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EFigure M1: Geophysical interpretation for the map area. Aeromagnetic 
data from Blakely and others (2020a,b).  A. Combined isostatic gravity 
and aeromagnetic map. Gravity contours are 0.5 mGal. Hillshade 
topography in the background helps provide orientation. Gravity stations 
are gray dots. Relative size of the gravity maximum spots is proportional 
to the magnitude of the gravity gradient in that location. Geophysical 
features discussed in the pamphlet—DCF: Dead Coyote fault; DCA: Dead 
Coyote anticline; DRCF: Dry Creek fault; GCSH: Grouse Creek 
sedimentary/hyaloclastite gravity low; SBF: Sentinel Bluffs magnetic 
highs; TNF: Teanaway Formation magnetic high; TNBA: Teanaway 
formation basin anomaly. B. Two-dimensional potential-fields forward 
model of the geological cross section. Units and physical properties 
shown in the bottom panel predict gravitational and magnetic anomalies 
shown in the top two panels. Gravity data shown are no more than 3 km 
(1.86 mi) and mostly less than 500 m (1640 feet) in map view from the 
model line. Diameter of the central dots in the gravity and magnetic 
observations is equivalent to the data error. “Flight path” shows the 
elevation of the airplane that flew the aeromagnetic survey. Two black 
arrows and ‘GCSH’ label point to short gravity gradients that are 
discussed in the pamphlet text. Due to their similar density and magnetic 
properties, Eocene- and Oligocene-aged sediments are combined into 
one model unit, as are Quaternary sediments and Ellensburg Formation 
near the surface. The upper part of the Sentinel Bluffs Member under the 
Kittitas Valley and the lower units of the Wanapum Formation are not 
differentiated because of their similar physical properties. Exact 
geometries of offsets and folding in the Teanaway Formation is highly 
speculative given formation depth and complexity of overlying units, 
whereas overall thickness changes across the model are more certain.
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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)—
Eolian silt to very fine-grained sand that forms 3-foot-tall, irregularly 
spaced mounds. The unit more commonly blankets older alluvial and 
glacial outwash units. 

  Hyaloclastite (overlay pattern) (Miocene)—Light yellowish brown to 
orange brown, sandy to bouldery, angular to subangular, poorly sorted, 
matrix-supported, obsidian-rich and palagonitic clastic deposits with and 
without basalt pillows and pillow breccia, where centimeter- to 
meter-scale pillow fragments can have centimeter-scale 
columnar-jointed corrugations. Exposures of contiguous planar 
hyaloclastite decrease westward toward Green Canyon and outcrops are 
generally convoluted and structureless. 

Contact—Solid where location accurate; long-dashed 
where approximate; short-dashed where inferred; 
dotted where concealed; queried where identity or 
existence questionable; grayed out, where internal 
flow contacts present

Bedding formlines—Identity and existence certain; 

Solid where location accurate; long-dashed where 
inferred; Here, internal contacts between lava flows

Thrust fault—Concealed; queried where identity or 
existence questionable; Sawteeth on upper plate

Strike-slip fault, right-lateral offset—Identity and 
existence certain, location concealed. Arrows show 
relative motion

Strike-slip fault, left-lateral offset—Identity or 
existence questionable, location concealed. Arrows 
show relative motion

Reverse fault—Solid where location accurate; 
long-dashed where approximate; short-dashed where 
inferred; dotted where concealed; queried where 
identity or existence questionable; rectangles on 
upthrown block

Normal fault—Concealed; queried where identity or 
existence questionable; bar and ball on downthrown 
block

High-angle dip-slip fault—Solid where location 
accurate; long-dashed where approximate; 
short-dashed where inferred; dotted where concealed; 
queried where identity or existence questionable; 
relative motion shown by U and D

Oblique-slip fault, reverse right-lateral offset—Solid 
where location accurate; short-dashed where inferred; 
dotted where concealed; queried where identity or 
existence questionable; relative horizontal motion 
shown by arrows, relative vertical motion shown by 
U and D

Oblique-slip fault, high-angle left-lateral 
offset—Concealed; queried where identity or 
existence questionable; relative horizontal motion 
shown by arrows, relative vertical motion shown by 
U and D

Anticline—Solid where location accurate; 
long-dashed where approximate; short-dashed where 
inferred; dotted where concealed; queried where 
identity or existence questionable; arrow on line 
indicates plunge direction

Syncline—Short-dashed where inferred; dotted where 
concealed; queried where identity or existence 
questionable; arrow on line indicates plunge direction

Monocline, anticlinal bend—Long-dashed where 
approximate; short-dashed where inferred; dotted 
where concealed; arrows show direction of dip; 
shorter arrow on steeper limb

Geologic unit too thin to show as a polygon—Solid 
where location accurate; long-dashed where 
approximate; short-dashed where inferred; queried 
where identity or existence questionable

Alpine ice limit—long-dashed where approximate; 
short-dashed where inferred; queried where identity 
or existence questionable

Geomorphic feature—Solid where accurate; 
long-dashed where approximate; breaks in slope

Cross section line

Perennial stream

Intermittent stream

Fluvial terrace—Location accurate; hachures point 
down slope

Scarp of unknown origin—Hachures point down 
slope

Inclined bedding—showing strike and dip

Horizontal bedding

Approximate orientation of inclined bedding in unconsolidated deposits or 
bedrock—showing approximate strike and dip

Inclined bedding, where top of direction of beds is known from local 
features—showing strike and dip

Small, minor inclined joint—showing strike and dip

Inclined slickenline, groove, or striation on fault surface—showing bearing 
and plunge

Inclined foreset bedding in unconsolidated sedimentary deposits or 
unconsolidated fragmental deposits of volcanic origin—showing strike and 
dip

Inclined flow banding, lamination, layering, or foliation in igneous 
rock—showing strike and dip

Shear—showing strike and dip

Spring—line angle indicates downslope direction

Age site, U-Pb, uranium-lead

Geochronology sample, optically stimulated luminescence

Geochemistry sample location

Water well

Significant site

Geologic unit too small to show as a polygon at map scale

Clast count sample

DESCRIPTION OF MAP UNITS

HOLOCENE TO PLIOCENE NONGLACIAL DEPOSITS

  Artificial fill (Holocene)—Rubble of introduced material used for raising 
roadbeds, trails, railroads, sports fields, Bowers airfield, and other 
infrastructure. 

  Modified land (Holocene)—Rubble of local material forming graded 
landscapes for industrial, agricultural, and residential zones, including but not 
limited to gravel pits, areas adjacent to Bowers airfield, and Central 
Washington University campus. 

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

  Landslide deposits (Holocene to Pliocene)—Sand- to boulder-size, 
matrix-supported rubble with sharper landform morphology when viewed 
using hillshades of bare earth lidar products. Where morphology is ambiguous 
mw overlay is used.

  Old landslide deposits (Pleistocene to Pliocene)—Sand- to boulder-size, 
matrix-supported rubble with smoother muted landform morphology when 
viewed using hillshades of bare earth lidar. 

 HOLOCENE TO PLIOCENE ALLUVIAL DEPOSITS

  Alluvium (Holocene)—Composed of sand and gravel from channel deposits 
on active flood plain. This unit has been heavily modified by agricultural 
cultivation.

  Intermediate-aged alluvium (Holocene to Pleistocene)—Composed of sand 
and gravel from stream-flood (overbank) and old channel deposits near active 
flood plain, where surfaces of unit Qia are higher in elevation than surfaces of 
unit Qa. 

  Older alluvium (Pleistocene)—Composed of sand and gravel from 
stream-flood (overbank) and older channel deposits and terraces above active 
flood plain, where surfaces of unit Qoa are higher in elevation than surfaces of 
unit Qia.

  Alluvial fan deposits  (Holocene to Pleistocene)—Alluvial fan and 
unconsolidated to poorly consolidated debris flows, undivided sand and 
basaltic gravel. Unit is further divided and numbered according to age of 
deposit, from one (lowest and youngest) to four (highest and oldest) based on 
relative elevation above the modern stream level and differences in surface 
morphologies. Older surfaces are smoother and more deeply incised compared 
to rougher, younger surfaces with lesser degrees of fluvial incision. Loess is 
absent on younger surfaces and common on older surfaces. Weathering rinds 
on basalt clasts are <1 mm on unit Qaf1, about 1 mm on units Qaf2 and Qaf3, 
and >1 mm on unit Qaf4. Indications of glacial outwash are unclear in fans. 

  Oldest alluvium, gravelly unit (Pleistocene to Pliocene)—Monomict, 
clast-supported, semi-consolidated, basalt-derived cobbles and pebbles with 
weathering rinds 1-mm to 2-cm-thick sourced from Naneum Canyon and 
possibly Wilson Canyon to the north. Possibly glaciofluvial. Imbrications of 
clasts suggest southward and westward paleocurrent directions. Loess is 
extremely pervasive on this unit and silicic caliche is common. 

   Oldest alluvium, sandy unit (Pleistocene to Pliocene)—Interfingering lenses 
of fine- to medium-grained sand between gravels of unit Q‰cg. 

HOLOCENE TO PLIOCENE GLACIAL DEPOSITS
Morphology and provenance identify distal alpine outwash from the Cascade Range that 
entered the map area from the west and north. Clast compositions are commonly polymict 
and Cascade sourced in the Yakima River corridor and within the central map area south 
of Dry Creek fault. The southern bend of Cross Section A–A' roughly marks a transition 
from polymict glacial outwash in the west to monomict alluvial fans in the east that lack 
clear glacial origins. 

  Bullfrog Vashon alpine outwash of the Lakedale Drift 
(Pleistocene—Holocene?)—Polymict pebbly sand to pebble gravel. 
Weathering rinds less than 1 mm.

  Pre-Vashon alpine outwash of Kittitas Drift, undivided (Pleistocene)—
Sand and gravel, where basalt weathering rinds are ~1 mm thick. Unit includes 
Indian John and Swauk Prairie subdrifts that are divided primarily on 
differences in terrace elevation because weathering rind thicknesses and 
provenances are nearly identical. Provenance includes polymict and monomict 
varieties. Kittitas Drift is subdivided into:

  Indian John pre-Vashon alpine outwash (Pleistocene)—Polymict 
to monomict pebble-to-cobble gravel. Loess is less pervasive on 
these surfaces.

  Swauk Prairie pre–Vashon alpine outwash (Pleistocene)—
Polymict to monomict cobble-to-pebble gravel with sand. Loess is 
common on these surfaces. Hard, impermeable, silicic caliche is 
commonly developed within 2 ft below ground surface.

  Thorp Gravel (Pliocene)—Glacio(?)-fluvial accumulation of polymict 
cobbles and pebbles of andesite, basaltic andesite, conglomerate, sandstone, 
vein quartz, chalcedony, chert, and metamorphic rock (Cascade-sourced). 
Imbrications of clasts suggest southward and eastward paleocurrent directions. 
Weathering rinds on basalt clasts range from 1–20 mm and are commonly 2–5 
mm wide. Capping loess is pervasive and silicic caliche is common.

TERTIARY SEDIMENTARY AND VOLCANIC BEDROCK

  Ellensburg Formation, undivided (Miocene)—Volcaniclastic to lacustrine or 
fluvial sedimentary bedrock underlying, interfingering, and overlying rocks of 
the Columbia River Basalt Group. 

  Siltstone—Pumiceous, diatomaceous(?) siltstone or possibly 
re-worked, non-welded tephra from a lacustrine or fluvial 
depositional environment. 

  Sandstone—Coarse- to fine-grained micaceous feldspathic 
sandstone. 

  Gravelly unit—Polymict lahar-like conglomerate with lenses of 
sandstone and non-welded ash with minimal to no sedimentary 
re-working.

  Coleman member of the Ellensburg Formation, 
undivided—Sedimentary rock divided into subunits by grain size, 
and can contain basaltic boulder(?)-sized exposures of Winter Water 
and Wapshilla Ridge members (geochemistry sites G25 and G29, 
respectively). Less than 200 ft thick of well-exposed sedimentary 
outcrop. Overlies the Grouse Creek member and underlies the 
Sentinel Bluffs member. 

           Siltstone—Fine-grained pumiceous, diatomaceous(?), 
micaceous siltstone or possibly re-worked tephra.

           Sandstone—Fine- to coarse-grained micaceous 
feldspathic sandstone (age site GD02). 

     
Columbia River Basalt Group (CRBG)—Very dark gray to medium gray, aphanitic, 
fine- to medium-grained basaltic andesite, divided into:

  Wanapum Basalt, undivided (Miocene)(cross section only)—Basalt.

  Grande Ronde Basalt (GRB), undivided (Miocene)—Basaltic andesite. 
GRB is subdivided based on geochemical composition into: 

  Sentinel Bluffs Member, undivided—Subdivided into: 

           Basalt of Museum

           Basalt of Spokane Falls—Contains hyaloclastite 
horizons.

           Basalt of Stember Creek

           Basalt of McCoy Canyon

  Winter Water Member (cross section only)—Basaltic andesite.

  Ortley member—Basaltic andesite.

  Grouse Creek member—Basaltic andesite commonly features 
hyaloclastite (and (or) peperite?), especially where directly 
underlying the Coleman member of the Ellensburg Formation. Unit 
consists of 2–6 flows of fanning entablatures with a basal 
colonnade. Colonnades and vesicular tops are poorly developed to 
absent in the unit’s interior. Previously mapped as the Howard 
Creek invasive flow. 

  Wapshilla Ridge member—Basaltic andesite contains 
well-developed basal colonnades and vesicular tops. Well exposed 
in Wilson Creek. Base is not exposed.

 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, coal-bearing sandstone and 
tuffaceous(?) siltstone of the Eocene Roslyn formation, and (or) sandstone and 
conglomerate of the Eocene Swauk Formation. Unit is interpreted as entirely 
Eocene in age beneath unit Evt.

  Teanaway Formation, undivided (Eocene)(cross section only)—Basalt, 
dikes, related intrusions, volcaniclastic and pyroclastic rocks.

ABSTRACT
New geologic and geophysical investigations of the Ellensburg North and Reecer Canyon quadrangles characterize geologic structures of the northwestern Yakima fold and thrust belt 
and the basin architecture of Kittitas Valley. New 1:24,000-scale mapping shows south-verging, reverse-to-thrust faults with short-hinged anticlines and synclines, long-hinged 
monoclines, and north-northeast- and north-northwest oriented strike-slip faults. Forward modeling of gravity and magnetic data constrains our interpretations of fault and fold 
geometries and suggests thickness variations on the order of hundreds of meters in Miocene basalts, thinning of Eocene sedimentary rocks, and shallowing of basement northward.

Our mapping refines bedrock and surficial stratigraphy near the northern extent of the Miocene Columbia River Basalt Group (CRBG). Novel machine learning techniques using 
whole rock geochemistry newly identify the Wapshilla Ridge, Grouse Creek, Ortley, and Sentinel Bluffs members of Grande Ronde Basalt (GRB of CRBG) within the map area. The 
Coleman member of the sedimentary Ellensburg Formation divides the Grouse Creek member and its hyaloclastite from younger GRB members. New detrital zircon U-Pb analyses 
from two pumiceous siltstones—one above and one below the Coleman member—indicate a ~16.0 Ma maximum depositional age. Lidar-informed mapping of surficial unconsolidated 
deposits combined with new Pliocene through Holocene U-Pb and luminescence ages delineates intermingling of Cascade-sourced alpine glacial outwash and locally sourced alluvium 
that cap older bedrock.

Lidar derivatives improved identification of landslides and young fault escarpments. The Coleman member and other interbeds highlight areas prone to landslides at the surface 
and suggest zones of potential aquifers at depth. Basalt is shallowly concealed (>2 ft) north of the Dead Coyote fault and may support shallow recharge potential for deeper aquifers.

 


