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New geological and geophysical investigations of the Colockum Pass SW and Naneum Canyon
quadrangles characterize geologic structures and the basin architecture of northeastern Kittitas
Valley. New 1:24,000-scale mapping identifies oblique-slip and reverse faults, fault-related
anticlines, and long monoclines. Strain transfer between west-striking and northwest-striking faults
occurred—or is occurring—near a bend in the range front. Forward modeling of gravity and
aeromagnetic data constrains our interpretations of fault and fold geometries, identifies a blind,
pipe-like mafic intrusion, and suggests relict, blind, transtensional sub-basins containing—and
concealed by—Miocene bedrock.

Our mapping refines bedrock and surficial stratigraphy near the northern extent of the Miocene
Columbia River Basalt Group (CRBG). Whole rock geochemistry identifies the Mount Horrible,
Wapshilla Ridge, Grouse Creek, Ortley, and Sentinel Bluffs members of the Grande Ronde Basalt
(GRB of CRBG) and the overlying Frenchman Springs and Priest Rapids members of the Wanapum
Basalt. The Ortley member is a locally invasive flow containing peperitic hyaloclastite. The
Coleman and Vantage members of the sedimentary Ellensburg Formation are interbedded in the
CRBG, where unconformities exist between the Vantage member, the Wanapum Basalt, and the
upper Ellensburg Formation. Three new detrital zircon U-Pb analyses identify the maximum
depositional ages (MDA) of these sedimentary members. With these MDAs, we calculate a
minimum tilting rate in the Boylston Mountains of approximately 1 degree per million years
recorded in Miocene bedrock.

Lidar elucidates alluvial fans, landslides, and fault escarpments. The Coleman member and
other interbeds exhibit areas prone to landslides at the surface and suggest zones of potential

LIST OF MAP UNITS

Holocene to Pliocene Nonglacial Deposits

Artificial fill (Holocene)—Rubble of introduced material; cobbles, pebbles, sand, and
boulders; poorly sorted and unconsolidated; used for home sites and other infrastructure.

Modified land (Holocene)—Rubble of local material; sand- and boulder-sized local
material is redistributed to modify topography and form graded landscapes for industrial,
agricultural, and residential zones, including but not limited to gravel pits, rock quarries,
and home sites.

Peat (Holocene to Pliocene)—Peat deposits and ephemeral water bodies; organic and
organic-rich sediment; includes peat, gyttja, muck, silt, and clay; typically in closed
depressions; mapped in wetland areas and flat-bottomed depressions.

Landslide deposits (Holocene to Pliocene)—Clastic aggregate; medium brown,
weathering is typically mild; generally loose, jumbled, and poorly consolidated; clay- to
boulder-sized clasts; angular to subrounded; unsorted, matrix-supported; unstratified and
structureless rubble of sand, silt, clay, cobbles, pebbles, boulders, and diamicton of basalt
and sandstone; deposit thicknesses are less than 100 ft and typically less than 50 ft.
Mapped as unit QIso where deposits are identified as having smoother, muted landform
morphology when viewed using hillshades of bare earth lidar.

Holocene to Pliocene Alluvial Deposits

Alluvium (Holocene)—Stream channel deposits on active flood plain; unit is narrowly
distributed throughout the lowest elevations of the map area and common in the channels
of Wilson, Naneum, Coleman, and Cooke creeks.

Intermediate-aged alluvium (Holocene to Pleistocene)—Stream flood (overbank) and
old channel deposits near active flood plain; surfaces of unit Qia are slightly elevated
relative to surfaces of unit Qa. Unit Qia is sometimes indistinguishable from alluvial fan
unit Qafq based on lithology, but tends to be found in closer proximity to unit Qa and at
lower elevations than unit Qaf1.

Alluvial fan deposits (Holocene to Pleistocene)—Alluvial fan and unconsolidated to
poorly consolidated debris flow deposits, undivided sand and gravel; generally brown;
not compacted; silt- to boulder-sized clasts; angular to subrounded; unsorted; clast
composition depends on the composition of bedrock from which the unit is derived but is
generally basalt; unit thickness varies with age, where older units are generally thicker
but usually less than 50 ft. Unit is numbered from 1 (lowest and youngest) to 4 (highest
and oldest) based on relative elevation above the modern stream level and differences in
surface morphologies, weathering-rind thickness, amount of capping loess, and degree of
caliche development.

Oldest alluvium (Pleistocene to Pliocene)—Basaltic gravel and sand; yellowish light
brown to dark brown, moderately to strongly weathered with weathering rinds greater
than 1 mm and up to a few centimeters thick; moderately compacted; cobbles and
pebbles; well-rounded to rounded; moderately to well-sorted, clast-supported and mostly
basalt. Unit is highly elevated above other alluvial fan deposits, and thinly drapes over
Grande Ronde Basalt (GRB) bedrock near the range front. Loess is extremely pervasive
on these surfaces and silicic caliche is common. Unit is contemporaneous with or
younger than the Thorp Gravel; similar in appearance to units Qaf4 and Mce.

Tertiary Sedimentary and Volcanic Bedrock

SEDIMENTARY ROCKS OF THE ELLENSBURG FORMATION

Ellensburg Formation, undivided (Miocene)—Volcaniclastic to lacustrine or fluvial
sedimentary bedrock underlying, intercalated with, and overlying rocks of the Columbia
River Basalt Group (CRBG); light to medium brown to light to medium gray; mildly to
strongly weathered; moderately to well-indurated; medium-grained; subangular to
subrounded; well- to moderately sorted; grain supported; unit is generally less than 300 ft
thick; commonly identified where vegetation preferentially grows from sedimentary soils
with higher permeability rather than basalt; silicic caliche is common; unit
unconformably overlies the Wanapum Basalt; new U-Pb analysis of detrital zircons for
post-Wanapum deposits of Ellensburg Formation yields an MDA <5.76 +0.36 Ma (age
site GDO03). Locally subdivided into:

Vantage member of the Ellensburg Formation (Miocene)—Pumiceous
sandstone; light brownish gray, moderately to strongly weathered; mildly to
moderately indurated, mildly cemented; relative proportions of subangular
grains are greater than angular grains; fine- to medium-grained; poorly sorted,
matrix-supported; pumice fragments are common, easily visible, and
characteristic for this unit; unit is more than 100 ft thick. The unit is overlain
by the Priest Rapids member of the Wanapum basalt (unit Mvyp). New U-Pb
analysis of detrital zircons yields an MDA <14.77 +0.38 Ma (age site GDO02).

Coleman member of the Ellensburg Formation, undivided (Miocene)—
Sandstone and siltstone underlying the Sentinel Bluffs Member (unit
Mvgsmc) and overlying the Ortley member (unit Mvgo). Less than 200 ft
thick. Hyaloclastite—without or with siltstone—irregularly underlies the
Coleman member. Landslides are common downslope of exposures. New
U-Pb analysis of detrital zircons yields an MDA <15.33 £0.35 Ma (age site
GDO1). Coleman member is locally subdivided into:

Sandstone of the Coleman member (Miocene)—Micaceous,
feldspathic, medium-grained sandstone; medium brown, yellowish
brown to light tan, moderately to strongly weathered; mildly to
moderately indurated; poorly to moderately cemented; relative
proportions of subrounded grains are greater than subangular
grains; well-sorted, grain-supported; generally structureless with
uncommon planar, parallel laminations; unit is less than 250 ft thick.

Siltstone of the Coleman member (Miocene)—Micaceous
siltstone to fine-grained sandstone; gray to brown, moderately to
strongly weathered; poorly indurated to friable, mildly cemented;
relative proportions of subangular grains are greater than
subrounded grains; well-sorted, matrix-supported; unit is generally
less than 200 ft thick; unit is interbedded between Grande Ronde
Basalt of Sentinel Bluffs.

VOLCANIC ROCKS OF THE COLUMBIA RIVER BASALT GROUP

Basaltic andesite to basalt; very dark gray to medium gray where fresh, medium to dark brown
where weathered, typically moderately weathered to fresh; dense and hard; aphyric, generally
aphanitic, where crystals in the groundmass can vary from ~0.1 mm to a few millimeters, sometimes
microporphyritic and rarely porphyritic; commonly with flows exhibiting the following physical
characteristics: basal, columnar-jointed colonnades, interior entablatures, and capping vesicular flow
tops; many volcanic units of the CRBG are comprised of multiple lava flows, and contacts between
lava flows of the same unit are separated by solid or dashed form lines on the map; terrestrial lava
flows of the CRBG are locally divided into the following units, where flows are named following

Priest Rapids Member of Wanapum Basalt (Miocene)—Basalt; dark gray to grayish
brown, mildly to moderately weathered; microporphyritic with coarse to medium crystals
(0.3—1.2 mm) to aphyric; groundmass is slightly trachytic (weakly oriented) and less
felty; seriate texture is common; autobreccia and entablature are common, locally with
well-developed platy flow foliation; colonnades are not well developed; mafic minerals
comprise 15-30% of the groundmass and include olivine and pyroxene; unit is about

300 ft thick; contains one or two flows; hyaloclastite is sparsely observed; overlies the
Vantage member (unit Mcey) and is overlain by the upper Ellensburg Formation (unit

Frenchman Springs Member of Wanapum Basalt (Miocene)—Basalt; dark gray to
grayish brown, mildly to moderately weathered; microporphyritic commonly with coarse
groundmass crystals (0.75—1.2 mm) to aphyric and aphanitic; groundmass is pilotaxitic
(unoriented); seriate texture is common; autobreccia and entablature are common, locally
with well-developed platy flow foliation; colonnades are not well developed; mafic
minerals comprise 20-30% of the groundmass and include olivine and pyroxene; unit is
less than 200 ft thick; contains at least one flow; hyaloclastite is sparsely observed;
overlies the Vantage member (unit Mcey) and is overlain by the Priest Rapids Member
(unit MVWp).

Grande Ronde Basalt (GRB), undivided (Miocene)—Aphyric basaltic andesite
described in detail in the following units. Unit Mvg is mapped where geochemistry was
unavailable, outcrops were lacking, inference for a subunit was overly speculative, or
units were grouped at depth in cross section. Subdivided into:

Sentinel Bluffs Member, undivided (Miocene)—Aphanitic; the map area
contains four subunits, from oldest to youngest, basalts of: McCoy Canyon,
Stember Creek, Spokane Falls, and Museum, where the middle two subunits
are portions of the “Cohassett flow” (Reidel, 2005) that may be intermingling
compositional types. Unit Mvgs is mapped where geochemistry was
unavailable, but reasonable interpolations could be made using existing
geochemical results. Subdivided into:

Basalt of Museum (Miocene)—Aphanitic to medium crystals
(0.10-0.12 mm, as large as 0.55 mm); mostly entablature with rare
basal colonnade; groundmass textures are felty and seriate; mafic
minerals comprise 2—-10% of the groundmass; unit is greater than
100 ft thick, although the upper contact is not exposed; contains at
least two flows; unit is widespread and found along lower portions
of northern range front.

Basalt of Stember Creek (Miocene)—Aphyric and mostly
aphanitic with fine to coarse groundmass crystals (0.1-0.5 mm, as
large as 1.75 mm); common basal colonnade, interior entablature,
and vesicular flow top; groundmass textures are felty with equant
microphenocrysts; mafic minerals comprise 10-30% of the
groundmass; unit is less than ~250 ft thick and thins eastward;
contains at least two flows.

Basalt of Spokane Falls (Miocene)—Aphanitic to fine-to-
medium crystals (0.07-0.55 mm); common basal colonnade,
interior entablature, and vesicular flow top; groundmass textures
are felty with equant microphenocrysts; mafic minerals comprise
less than 20% of the groundmass; unit is at least ~250 ft thick but
may pinch out northward; 640 ft thick in the BISSA well farther
east (S. Reidel, WSU Tri-Cities, written commun., 2020); contains
1 to 3 flows with thin irregular hyaloclastite horizons near its base
and middle, and thin sedimentary interbeds.

Basalt of McCoy Canyon (Miocene)—Aphanitic to medium
crystals (~0.15-0.30 mm, as large as 0.6 mm); forms good
entablature with short basal colonnade and common vesicular flow
top; groundmass texture is felty; mafic minerals comprise 20-30%
of the groundmass; unit is ~150-200 ft thick; contains at least two
flows and thin irregular hyaloclastite, usually near contact with unit
Mvgssf, commonly overlies the Coleman member of the
Ellensburg Formation (unit Mcec).

Ortley member (Miocene)—Aphanitic to medium crystals (0.2—0.6 mm, as
large as 0.9 mm); <20-ft-thick vesicular flow tops have well-developed flow
foliation, are commonly stained brownish orange, and are easily traced in the
field. Basal colonnade and interior entablature are thin, poorly developed, and
may look similar. Groundmass texture is felty, weakly microporphyritic, and
mildly microvesicular (diktytaxitic). Mafic minerals are not common (<5% of
the groundmass); unit is ~300-500 ft thick, and includes at least three flows;
locally invasive; locally overlain by the Coleman member (unit Mcec).

Grouse Creek member (Miocene)—Aphanitic to medium-to-coarse crystals
(0.2-0.7 mm, typically >0.5 mm); mostly fanning entablature; commonly
contains hyaloclastite + peperite; groundmass texture is felty; mafic minerals
comprise 20-25% of the groundmass. Unit is 600-900 ft thick and may be
thicker (>1,000 ft); includes at least two flows; commonly associated with
hyaloclastite, especially at the contact with the Ortley member (unit Mvgo).

Wapshilla Ridge Member (Miocene)—Aphanitic to medium-to-coarse
crystals (0.1-0.5 mm, rarely >1.0 mm); contains well-developed basal
colonnade, and vesicular tops and entablature are common; groundmass
texture is felty and microporphyritic; mafic minerals comprise 5-30% of the
groundmass; unit is at least ~400 ft thick; contains at least two exposed flows;
fragments of petrified wood are locally common.

Mount Horrible member (Miocene)—Aphanitic to medium-to-coarse

crystals (0.25-0.55 mm, as large as 1.75 mm); groundmass texture is felty and
microporphyritic; mafic minerals comprise 25-40% of the groundmass; unit is
greater than 150 ft thick; base not exposed; contains at least one or two flows.

H

Pre-Miocene Bedrock

Continental Sedimentary Rocks, undivided (Oligocene to Eocene)(cross section
only)—Unit may include tuffaceous siltstone and sandstone of the Oligocene to Eocene
Ohanapecosh Formation, coaliferous sandstone, tuffaceous(?) siltstone, minor rhyolite of
the Eocene Roslyn Formation, and (or) sandstone and conglomerate of the Eocene Swauk
Formation. Unit lumps sedimentary units above and below the Eocene Teanaway
Formation.
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GEOLOGIC SYMBOLS

Mass-wasting landforms (overlay pattern)(Holocene to
Pleistocene)—Mapped where landforms suggest mass movement on
unstable slopes, but evidence for landslide deposits is inconclusive.

Loess (overlay pattern)(earliest Holocene to Late Pleistocene)—
Light brown to medium brown eolian loess; moderately weathered;

low density, poorly compacted; silt to very fine-grained sand;

angular; moderate to poor sorting, matrix-supported; internally
structureless; forms 3-foot-tall, irregularly spaced mounds most
common in the central to northern map area with patchy mounds at

higher elevations between Naneum and Coleman Canyons.

Hyaloclastite (overlay pattern)(Miocene)— Volcaniclastic aggregate,
pillow breccia, and peperite; light yellowish brown to orange brown
or tan, strongly weathered; moderately dense, moderately well

consolidated; generally sand to boulder grain size with a very
fine-grained matrix; angular to subangular; poorly sorted,

matrix-supported; generally convoluted and structureless; may
contain basalt pillows that are matrix-supported; clastic aggregates
characteristically include basaltic glass, palagonite, and plagioclase
crystals; thickness varies from several feet up to about 150 ft; unit is
associated with many basaltic and sedimentary exposures and is
most commonly found near the contact between the Grouse Creek
and Ortley members (units Mvgg and Mvgo) and between the lower
basalts of the Sentinel Bluffs Member; interpreted as resulting from

quenching of GRB lavas as they entered a water body.
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CORRELATION OF MAP UNITS

PERIODS AND EPOCHS BASED ON USGS FACT SHEET 2010-3059
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Figure M1: Geophysical interpretation for the map area. A. Combined isostatic gravity
and aeromagnetic map. Gravity contours are 0.5 mGal and hachures indicate closed
lows. Hillshade topography helps provide orientation in the background. Gravity
stations are gray dots. Relative size of the gravity max spots are proportional to the
magnitude of the gravity gradient in that location.

B. Two-dimensional potential fields forward model of the geological cross section.
Units and properties shown in the bottom panel predict gravitational and magnetic
anomalies shown in the top two panels (p—saturated bulk density; x—magnetic
susceptibility x 10-3; Mr--magnetization in A/m; Incl--inclination; Decl--declination). Zero
depth is sea level. Gravity data shown are no more than 1 km in map view from the
model line. Diameter of the central dots in the gravity and magnetic observations is a
representation of the data error, however the magnetic gradients in the study area are
so large that these dots cannot be shown at a visible scale. “Flight path” shows the
elevation of the airplane that flew the aeromagnetic survey. The southwest end of the
model has lower gravity values than the northeast end, which cannot arise from
structure within the Columbia River Basalts (CRBs) or underlying Eocene/Oligocene
sediments alone. To account for the increased gravity values on the northeast end, we
model an Eocene-age or older basement (Easton Metamorphic suite or rocks with
similar lithologies) high to the northeast and also include the Teanaway Formation
which outcrops farther west (Sadowski and others, 2020). See Sadowski and others
(2020) for support for the basement lithology in the model. Physical properties of CRBs
are only moderately well constrained, so this uncertainty could trade off with layer
thickness throughout the group, creating uncertainty for individual member thickness-
es. Relative lateral changes in member thickness across the section are more
well-constrained. Contacts between Ellensburg interbeds and CRB members could be
more interfingered than depicted. Grouse Creek was not modeled as having reversed
remanence in the Reecer Canyon quadrangle immediately west of here (Sadowski and
others, 2020), but later mapping insights indicate that some exposures in that region at
the surface may be the Ortley member, which is not reversed. We include both the
Grouse Creek and Ortley members in this model. A more vertical NWUF than depicted
is permissible with our data constraints.

Geophysical feature acronyms discussed in the pamphlet: BF—Blind faults; BMA—-Boyl-
ston Mountain anticline; CHF—Craigs Hill fault gradient; DCA-Dead Coyote anticline;
DCF-Dead Coyote fault; NF—north-striking faults; NWA1—-northwest-trending
long-hinged anticline #1; NWA2—-northwest-trending long-hinged anticline #2;
NWBA-northwest-trending broad anticline; NWUF-northwest-trending unnamed fault;
OB-Older basin gravity low; SHA-Short-hinged anticlines; VPA—volcanic pipe
aeromagnetic high.

SEDIMENTARY ROCKS
Ellensburg Formation

<5.76 +0.36 Ma (GDO03)

MCe

Vantage member

- ~<—— <14.77 +0.38 Ma (GD02)

Coleman member

<15.33 £0.35 Ma (GDO01)

@® Maximum Depositional Age (MDA)
statements are from youngest
single zircon grain in each sample

4,000

3,500

3,000 =

2,500 £ G2

Jooo & [ANDREW JOHN SADOWSKI|
, >

1500 = A W
1,000 Apc ZOZ—/




