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INTRODUCTION

Previous geologic mapping for the Four Lakes 7.5-minute quadrangle 

was reconnaissance and lacked sufficient detail to be of service to 

developers and planners in the area. We undertook detailed mapping of 

the quadrangle in 2000 at the request of the City of Spokane 

Wastewater Management Department and the Spokane County Public 

Works Department, Stormwater Utility Section. Our field mapping and 

air photo interpretation was drawn on a U.S. Geological Survey 

topographic map of the quadrangle and then digitized and overlaid on 

digital orthophotos from the Washington State Department of Natural 

Resources (1995 edition). Digital contours furnished by the Spokane 

County geographic information system (GIS) and the orthophotos were 

then used as supplemental base maps to add to and refine geologic unit 

contacts on the final version of the map.

The first published geologic map of the area was by Pardee and 

Bryan (1926). Griggs (1966) completed a 1:125,000-scale map of the 

western half of the Spokane 1- by 2-degree quadrangle. He later 

extended his mapping eastward to complete a 1:250,000-scale geologic 

map of the entire Spokane 1- by 2-degree quadrangle (Griggs, 1973). 

Joseph (1990) compiled a 1:100,000-scale map of the Spokane 

quadrangle that incorporated more detailed interpretations of 

Pleistocene glacial features based on Kiver and others (1979) and basalt 

stratigraphy based on Swanson and others (1979). A master’s thesis on 

the hydrogeology of the West Plains completed by Deobald (1995) was 

used for initial location of paleochannels filled with glacial flood 

gravel.

DESCRIPTION OF MAP UNITS

Quaternary Sedimentary Deposits

Alluvium (Holocene)—Silt, sand, and gravel deposits in 

present-day stream channels, on flood plains, and on 

terraces; consists of reworked glacial flood deposits (units 

Qfg and Qfs) and reworked loess; may include small alluvial 

fans and minor mass-wasting deposits that extend from 

tributaries.

Alluvial fan deposits (Holocene)—Gravel, sand, and silt 

deposited in fans at the base of steep drainages; very poorly 

sorted; most lack a large drainage source; minimal soil 

development.

Loess (Holocene and Pleistocene)—Silt with lesser 

amounts of clay; locally includes small amounts of fine sand 

and volcanic ash; light to medium brown; unstratified; clay 

mostly montmorillonite and illite in a ratio of 3:1, with 

minor kaolinite (Hosterman, 1969); sand and silt composed 

of angular quartz with lesser amounts of feldspar and mica; 

except where eroded, caps most deposits to a thickness of 1 

or 2 ft; thickness increases to the southwest in the map area, 

where flood erosion was less effective.

Bog deposits (Holocene and Pleistocene)—Peat with lesser 

amounts of silt, ash, marl (bog lime), and gyttja (freshwater 

mud with abundant organic matter); located predominantly 

in Channeled Scabland depressions on basalt bedrock (Milne 

and others, 1975).

Mass-wasting deposits (Holocene and late Pleistocene)— 

Landslide debris with lesser amounts of debris-flow and 

rock-fall deposits; consists mostly of a mixture of basalt 

blocks and saprolite; basalt blocks range in size from several 

feet to tens of feet in diameter. Most mass-wasting events 

occurred during or shortly after Pleistocene catastrophic 

flood events, but some mass wasting continued to the 

present; mass-wasting events that occurred during glacial 

flooding incorporated flood materials as scattered sand and 

pebble lenses interspersed with the mass-wasting deposits.

The following units are deposits from outburst floods of glacial Lake 

Missoula. They are a composite of numerous flood events and do not 

represent deposits from any single flood event.

Glacial flood deposits, predominantly gravel 

(Pleistocene)—Thick-bedded to massive mixture of 

boulders, cobbles, pebbles, granules, and sand; contains beds 

and lenses of sand and silt; gray, yellowish gray, or light 

brown; poorly to moderately sorted; both matrix and clast 

supported; locally composed of boulders in a matrix of 

mostly pebbles and coarse sand; boulders and cobbles 

consist predominantly of locally derived quartzite and basalt; 

found outside of the principal glacial flood channels, which 

are north and east of the quadrangle.

Pre-Quaternary Igneous and Sedimentary Rocks

Priest Rapids Member of the Wanapum Basalt, 

Columbia River Basalt Group (middle Miocene)—Dark 

gray to black, fine-grained, dense basalt consisting of 

plagioclase (20–30%), pyroxene (10–20%), and olivine 

(1–2%) in a mostly glass matrix (40–60%); variable 

thickness; very thin where it laps upon pre-Miocene 

highlands; lies directly on pre-Miocene rocks, Latah 

Formation, or Grande Ronde Basalt; contact with the 

underlying Grande Ronde Basalt occurs between 2,200 and 

2,300 ft elevation in this quadrangle. Basalt is of the Rosalia 

chemical type (Table 1), which has higher titanium and 

lower magnesium and chromium than other flows of 

Wanapum Basalt (Steve Reidel, Pacific Northwest National 

Laboratory, oral commun., 1998). This unit is between 14.5 

and 15.3 m.y. old and has reversed magnetic polarity (Reidel 

and others, 1989).

Grande Ronde Basalt, magnetostratigraphic units R2 

and N2, Columbia River Basalt Group (middle 

Miocene)—Dark gray to dark greenish gray, fine-grained 

basalt consisting of pale green augite and pigeonite grains 

(10–40%) and plagioclase laths and sparse phenocrysts 

(10–30%) in a matrix of black to dark brown glass (30–70%) 

and opaque minerals; locally vesicular with plagioclase laths 

tangential to vesicle boundaries; some vesicles contain 

botryoidal carbonate and red amorphous secondary minerals; 

thickness is quite variable due to irregular underlying 

topography, variable thickness of water-saturated Latah 

Formation (unit Ml) interbeds, and the invasive nature of at 

least some of the Grande Ronde Basalt flows in the area; 

identified in the map area on the basis of chemical analyses 

(Table 1); between 15.6 and 16.5 m.y. old (Reidel and 

others, 1989).

Latah Formation (middle Miocene) (cross sections 

only)—Based on numerous exposures in the Spokane area, 

consists of lacustrine and fluvial deposits of finely laminated 

siltstone, claystone, and minor sandstone; light gray to 

yellowish gray and light tan; commonly weathers brownish 

yellow with stains, spots, and seams of limonite; poorly 

indurated; unconformably overlies pre-Miocene rocks or is 

interbedded with Grande Ronde Basalt (unit Mgr); easily 

eroded and commonly blanketed by colluvium, talus, and 

residual soils; floral assemblages indicate a Miocene age 

(Knowlton, 1926; Griggs, 1976).

Hornblende biotite granitic rock (Tertiary to 

Cretaceous)—Medium-grained granitic rock; contains 

biotite crystals up to 0.2 in., hornblende, and minor zircon; 

light gray with some light-pink feldspars; porphyritic in part, 

with feldspar crystals up to 0.5 in.; only scattered exposures 

in the quadrangle.

Wallace Formation (Precambrian Y)—Gray argillite, 

quartz-plagioclase-biotite gneiss, quartz veins, calc-silicate 

hornfels, green to grayish green carbonate-bearing argillite, 

quartzite, and mica schist; includes numerous sills and dikes 

of pre- and post-metamorphic biotite-rich rock that are too 

small to map separately. These rocks are probably similar to 

a unit mapped by Griggs (1973) in the Medical Lake area as 

Wallace Formation undivided; there, the unit consists of gray 

argillite or phyllite to calc-silicate hornfels or granofels, 

quartzite, mica schist, gneiss, and migmatite.

Ravalli Group (Precambrian Y)—White, light gray, gray-

green, or pale yellowish orange feldspathic sandstone and 

siltstone; fine to medium grained; thin to medium bedded 

with some massive sections; feldspathic sandstone typically 

contains 30 to 70 percent quartz, 20 to 30 percent feldspar, 

and 1 to 5 percent biotite; siltstone contains more feldspar 

and less quartz; numerous small leucogranite and granite 

sills and dikes are scattered throughout, but are too small to 

map separately at this map scale; sills are especially 

numerous on the northeast side of Needham Hill.

GEOLOGIC SYMBOLS

Contact—Dashed where approximately located

Inclined bedding—Showing strike and dip

Inclined foliation—Showing strike and dip

Lineation—Showing bearing and plunge

Water well—Numbers correspond to well numbers 

on cross sections

Basalt geochemistry sample location—Numbers 

correspond to sample numbers in Table 1
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MAJOR ELEMENTS—UNNORMALIZED (in weight percent) 

Sample no. SiO2 Al2O3 TiO2 FeO MnO CaO MgO K2O Na2O P2O5 Total 

Priest Rapids Member of the Wanapum Basalt (unit „wp) 

MQ1002 50.07 12.61 3.623 14.83 0.244 8.46 4.50 1.35 2.79 0.790 99.27 

Grande Ronde Basalt (unit „gr) 

MQ1001 53.81 13.99 1.834 11.32 0.198 8.69 4.86 1.22 2.98 0.297 99.20 

 

TRACE ELEMENTS (in parts per million) 

Sample no. Ni Cr Sc V Ba Rb Sr Zr Y Nb Ga Cu Zn Pb La Ce Th 

Priest Rapids Member of the Wanapum Basalt (unit „wp) 

MQ1002 3 30 39 428 524 32 286 212 50 19.6 24 16 152 3 21 57 7 

Grande Ronde Basalt (unit „gr) 

MQ1001 5 55 38 318 452 30 304 153 33 11.5 19 28 112 8 26 43 4 

Table 1.  Geochemical analyses of Columbia River Basalt Group basalt performed by x-ray fluorescence at 

the Washington State University GeoAnalytical Lab. Instrumental precision is described in detail in Johnson 

and others (1999). Total Fe is expressed as FeO

Ymsw

Ymsr

TKg

Ql

Qfg

Qb

Qmw

Qal

Qaf

„wp

„gr

„l

WASHINGTON DIVISION OF GEOLOGY AND EARTH RESOURCES

OPEN FILE REPORT 2004-2

Disclaimer: This product is provided ‘as is’ without warranty of any kind, either expressed or implied, 

including, but not limited to, the implied warranties of merchantability and fitness for a particular use. 

The Washington Department of Natural Resources will not be liable to the user of this product for any 

activity involving the product with respect to the following: (a) lost profits, lost savings, or any other 

consequential damages; (b) the fitness of the product for a particular purpose; or (c) use of the product or 

results obtained from use of the product. This product is considered to be exempt from the Geologist 

Licensing Act [RCW 18.220.190 (4)] because it is geological research conducted by the State of 

Washington, Department of Natural Resources, Division of Geology and Earth Resources.

7000 FEET1000 10000 2000 3000 4000 5000 6000

0.5 1 KILOMETER1 0

SCALE 1:24 000

0.51 0 1 MILE

contour interval 20 feet

Division of Geology and Earth Resources
Ron Teissere - State Geologist

Lambert conformal conic projection

North American Datum of 1927; to place on North American

     Datum of 1983, move the projection lines 15 meters north

     and 80 meters east

Base map from scanned and rectified U.S. Geological Survey

     7.5-minute Four Lakes quadrangle, 1973

Shaded relief generated from U.S. Geological Survey 10-meter

     Digital Elevation Model

Digital cartography by Charles G. Caruthers and J. Eric Schuster

Editing and production by Karen D. Meyers

Geologic Map of the

Four Lakes 7.5-minute Quadrangle,

Spokane County, Washington

by Michael M. Hamilton, Robert E. Derkey, and Dale F. Stradling

2004

Spokane

R
.

Little Spo
kan
e

R
.

H
angm

an

C
r.

D
ee
p

C
r.

Deep

C
r.

90

395

195

395

2 Spokane

A
IR

W
A
Y

H
E
IG

H
T
S

S
P
O

K
A

N
E

N
O

R
T
H

W
E
S
T

S
P
O

K
A

N
E

S
O

U
T
H

W
E
S
T

F
O

U
R

L
A

K
E
S

S
P
O

K
A

N
E

S
O

U
T
H

E
A

S
T

S
P
O

K
A

N
E

N
O

R
T
H

E
A

S
T

D
E
E
P

C
R

E
E
K

M
E
D

IC
A

L
L
A

K
E

47°�37¢�30²

47°�30¢
117°�37¢�30²

117°�37¢�30²

47°�30¢
117°�30¢

117°�30¢
47°�37¢�30²

T.�25�N.

T.�24�N.

T.�25�N.

T.�24�N.

T.�24�N.

T.�23�N.

T.�24�N.

T.�23�N.

32¢�30²

35¢

32¢�30²

35¢

32¢�30²35¢

32¢�30²35¢ R.�41�E. R.�42�E.

R.�41�E. R.�42�E.

A

A¢

B¢

B

„gr

„gr

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

„wp

Qaf

Qal

Qal

Qal

Qal

Qal

Qal

Qal

Qb

Qb

Qb

Qb

Qb

Qb

Qb

Qb

Qb

Qb
Qb

Qb
Qb

Qb

Qb

Qb

Qb

Qb

Qb

Qb
Qb

Qb

Qb

Qb
Qb

Qb

Qb

Qb

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Qfg

Ql

Ql

Ql

Ql

Ql

Ql

TKg

TKg

TKg

Ymsr

Ymsr

Ymsr

Ymsr

Ymsr

Ymsw

Ymsw

Ymsw

Qmw



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


