yes-d  dark green to black 3.3 vitreous to dull luster; 2 poor cleavages at 90° PYROXENE j T
Similar to J vitreous luster; splintery appearance; 2 perfect /
i 1 5.0-6.0 Yes  dark greentoblack 3.3 o by b (90 e 6 AMPHIBOLE | T mv
reddish-brown to ) ] )
5.0-6.0 No black 50 red-brown streak; dull luster; massive HEMATITE
\ (/ron om)
r 5.0 Yes-d &% :Ii::{(n’ e, 32 vitreous luster; six-sided crystals common APATITE r o
35-40  Yes-d grass green 4.0 ocours as surface coatings, masses, or tiny MALACHITE
crystals; green streak
Softer vitreous luster; perfect cleavage in 1 direction,
o Gl L 2530 Yes brown toblack ~ 2.8-3.0 e B BIOTITE T<Lm
2025  Yes-d darkorlightgreen 2629  fiexiblecrystal flakes; crystal aggregates CHLORITE ™m

Note: Yes-d means cleavage is present but may be difficult to see.

/ri/!);-“_:v:‘ // )



Appendix A-2. Light Colored Non-metallic Mineral Identification Chart

Luster & Relative fic ;
Colo Hardpess Hardness Cleavage Color Gravi Other Properties Name
by 2 < = 7 =
J
7.0 Yes-d pistachio green  3.3-3.6 surface coatings, or massive EPIDOTE J
Harder than
L Glass ok v
; vitreous luster; conchoidal fracture; massive
=& - ¥iiktle id but also occurs as 6-sided crystals QUARTS ~ S ™
pinkish-orange ; - » ORTHOCLASE
4 6.0 Yes Gonrinbie) 2.5 vitreous luster; banding; 2 cleavages at 90 (Potassium Feldspar) I S ™M
Similar to : vitreous luster; 2 cleavages at 90°; siriations PLAGIOCLASE | 1 O
, Glass p 60 e white to gray FELR common on cleavage faces (Na & Ca Feldspar)
[‘ 5.0-7.0 Yes-d bluish-gray 35 vitreous luster; blade shaped crystals KYANITE I EA
A 3.5 Yes Uk =g¥<y 2.8 rColks w. BCl DoLom \ TF CAMgCD3
Non-Metallic clear, purple, vitreous luster; 4 perfect cleavages forming
Light Coloeed A‘ 40 Y0 o lwtyaable) octahedrons FLUBRITE
white to clear reacts with HCI, rhombic cleavage; 3 perfect C
|b &l e (variable) 2 cleavages not at 90° TALEELE S Calsy
clear to milky o » ’ D
h 25 Yes white 2.2 3perfect cleavages at 90° (cubes); salty taste ( Hékl"l_if\ S
I - -
2025  Yesd  whitetotan 25  ouitloe, 1"’“"“;3;:;’“—‘/ et it KAOLINITE 5
Softer than f 3, clear to light vitreous luster; perfect cleavage in 1 -
Glass 2Ras T yellow 2280 dir.;forms flexible, transparent, thin sheets MUSCOVITE I— 5 m
5 clear, white, yellow vitreous to pearly luster; brittle flakes;
\ﬁ - v (variable) = perfect cleavage in 1 direction TN S
%.5-2.5 No vellow 2.0 vellow streak; distinctive sulfurous odor SULFUR I
& 1.0 Yes-d ilzl};l:rf'r::}?it? 2.7 pearly luster; greasy feel TALC s
Note: Yes-d means cleavage is present but may be difficult to see.
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Luster

Appendix A-1

Metallic Mineral Identification Chart

Streak Hardness Cleavage Color Specific Other Properties Name
Gravity
j‘ 6.0-6.5 No brass yellow 5.0 cubic crystals (with striations) common PYRITE |
/ 6.0 No daﬂ;]i:l‘(y w s strongly magnetic MAGNETITE
Darlggcr;y to‘.__ﬁ 3.5-40 No golden yellow 42 may tarnish to bronze or purple; massive CHALCOPYRITE
2.5 Yes silvery gray 7.5 perfect cubic cleavage (3 planes at 90°) GALENA ]
¥ 10 Yes-d  gray to black 2.5 marks paper and fingers; greasy feel GRAPHITE |
Ly 5065 No Slerlomayle g, may be tiny glittering flakes HEMATITE
Ye.llow- ___* 3.5.40 Yes-d yellow-brown to 40 submetallic to resinous luster; 6 cleavage SPHALFERITE
Brown dark brown planes
Copper ——’t 2530 No Comperiodak g malloable NATIVE COPPER

Note: Yes-d means cleavage is present but may be difficult to see



