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INTRODUCTION

This map is part of a series of 1:24,000-scale geologic maps
for Spokane County in and around the city of Spokane.
Geologic maps of the Mead (Derkey, 1997) and Dartford
(Derkey and others, 1998) 7.5-minute quadrangles were
completed earlier in response to the recent surge in growth
in the northern part of the county. The Spokane NE and SE
‘quadrangles are located north-south through the eastern part
of the city.

DESCRIPTION OF MAP UNITS,
SPOKANE SE QUADRANGLE

Quaternary Sediments -

Post-Glacial Deposits

Alluvium (Holocene)-Silt, sand, and gravel deposits in the
present-day stream channels and flood plains of Chester
Creek, Hangman Creek, California Creek, and Rock Creek.
Consists of reworked glacial-flood deposits (units Qfcg, Qfg,
and Qfs), loess, and voleanic ash. :

Alluvial fan deposits (Holocene)— Alluvium consisting of
gravel, sand, and silt in fan-shaped deposits that form where
relatively steep drainages enter Hangman, California, and
Chester Creeks. Deposits are very poorly sorted and have
minimal soil development.

Glacial-Flood Deposits

Glaciers dammed the Clark Fork River near the Montana-
Idaho state line. Glacial Lake Missoula formed behind the
ice dam, and when it failed, large volumes of water raced
through the area carrying tremendous amounts of sediment
into the Columbia Basin and downstream along the
Columbia River to the Pacific Ocean. Ice-dam buildup and
failure was repeated many times during the Pleistocene. In
the Spokane area, deep channels of the ancestral Spokane
River were filled with very coarse-grained, poorly sorted
gravel referred to here as flood-channel gravel (unit Qfcg).
The coarse gravel of unit Qfcg is host to the Spokane
Valley-Rathdrum Prairie aquifer. Outside of the deep
channels, flood-gravel deposits (unit Qfg) are thinner and
commonly not as coarse grained. A third type of flood
deposit is sand (unit Qfs) deposited when floodwaters
flowed into an existing glacial lake. The sand unit (Qfs) is
widespread and appears to be the uppermost or highest of
the extensive flood deposits. Following deposition of this
sand, flood events appear to have been smaller and confined
to lower elevations in the Spokane Valley. The units are
distinguished by the predominant clast size. Contacts
between the three units Qfcg, Qfg, and Qfs are mostly
indistinet.

Glacial-flood deposits, predominantly sand (Pleistocene)—
Gray, yellowish gray, or light brown, poorly to moderately
well-sorted, medium-bedded to massive, subangular to
subrounded, medium-fine to coarse sand with sparse pebbles,
cobbles, and boulders. Some exposures appear speckled
because of the mixture of light and dark fragments. Clasts
consist mainly of granitic and metamorphic detritus from
sources to the east. The unit locally contains beds and lenses
of gravel and its thickness is variable due to the irregular

underlying topography.

Glacial-flood deposits, predominantly gravel
(Pleistocene)—Gray, yellowish gray, or light brown, poorly
to moderately sorted, both matrix- and clast-supported,
thick-bedded to massive mixture of boulders, cobbles,
pebbles, granules, and coarse sand; locally contains beds
and lenses of sand and silt. Boulders consist of granitic and
metamorphic rocks similar to those found in local outcrops
and to the east in Idaho. Compared to flood-channel gravel
(Qfcg), flood-gravel deposits (unit Qfg) generally contain
more pebbles, granules, and coarse sand and fewer boulders
and cobbles. Occurrences of the flood gravel in the Spokane
SE quadrangle are in the northeast corner and in Hangman
Creek valley.

Glacial-lake/glacial-flood deposits, undifferentiated
(Pleistocene)—Tan to gray, fine-grained sand, silt, and clay
of massive and thin-bedded lake deposits with interbedded
and irregularly distributed glacial-flood sediments of sand
and gravel, including locally derived detritus from the
adjacent highlands. In the Spokane SE quadrangle, deposits
are limited to the Hangman and California Creek valleys.

Eolian Deposits

Loess (Holocene to Pleistocene)-- Light to medium brown, ~

unstratified silt and clay. Locally includes small amounts of
fine sand and volcanic ash. Clay is mostly montmorillonite
and illite in a ratio of 3:1; it also contains minor kaolinite
(Hosterman, 1969). Sand and silt are composed of angular
quartz with lesser amounts of feldspar and mica. Loess is
thickest where glacial floods have not eroded it. In the
Spokane SE quadrangle, unit QI can be several tens of feet
thick.

Tertiary Volcanic and Sedimentary Rocks

Columbia River Basalt Group

Subaerial lava flows of the Columbia River Basalt Group
(CRBG) spread widely over the Columbia Plateau. Two
CRBG units have been identified in the Spokane SE quad-
rangle: (1) Grande Ronde Basalt, magnetostratigraphic
unit R2 and (2) Wanapum Basalt, Priest Rapids Member,

- Rosalia chemical type (Derkey and others, 1998; Tolan

and others, 1989). The Priest Rapids Member is the
uppermost Columbia River Basalt Group unit identified

in the Spokane area. Whole-rock chemical analyses were
performed by the Geoanalytical Laboratory at Washington
State University (see Table 1). Peter Hooper (Wash. State
Univ. Geology Dept., written commun., 1998-99)
identified the chemical affinity of the samples, which was
the basis for assigning the stratigraphy to basalt units.

Wanapum Basalt, Priest Rapids Member (middle
Miocene)--Dark gray to black, fine-grained, dense basalt
containing plagioclase (20-30%), pyroxene (10-20%),
and olivine (1-2%) in a mostly glass matrix (40-60%).
Although it is less than 100 ft thick at the north end of
the quadrangle, the difference in elevation between the
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lowermost and uppermost contacts of the unit in the
southern two-thirds of the quadrangle is almost 300 fi.

This may be due to irregularities IN the underlying surface.
The Priest Rapids Member lies directly on pre-Miocene
rocks or Latah Formation in the northern part of the
quadrangle and on Grande Ronde Basalt or locally on
Latah Formation in the southern part of the quadrangle.

The Priest Rapids Member in the Spokane area is of the
Rosalia chemical type, which has a higher titanium and
lower magnesium and chromium content than other flows
of Wanapum Basalt (Steve Reidel, Pacific Northwest
National Laboratory, oral commun., 1998). The Priest
Rapids Member is between 15.3 and 14.5 m.y. old and
has reversed magnetic polarity (Reidel and others, 1989).

Grande Ronde Basalt, magnetostratigraphic unit R2
(middle Miocene)--Dark gray to dark greenish gray, fine-
grained basalt containing plagioclase (10-30%) as laths
and sparse phenocrysts and pale green augite and pigeonite
grains (10-40%) in a matrix of black to dark brown glass
(30-70%) and opaque minerals. The rock is locally
vesicular with plagioclase laths tangential to vesicle

Igneous rocks, collectively mapped as unit Ki in the
Spokane SE quadrangle, include fine- to coarse-grained
granitic rocks, leucocratic granite/aplite, quartz-feldspar-
muscovite pegmatites (anatectic), hornblende diorite, and
hornblendite. Most of unit Ki in the quadrangle is
medium- to coarse-grained granitic rock.

Previous workers mapped metasedimentary rocks, largely
quartzo-feldspathic sandstone, siltite, and some quartzite
occurring in the southern two-thirds of the quadrangle, as
part of the Ravalli Group (unit Ymsr) of the Belt Super-
group (Griggs, 1966, 1973; Joseph, 1990). We use that
designation for this map. The relationship of these meta-
sedimentary rocks (unit Ymsr) to the metamorphosed
sedimentary rocks (unit pTmi) exposed in the northern
part of the quadrangle is not well understood.

Northwest-trending high-angle faults cut the orthogneiss
(unit pTog) and paragneiss (unit pTmi). These structures
are parallel to prominent linear features in the orthogneiss
(unit pTog) in the Spokane NE quadrangle. The contact
between units pTog and pTmi is low-angle and may be a
thrust; exposures were insufficient to determine the nature

Appendix: Geochemical analyses for units of the Columbia

River Basalt Group in and near the Spokane NE

and Spokane SE quadrangles

A total of 29 samples from the Spokane NE and SE quadrangles were analyzed by x-ray
fluorescence methods and assigned to basalt units. Two samples from adjacent quadrangles are
also included: 216SP from the Spangle quadrangle (SE1/4, sec. 11, T23N, R43E) about 1 mi
south of the Spokane SE quadrangle and 222FR from the Freeman quadrangle (NW1/4 sec. 27,
T24N, R44E) about 1.5 mi east of the Spokane SE quadrangle. Analyses were performed by the
Geoanalytical Laboratory, Department of Geology, Washington State University, Pullman, WA
99164-2812. A description of analytical methods, precision, and accuracy is given in Johnson

and others, (1998). Total Fe is reported as FeO. Letters at the end of sample nos. indicate the

quadrangle of origin: NE, Spokane NE; SE, Spokane SE; FR, Freeman; SP, Spangle. Sample
locations in the Spokane NE and SE quadrangles are shown on Plates 1 and 2 respectively. Peter
Hooper (Wash. State Univ. Geology Dept., written commun., 1998-99) identified the samples.
Sample results are separated into three groups: whole rock and normalized whole rock, major
elements and trace elements for each of the two basalt types identified and for two samples for
‘which basalt type could not be determined.

Whole-rock, major element analyses results (weight percent) of samples determined to be Grande Ronde Basalt,

boundaries. Some vesicles contain botryoidal carbonate of the contact. magnetostratigraphic unit R2
and red amorphous secondary minerals. Due to the : Sample  SIO; AlO3  TiOy FeQ MnO Ca0 MgO K20 N2;0 P20s
irregular underlying topography and the probable invasive Ki Biotite-muscovite granite (Cretaceous)— Light gray, g 184NE 5545 1384 2530 1024 0249 7.24 2.73 1.86 3.26 0.521
nature of at least some of the flows of Grande Ronde locally with a light pink tinge; medium- to coarse-grained; 192SE 5379 1426 1834 1050 0191 892 4.75 1.26 2.94 0.293
Basalt in the quadrangle, the thickness is unknown. The includes fine-grained biotite-muscovite granite, horn- ;?;gg ii'ﬁi {;g?; ;ﬁ: }}: : g‘g‘g g";'g ;'fz i:; g;_l, g'g;
basal contact is not exposed anywhere in the quadrangle. blende-bearing diorite, and mafic dikes too small to map 2158 S468 1387 2205 1195 0190 777 347 152 302 0397
separately. Biotite-muscovite granite contains quartz 2168P 55.26 13.35 2.403 12.17 0.207 7.08 3.23 1.82 3.18 0.409
Chemical analyses were used to identify the Grande Ronde (20-30%); K-feldspar and plagioclase (60-70%) in zlmllgi 363 DN 31W LY S 8 3.38 1.84 334 0.399
Basalt as magnetostratigraphic unit R2 rather than N2 of approximately equal amounts (proportions, however, are R NN MM AN He e Al SE LB W
3 . 2 i ¥ o 486NE  54.84 13.32 2319 12.35 0.202 6.94 3.26 1.70 329 0.404
previous workers (Swanson and others, 1979). N2 basalt variable); euhedral to subhedral biotite (as much as 10%), S4SE 3461 1330 2432 1181 0.215 7.09 3.20 188 321 0.420

generally contains more than 4.5% MgO and less than 2%
TiO2. Basalt samples from the Spokane NE and SE
quadrangles consistently contain less than 3.5%

MgO and fairly consistently contain greater than 2.3 %

locally forming monomineralic clusters or clustered with
muscovite; muscovite (0-3%) present as single euhedral
crystals or clustered with other muscovite; and accessory
sphene and opaque minerals. Areas mapped as biotite-

Whole-rock, major element analyses results (weight percent) of samples determined to be Wanapum Basalt,

Priest Rapids Member, Rosalia chemical type

Total
97.92
98.73
98.82
98.79
99.08
99.11
99.23
99.49
98.62
98.17
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SPOKANE NE AND SE 7.5-MINUTE QUADRANGLES,
SPOKANE COUNTY, WASHINGTON

. - = : - : e . : Sample SIOz ARLO; TIO; FeO ManO Ca0 Mg0 K0 Na0 PiOs  Total
TiO2. Such a chemical composition better fits the chemical muscovite granite (unit Ki) may include considerable I0INE  49.54 1294 3681 1439 0234 862 425 140 273 05 9858
signature of R2 basalt (Steve Reidel, Pacific Northwest gneissic and schistose host rocks. Foliation and 10SNE 5034 1301 3693 1327 0216 878 4.08 1.25 2.78 0.784 9821
National Laboratory, oral commun., 1998). The Grande deformation sometimes obscure the distinction between :ggg :g.i_‘a’o 12.63 gggg };:(SJ 3.245 8._5’; ;:g i.‘;g 2’.;5 0.780  98.20
Ronde Basalt is between 15.6 and 16.5 m.y. old (Reidel igneous and host rocks. Scattered occurrences of horn- 79 128 ; : 336 8. ) - a7 0.793 1.76

e - 130NE 4960 1270 3685 1424 0216 877  4.00 1.19 2.66 0.792 9786
and others, 1989). blende diorite observed in the Spokane SE quadrangle I89SE 4967 1260 3645 1444 0236 853 428 126 282 0783 9826
and included in unit Ki are extensively weathered/altered AI9SE 5058 1290 3693 1371 0232 875 4.09 1.24 2.83 0.796  98.82
Miocene Sedimentary Rocks and reduced to grus. 918E #4905 1273 3681 MG  03% &5 4.15 1.41 2.69 0.798 9791
194SE  49.53 1257 3635 1486 0242 847 431 t3  an 0.786  98.49
: : - 2198E 5007 1277 3646 1460 0271  8.68 4.00 25 2.67 0.787 7
The oldest CRBG flows did not reach the Spokane area; PTOg Quartz-feldspar-mica orthogneiss (pre-Tertiary)— Light BB M6 12 O LM BN AD. a8 Ik i e oo
however, they did block the ancestral drainages and large to medium gray, medium- to coarse-grained, weak to 222SE 5061 1312 3790 1361 0221 882 438 118 273 0782  99.25
lake(s) formed. The pre-Miocene rocks were subjected to moderate foliation \.mth composnpoml banding ranging in S38SE 4949 1265  3.645 1467 0239 8.49 427 1.29 2.70 0790 9824
AOR e, Clav. wil. aad s S e thickissais fhoen 0.1 i %o several nches. The unit i & g«)gg 49.02 :g% 3622 1476 o.zs; s._sls 411 1.26 2.60 0750  98.05
adjacent highlands were deposited in the lake(s). These oomgl: S ysou s W e g SHE @10 1261 A8 M 839 4 AB  in s em ob
sediments are known as the Latah Formation. The Grande granitic bodies cut by dikes and sills of leucocratic granite/ S6TNE 4918 1266 3603 1503 0246 850 440 131 269 0777 = 9840
Ronde Basalt flows that reached the Spokane area often aplite, pegmatite, and granitic rock. Consequently, the S6SNE  49.45 1269 3611 1457 0244 851 444 129 277 0TI 9835
burrowed or sank into the poorly consolidated Latah mineralogy is variable. Typically, the unit contains 10-20 % S96SE  49.69 1268 3623 1555 0280 857 401 122 273 0816  99.17
sediments. They are called invasive flows. When quartz, 50-70% feldspar, and 5-20% biotite and muscovite. . . .
pmmed; e e s baked =AIK Whars Stitacsous silnarile ass inaes it and the mzlr:;c:cgl \2:};; ::t"(‘;}?u ;n:ﬂlysumor:culh (weight percent) of samples of undetermined
contact where they overlie Grande Ronde Basalt in the foliation more intense, the rock is a schist. Mylonite 20necs :
Spokane area (Robinson, 1991; Derkey and others, 1998). up to several inches wide are scattered throughout the unit. Sample SI02  AlLOy TIO; FeO MnO CaO Mg0 K0 NasO P05 Total
This unit differs from the mtum]y cver]yngg unit anu 190SE 52.92 14.99 4.283 9.55 0.145 8.58 2.02 1.42 319 0.902 98.00
Bl B il Mot Lt i by containing more feldsper and having wesker foliation, 2188E 5313 1459 4157 1025 0.5 891 2.58 1.44 3.07 0878  9.16
Z;ldk;ltl:ihulwy an:s lci)%ht;n t:;; foofly ti:ddt;iim:t:;:?itznt:m G Quarie Sl aubie perngnit ik Seaulils ol gorm:lizned, ;vh;la—rtl)tck, maj:; oe:;mﬂ;nt ;:iaiyse_: Fraezsulh (weight percent) of samples determined to be
depos amina " ) : . . rande Ronde Basalt, magn raphic uni
and minor sandstone. The unit commonly weathers (pre-Tertiary)--Light to medium gray, fine- to medium- .
brownish yellow with stains, spots, and seams of limonite. grained with a local mylonitic/cataclastic fabric. Lighter Sample Si0;  ALO; TiO; FeO  MnO CaO Mg0 KO  NaO  P:0s
A A A gray wlmd rock occurs in areas rich in pemuuc mlmal 184NE 56.63 14.13 2.584 10.46 0.254 7.39 2.79 1.90 333 0.532
It unconformably overlies granitic basement in the Spokane and | s Tadean o : ins 30-50% 1928E 5448 1444 1858 1063 0193 903 481 128 298 0297
SE quadrangle. Floral assemblages in the Latah Formation ongeseite. Typiosily the preaghcion coniuins ’ 193SE 5426 1426  19% 1168 0209 866 434 125 294 0432
indicate a Miocene age (Knowlton, 1926; Griggs, 1976). quartz (locally up to 80%), up to 40% feldspar, and up to 238E  S575 1353 247 1201 0316 719 316 192 331 0437
L L T i 55 St oot s i M oZs e M oS8 SR OB 1S iR M R
Formation contact north of the Spokane SE quadrangle is g eI, £ e s 2 » 3 ’ ¢ : 4 ; 1 : 2 :
about 2,290 f. The thickness of the Latah Formation in the sod gucant sns 06 wp Yo 10 of e siok. Compasitionsl S MW M4 L BN BBt AW S in  am e
Spokane SE quadrangle could not be determined; however, bands vary from 0.1 in. to several inches in width. The unit 486NE 5561 1351 2351 1252 0205 704 331 172 334 0410
because pre-Latah exposures are relatively closely spaced, is pervasively intruded by pre-, syn-, and post-kinematic S42SE 5563 1355 2477 1203 0219 122 3.26 1.92 327 0.428
there is little room for a deep basin containing a thick granitic rocks, emplaced commonly as sills along foliation . . : .
sequence of Latah sediments. The Latah is easily eroded and and less commonly as dikes. p Normalized, whole-rqck, major elements analyses results (weight percent) of samples determined to be
el .6 aly is blanketed with & cover of colluvial i : : Wanapum Basalt, Priest Rapids Member, Rosalia chemical type
and residual soils and rockfall. : In the Spokane SE quadrangle, foliation and folding increase Sample SI0; AROy TIO; FeO MmO CsO MgO KiO NaO  PiOs
to the northeast. The northeast boundary of the unit is in I0INE 5025 1313 373 1460 QBT &M - 431 L@ 177 oM
Pre-Miocene Rocks possible fault contact with unit pTog, and the southwest 105NE 5126 1325 3.7 1352 0220 894 415 127 2.83 0.80
boundary is a less well defined contact with unit Ymsr. 107NE 5020 12.86 3.70 14.87 0.249 8.67 4.48 1.37 2.80 0.79
108NE 5090 13.14 377 1416 0241 899 3.97 1.23 277 0.81
Pre-Miocene rock units in the Spokane NE and SE quad- 130NE. 5069 1298  3.77 1456 0221 89 4.09 1.22 272 0.81
sl St s comion of motomensioiod. Sathenad PTmis  Sillimanite-biotite schist with subordinate graphite- 189SE 5055 - 1282 371 1469 0240 868 436 128 287 080
: E 5 andalusite schist and quartzite (pre-Tertiary)- Light to AI9SE 5119  13.05 374 187 0238 §88 4.14 1.25 2.86 0.81
and foliated sedimentary rocks that were intruded by pre-, medium gray, fine- to medium-grained sillimanite-biotite 191SE  50.10. 1302 376 1484 028 876 424 144 275 082
syn-, and post-kinematic igneous (predominantly granitic) schist; gray to dark gray, fine-grained graphite-andalusite 194SE 5029 1276 369 1509 0246 860 438 139 275 080
rocks. The metamorphosed sedimentary rocks are mostly schist; and light gray to white, fine- to medium-grained 2198E  50.71 12.93 3.69 1478 027 8.79 4.05 1.27 2.70 0.80
quartz-feldspar rich. Some have been metamorphosed feldspathic ite ribed by Page (1942) 221SE 5087 1287 369 1452 0229 867 438 L19 2.79 0.79
80 pliibelidn-rade and ase here sapped o4 prcagneiss athic quartzite. Desc y Pag ) from 222SE 5099 1322 382 1372 0223 889 4.41 119 2.75 0.79

. ; ; . examination of underground workings of the Silver Hill . 5388E  50.38 12.88 37 14.94 0.243 8.64 435 1.31 s 0.80
(unit pTmi). Other units (Ymsr, pTmis) are lower grade tin and tungsten deposits. Color and composition can be S40SE 5000 - 1328  3.69 1506 0256 = 882 4.19 1.29 2.65 0.76
metamorphic rocks and are here referred to as meta- quite variable due to additions of igneous material S438E 5075 1335 = 3.69 1419 0244 887 4,08 1.29 2.74 0.79
sedimentary rocks. Previous authors have placed these including e § 2. aolise. st t'ite S61SE  49.45 1289 373 1568 0263 898 4.20 1.28 2.73 0.80
metamorphosed sedimentary rocks in the Precambrian SSRGS SNSRI S S S —— SETNE 4998 1287 366 1528 0250 864 447 133 273 OM

. intrusions, all of which have been subjected to varying S68NE 5028 1290  3.67 1481 0248 865 4.51 131 2.82 0.7
Belt Supergroup (Griggs, 1973; Armstrong and others, degrees of deformation, foliation, and metamorphism. S96SE 5011 1279 365 1568 028 864 404 123 275 o0
1987; Rehrig and others, 1987; Joseph, 1990); however, Quartz-feldspar-muscovite pesni-titc dikes containing
because they were not dated during this study, they are cassiterite mineralization were metamorphosed and Normalized, whole-rock, major element analyses results (weight percent) of samples of undetermined
assigned a pre-Tertiary age only. oontain andilusite snd sillisnasite. This unit differs from Columbia River Basalt Group affiliation _ :
g . it pTmi i it contains graphite-andalusite schist, Sam ALO FeO MnO CaO  MgO N P
Igneous rocks in the two quadrangles appear to be multi- m :,:,:u s;;me, and contains :: and mt;gm- 190:::;e ::g:o 15.30l 14‘(3)': 9.74 0148 876 206 :‘fs) 3..;: szs
stage intrusives because within individual outcrops some bearing pegmatite bodies. The contact with unit Ymsr is 2188E  53.58 14.71 4.19 1034  0.160 899 2.60 1.45 3.10 0.89
igneous dikes are less deformed and foliated than others. not well exposed; however, the contact was placed at a
They range from extensively foliated with development of low angle ¢ i ’“ ploration drilling of the Trace element analyses results (ppm) of samples determined to be Grande Ronde Basalt, magnetostratigraphic unit R2
augen to unfoliated, thus the pre-, syn-, and post-kinematic Silver Hill i deposits (anpublished progerty swser fles) Sample Ni Cr S¢ V Ba Rb  Sr Zr Y N» Gs Ca 2Za M Ia Co Th
designation for the granitic rocks in the quadranges. s . \ I84NE 0 22 34 366 1102 42 367 186 40 141 25 7 140 7 15 53 7
- 4 intercepted a different lithology at a shallow depth 86 7 » 3B 39 el » N 18 33 107

i 3 i 5 ; 2 22 11 3 = 50 5
Rhodes and Hyndman (1984) noted similar characteristics 938E 0 % 32 30 M 31 0 ‘5 37 139 MU B ¥ o= 7
for igneous rocks of the Spokane Dome. Most igneous Yms, Ravalli Group (Precambrian Y)-- White, light gray, or SIE (0. P ¥ WM T -W B W B sl 20 5 1 2 27 55 7
rocks of the Spokane area are believed to be Cretaceous to pale yellowish orange feldspathic quartzite, dark-gray 2SE 15 40 35 425 601 » Bl 0 36 142 2 » o 25 35 5
Tertiary in age (Weis, 1968; Griggs, 1966, 1973; Joseph, Sdeadide Sicilie vd g 268E 0 22 28 345 6% 4 306 181 % 153 23 6 134 10 26 50 5

: . eldspathic biotite vitreous quartzite, and gray-green N 6 ;. 45 3T W 50 326 186 m 159 2 9 128 s 28 52 8
1990). The orthogneiss (usit pTog) south of the Spokane siltite; fine- to medium-grained; thin- to medium-bedded ZWIE ¢ % N W M B W @ B OB B P m ' . 4
River was not dated for this study and so is assigned a pre- with some massive sections. Feldspathic quartzite 48NE 0 19 30 334 680 46 329 185 39 149 21 o 8 o 4
Ter::{y g because it could not be tied directly to dated typically contains 30-70% quartz, 20-30% feldspar, and SO 0 B B W W 45 322 181 3 139 26 £ 1 8 29 70 5
roc m area. & i i g ¥
1-5% b:g:xht; t31ln;:cctcimtanm m::rte tf".emmd less . Trace element analyses results (ppm) of samples determined to be Wanapum Basalt, Priest Rapids Member, Rosalia chemical type
; . S€ ons consist of 1o muscovite-

MG quartz . . Sample M Cr S¢ V Ba Rb  Sr Zr Y W & 5 W Pb La Ce Th
Pon-Ailiuans sork typas of e Spubus GR quadenghe rich layers that decrease in abundance to the southwest. I0INE 4 31 40 454 525 N » W 52 198 23 19 156 5 21 78 5
include gneiss, feldspathic quarczite, siltite, snd a variety Small granite (unit Ki) sills and dikes are scattered WOE 3 B M M W E ¥ W 8 W BB B g N n 8
of mnc intrusions. Metamorphism and foliation in throughout, but are too small to include at this map scale. WINE .6 33 36 45 501 3 W 50 190 2 13 155 5 36 65 6
varying degrees and extent have affected much of the rock WENE 13 3 36 4% 551 ¥ W 2 50 191 25 16 160 4 26 81 7
throughout the quadrangle, with the highest intensity in INE 3 32 %N 44 601 22 304 213 s 190 25 12 18 - 35 63 7

. g . : 19SE 2 30 37 444 42 N M 50 185 28 B’ i 4 24 7 8
““‘:li’Tm" Foliation has a fairly consistent south to AINSE 6 34 37 436 Ss2 29 29% 213 S0 197 2B 12 158 g W
southwest dip. M. 3 B T W m 30 288 209 51 190 2 9 165 5 15 85 7

199SE 3 29 41 454 509 3N . M 5 197 .M 12 159 3 n 74 6
BRE 1 ®» BN o B N ¥ W B 7 21 16 157 7 26 75 7
2198E 2 32 35 424 528 30 295 210 49 191 3 15 156 5 31 s1 4
WSE 1 N N M 27 297 208 49 193 24 10 155 10 32 74 5
208 5 3 4 M0 . B 27 e W 2 201 25 9 159 8 26 ”n 8
- S38SE 0 32 38 438 562 . W 50 188 25 TR 5 2 64 5
SNEE 2 WM W &5 B 28 303 208 4 179 23 13 152 7 27 50 6
EXPLANATION OF MAP SYMBOLS S38E 7 32 36 438 S0l 29 299 207 50 176 2 3 161 5 30 70 7
S6ISE 0 35 41 445 530 »_ W W 9 N 24 8 150 5 20 61 3
B Ta e )08 a . : S6TNE 4 38 35 434 514 30 287 208 50 192 25 21 160 8 31 60 S
Sﬁneﬁ“mﬁfrm a_l:epmxmmly located; short dashed S68NE 5 33 32 445 489 3 e W 50 194 I B N 6 g 48 4
; ! . Trace element analyses results (ppm) of samples of undetermined Columbia River Basalt Group affiliation .
- - -+« « « +« +  Faylt--Short dashed where inferred or indefinite; dotted where concealed Sample M Cr B¢ ¥ e Rb Sr Zr Y Nb Ca Cu Zn Pb T Ce Th
_ In, 19S8E 2 34 32 476 967 40 365 249 61 222 28 14 21 3 28 74 2
1 5\ Strike and dip of foliation and plunge of lineation 2E 7 B R 8 o8 36 346 240 58 226 27 16 180 10 30 74 4

2424  Water well location--Numbers correspond with well numbers on
Cross sections
561+  Basalt geochemistry sample location--Numbers correspond to

sample numbers in appendix

PLATE 2





<<
  /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 false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


