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CORRELATION OF MAP UNITS

locally; upper part of unit is equivalent in age to the Cowlitz

(upthrown) and D (downthrown) show vertical displacement;
arrows show lateral displacement on map and vertical displace-

traps may be present in structures beneath the relatively flat-lying basalts of the
Columbia River Group, as well as where sandstones of the Cowlitz Formation
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Formation in west half of map area (Rau, 1958); Foraminifera ; ‘ . Es &9 ; ; A o .
VOLCANIC AND INTRUSIVE . b ( , i ment in cross section are faulted up-dip against impermeable strata. Stratigraphic traps also may be and Wooden, J., 2014, Geologic history of Siletzia, a large igneous
SEDIMENTARY ROCKS ROCKS referred to Narizian Stage of Mallory (1959); equivalent to resent where sandstones of the Cowlitz or McIntosh Formations pinch out or province in the Oregon and Washington Coast Range: Correlation to the
— upper part of Henriksen’s (1956) Stillwater Creek Member of —_ 8— — Fault inferred from side-looking radar imagery (SLRI) E ©5¢ whe © sla« ZO f}i 7 et ovlz/ . Od : Ost O'Iti oY geomagnetic polarity time scale and implications for a long-lived
. . : : : ; ) ecome channelized in the western-facies deeper water siltstones.
Qal Holocene the Cowlitz Formation; coccoliths from lowe'r part of refera}ble —Showing sense of vertical displacement; not field-checked P v gll owstone hotspot: Geosphere, v. 10, no. 4, 28 p.,
an Qls QUATERNARY ::(z)r(rjlpmlia ZI(;I;%R' Wells sample W92-2a,b,c; D. Bukry written ——v—  Thrust fault—Approximately located; sawteeth on upper plate REFERENCES CITED doi:10.1130/GES01018.1.
Pleistocene un.,
Unconformity Tmus Unnamed sandstone (middle Eocene)—Massive to thick- Slickenlines—On fault plane, showing azimuth and plunge Addicott, W.0., 1976, Neogene molluscan stages of Oregon and Washington, in
T bedded, plane-laminated to crossbedded, friable, fine- to 12 Inclined Fritsche, A.E. (chairm'an), Ter Best, Harry, Jr., and Wornardt, W.W.,, eds., 123°30' 00" 123°15' 00" 123°00' 00"
Smp medium-grained, arkosic sandstone interbedded at base of the The Neogene symposium, selected technical papers on paleontology, 46°45' 00"
Unconformity upper member of the McIntosh Formation (Tmu) > Horizontal—Combined with fault-dip symbol on vertical faults ?dlmel}mbgi’ getrol'ogy, ?Ctomcs avnd 'g]efg)loglc }:;St?ry of t‘he P?CSIﬁC‘
Tau Tnm ‘ Tml McIntosh Formation, lower member (lower and middle oast o Ngrt merica—10morrow's o1t trom to ay's provinces. ociety
ﬁlddle Eocene)iMaSSiVe to thin-bedded and laminated, very fine- to Foldsishowing fold Crestline; Showing direction of plunge where lt Of Economic Paleontol?glsts and Mln?ralog]st?, PaClﬁC SeCthn, Proceed- CDFEEAE’T< DOTY RAF|L\‘LB|_2W ADNA
Twis locene Miocene coarse-grained basaltic sandstone, arkosic sandstone, and can be inferred; dashed where location is inferred; dotted where mlgS» Slst 1A1nnual Meeting, San Francisco, Calif., April 21-24, 1976, no.
Unconformity laminated, tuffaceous siltstone; sandstone commonly shows location is concealed A >L.p. 95~ 5'1 1 bi ot of the Lincol .
graded bedding; sandstones are less common on east flank of 4—1— Anticline rmentrout,.J.M., 975, Mo uscan biostratigraphy of the Lincoln Cree 46°38°13"
Tor Willapa Hills; interbedded in lower part are pillow basalt flows Fgrmatlon, southwest Washington, in W eaver, D.-W,, Homad?ly, GR., and
Unconformity of the Crescent Formation; Foraminifera referred to upper 4_*_ Syncline Tipton, Ann,, eds.,' Paleogene symp osium and selgcted techn1ca.1 papers-
— Middle and Ulatisian and lower Narizian Stages of Mallory (1959); equiva- Future energy horizons of the Pacific coast: American Association of
Early Miocene . , . ; ===~ Bedding in pillow lava—Showing up direction; shown only in Petroleum Geologists—Society of Economic Paleontologists and PLUVIUS PE ELL BOISTFORT CURTIS
lent to lower part of Henriksen's (1956) Stillwater Creek ’
T Oligocene Member o fthlz: Cowlitz Formati o(n ) cross-section within the Crescent Formation Mineralogists—Society of Economic Geologists, Pacific Sections, 50th
° Tlcs i . . Strike and dip of beds Annual Meeting, Long Beach, Calif., April, 1975, p. 14-48.
formi cos Basalt brgccm and sandstone (mlddlg apd lower Eocel}e)— . 12 ) ) ) Beeson, M.H., Perttu, R., and Perttu, Janice, 1979, The origin of the Miocene
Unconformity Massive to well-bedded basalt-lapilli tuff, tuff breccia, basaltic Inclined—Dips along streams in unit Qal are measured on basalts of Coastal Oregon and Washington—An alternative hypothesis: 16°30' 00"
Tsc sandstone, siltstone, and conglomerate; lapilli tuff consists of bedrock Oregon Geology, v. 41, no. 10, p. 159-166
) palagonitic vesicular basaltic glass and altered glass shards ’ ' ; : :
S . o TERTIARY commonly cemented by caleie and zeolite; graded bedding i o-  Overtumed e Saddle Mountains Basls, Colubia River Basatt Croup (CRBO) Kotiid aer | cocoway | sosworr | wiowoon
37-41 Ma' 39.6+0.5 Ma' |+ Tigm common; forms thick sequences interbedded with the lower . : . o 1 : hi bs.1: Geolosical Society of America Ab CREEK 3S
X —t Vert]caliTop side of beddlng shown by p]acement of 90 dlp in western Was mngton [a S.]. eological Society of America stracts PA PEAK
member of the McIntosh Formation (Tml) and upper part of the .
Unconformity C F . value with Programs, v. 34, no. 5, p. 33.
rescent Formation .
Chan, C.F., Tepper, J.H., and Nelson, B.K., 2012, Petrology of the Grays River
e @ Tcb Crescent Formation (lower middle lower Eocene)—Pillow flows, ® Horizontal volcanics, southwest Washington—Plume-influenced slab window magma-
Unconformity massive and columnar-jointed flow interiors, pillow breccia, o . o o o tism in the Cascadia forearc: Geological Society of America Bulletin, v.
Tmu Eocene lapilli-tuff breccia, and filled lava tubes of tholeiitic and alkalic —£ Strike and dip of igneous foliation—Shown only in unit Tig, 124, p. 1324-1338.
gﬁggz basalt; basalt groundmass altered to green and brown clays; gabbro and basalt intrusive rocks Henriksen, D.A., 1956, Eocene stratigraphy of the lower Cowlitz River eastern SKAMOKAWA | SKAMOKAWA | ELOCHMAN | ABERNATHY
- Tmus zeolite and calcite fracture fillings are ubiquitous; contains 0140  Water well with gas show—Showing total depth (TD) of well in Willapa Hills area, southwestern Washington: Washington Division of PASS LAKE MOUNTAIN
Local Unconformity minor amounts of mudflow breccia, basaltic sandstone, and feet Mines and Geology Bulletin 43, 122 p.
interbedded laminated siltstone; includes a few dikes and sills Kleibacker, D.W., 2001, Sequence stratigraphy and lithofacies of the middle
487+ 0.5 Mal | Tig not differentiated on map; unit is interpreted as faulted, Eocene upper Mclntosh and Cowlitz Formations—Geology of the Grays 46°15' 00
Tml Tosh L= M deformed, and clockwise-rotated seamount built on oceanic INTRODUCTION River Volcanics, Castle Rock—Germany Creek area, southwest Washington:
Tcbs Eﬁf}glﬁsﬂfne crust (fV\S/ells aln d Cge,tlll985),1;16n§11.a; to the S}lf:tz wae? \t]()lga;l This digital map database and the PDF derived from the database were Corvallis, Oregon State University, M.S. thesis, 219 p.
Teb Tee glils 91 ; tnave Y :;n (21 ters ( P)’ ?r amlmUeiratt' ?Omsl? erbe f_ created from the analog geologic map: Wells, R.E. (1981), “Geologic map of the Kleinpell, R.M., 1938, Miocene stratigraphy of California: Tulsa, Okla., CATHLAMET NASSA 0AK POINT COAL CREEK
53.6 2.0 Ma’" | h;allscir; (01nge589r)€~: f&i /39,zru§)gp:srofe;l; éinzoor an(? ;Ssla;li ] ggl\?[saoare eastern Willapa Hills, Cowlitz, Lewis, and Wahkiakum Counties, Washington.” i Amerlc{a/IEASJSOCll?;tézn ((;f Pletroleu;n qeOIOEI%lStS Special P/cl)llunlgelsP& 450 p. POINT
55.7+1.0Ma' |* o R o The geodatabase replicates the geologic mapping of the 1981 report with minor tvingston, V.E., Jr., » Geology and mineral resources of the Kelso-
“ reported from the unit in the western Willapa Hills (Moothart, exc ef)ti ons along wzt er bound ar% es ar% d als OPaI; ongg the north an. dI; outh map Cathlamet area, Cowlitz and Wahkiakum Counties, Washington: 16°08' 33"
1993); locally subdivided into the following: . . . . Washington Division of Mines and Geology Bulletin 54, 110
’ boundaries. Slight adjustments to contacts along water boundaries were made to ) g . gy ’ p-
Tesb Subaerial basalt—Massive to very vesicular, platy, plagioclase- correct differences between the topographic base map used in the 1981 compila- Magill, J . Wells, R.E., Simpson, R.W., and Cox, A.V., 1982, Pos't 12m.y. INDEX MAP SHOWING MAP AREA (SHADED) IN RELATION TO U.S.
phyric basalt flows and flow breccias that have weathered tops tion (analog USGS 15-minute series quadrangle maps at 1:62,500 scale) and the rotations of southwestern Washington: Journal of Geophysical Research, v. GEOLOGICAL SURVEY 7.5-MINUTE QUADRANGLES
. : : and baked and oxidized bottom contacts; interbedded with base map used for this digital compilation (scanned USGS 7.5-minute series 87, p.3761-3776.
DESCRIPTION OF MAP UNITS Meilnber of the W‘E'lnapun;)Be{sal(ti (ITWf). by dl.SCOIItll'El.Olli; ark07s;c basalt-boulder Conglomerate; basalt groundmass is in part quadrangle maps at 1:24,000 scale). These minor adjustments, however, did not Mallory, V.S., 1959, Lower Tertlary biostrat.igr'aphy of the California CF)aSt
sandstone COntalnlng carbomzed l0gs, maximum thic €88, altered to Clays, and vesicles are filled with calcite and zeolite materially alter the geologic map. No new field mapplng was performed to RangeS: Tu]saa Ok]a'9 American Association of Petroleum Ge(ﬂog]Sts
VOLCANIC AND SEDIMENTARY ROCKS m ) ) Tes Siltstone—Thin-bedded, laminated, tuffaceous siltstone interbed- create this digital map database, and no attempt was made to fit geologic Special Volume SP20, 416 p. ‘ .
Alluvial deposits (Holocene)—Silt, sand, and gravel along rivers Tal | Astoria(?) Formation, lower member (middle and early ded with pillow basalt of the Crescent Formation contacts to the new 1:24,000 topographic base, except as noted above. We McCutcheon, M.S., 2003, Stratigraphy and sedimentology of the Middle Eocene
and streams; some low-lying river-terrace deposits, thick Ml(')cene)—Thlck-. to thin-bedded, very ﬁn'e- to medlum- corrected typographical errors, formatting errors, and attribution errors (for Cowllt'z Formation and adjacent sed1m§ntary and volca}mc units in the
colluvium, tidal-flat mud, and beach sand along Columbia River grained, plane-laminated, cart?onaceous, micaceous, friable INTRUSIVE ROCKS example, the name change of Goble Volcanics to Grays River Volcanics follow- Eopng_wfllf;lsso Erea}, sgzghwest Washington: Corvallis, Oregon State INDEX MAP OF DATA SOURCES
Landslide debris (Holocene and Pleistocene)—Landslides very sandstonc'a, pasalt- apd quartzﬁe-conglomerat.e lenses .locally - Basaltic intrusive rocks (middle Miocene)—Dikes and sills of ing current State of Washington usage; Walsh and others, 1987). We also niversity, M.5. thesis, p- . 46°381‘ 2133,,30 00 123°00°00
: o common; bioturbation and slump structures in places; . . - : updated selected references, substituted published papers for abstracts, and cited Moothart, S.R., 1993, Geology of the middle and upper Eocene Mcintosh \
abundant in all rock units; Ollly largest are shown on map . . R dark-gray, aphanltlc, aphyrlc to sparse]y plagloclase_phyrlc p > p pap B . . . . . . .
L Hill F tion of Snavelv and others (1958) (Pleist Molluscan fauna referred to Newportian or Pillarian Stages of basalt intruding the Lincoln Creek and Cowlitz Formations; published radiometric ages for the volcanic and plutonic rocks. The reader is Formation and adjacent volcanic and sedimentary rock units, Willapa Hills,
ogan D; epl;n;:,tzt;;:e?j gr;l‘i:;’fa}r’l ;lslan(:i ers ( ) (Pleistocene) Addicott (1976)° could be the (invasive) Grande Ronde Basalt (Tgr) or the ’ referred to Magill and others (1982), Wells and Coe (1985), Walsh and others ;'?csn"lcl:1 C('Junzt}é,5 southwest Washington: Corvallis, Oregon State University,
— . . . . .S. thesis, .
Saddle Mountains Basalt of the Columbia River Basalt G ) Tlc Lincoln Creek Formatlon (upper Eocene apd Oligocene) . Wanapum Basalt (Twf) from adjacent flows; see Beeson and (1987), Moothart (1993), Payne (1998), Kleibacker (2001), McCutcheog (2003), Pavie. C.W.. 1998 Lil‘zh facies stratigranhy and eeol  the middle Eocen
addle Mountains Basalt of the Columbia River Basalt Group; —Tuffaceous siltstone and very fine-grained sandstone; massive others (1979), Snavely and others (1973), and Wells and others Wells and others (2009), Chan and others (2012), and Wells and others (in press) ayne, L.W., 177, olacies stratigrapfy and geology ol the ¢ bocene
Pomona Member (middle Miocene)—One basalt flow, as to thick bedded, concretionary, bioturbated, with interbeds of (2009) ’ ’ for subsequent interpretations of the Willapa Hills geology. type Cowlitz Formation and associates volcanic and sedimentary units,
much as 100 m thick west of Mill Creek; exhibits characteristic glauconitic sandstone and tuff: thin-bedded, laminated siltstone eastern Willapa Hills, southwest Washington: Corvallis, Oregon State
wavy, irregular columnar jointing; contains as much as 20 ‘0 southwesternmost eXpOSHI‘e,S' Molluscan fauna referred to Tigm | Quartz monzonite stock (late Eocene to Oligocene?)—Light-gray OIL AND GAS POTENTIAL University, M.S. thesis, 253 p. 1630 00"
percent stubby plagioclase phenocrysts, some having clinopy- Blakely Stage of Weaver (194 43. Foraminifera referred to to tan, quartz monzonite to granodiorite with blocky jointing; . - _ . Pease, M.H., and Hoover, L., 1957, Geology of the Doty—Minot Peak area,
roxene inclusions; magnetic polarity is reversed (Magill and Refugian and Zemorrian Stages ’oleeinpell (1938)* contains inclusions of the Grays River Volcanics (Tgv); Commercial quantities of natural gas were discovered at Mist, Oregon, Washington: U. S. Geological Survey Oil and Gas Investigations Map
others, 1982); chemistry? is equivalent to that of Pomona . . hypidiomorphic-granular, granophyric, and porphyritic textures; about 10 miles south of the map area, while this mapping project was in OM-188, scale 1:62,500.
Member (Swanson and others, 1979; Wells and others, 2009); Tles | Sandstone at base of Lincoln Creek Formation (late Eocene)— see Livingston (1966) for chemical analysis; U/Pb age is progress [1979]. As a result, the eastern Willapa Hills are a target for oil and gas Rau, W.W., 1958, Stratigraphy and foraminiferal zonation in some of the
unit locally includes underlying flow of Huntzinger of the Massive to thick-bedded, moderately well-sorted and indurated, 39.6+£0.5 Ma (J. Wooden, written commun., 2003; Wells and exploration. The Mist gas field and the southern Willapa Hills face each other Tertiary rocks of southwestern Washington: U.S. Geological Survey Oil
Saddle Mountains Basalt in Abernathy and Germany Creek fossiliferous, dark-gray, fine-grained arkos1c'tc? basaltic others, in press) across the broad, east-west-trending Columbia River syncline that forms a low and Gas Investigations Chart OC-57.
drainages (Beeson and Tolan, 2002; Wells and others, 2009); destone, M;)éluscan;ailpa rel:fe;red to ?alvmlan ?;Z%‘e of - Basaltic intrusive rocks (Eocene)—Dikes and sills of medium- to point in the Cgast Ra'mge u.plift.. o ' o Snavely, P.D., Jr., Brown, R.D., Jr., Roberts, A.E., and Rau, W.W., 1958,
basalt is overlain by deeply weathered basalt conglomerate rmentrout (1975) and Lincoln Stage o Weave.r ( ) fine-grained aphyric to extremely porphyritic basalt; many ' The st.ratlgraphlc section is similar on both 51d.es of th? Columbw} River, but Geology and coal resources of the Centralia-Chehalis district, Washington:
containing ferruginous bauxite deposits (Livingston, 1966) Tsc Slltstong of Skamokawa Creek (!ate Eocene)—Thlq—bedded, related to the Grays River Volcanics (Tgv), but some may be fac1e§ relations may be more complex on the. Washlpgton side. The thick U.S. Geological Survey Bulletin 1053, 159 p.
Astoria(?) Formation, upper Member (middle Miocene)—Thick laminated, burrowed, concretionary, tuffaceous siltstone; older Cowlitz Formation deltaic- and shallow-marine sediments of the type area Snavely, P.D., Jr., MacLeod, N.S., and Wagner, H.C., 1968, Tholeiitic and
. 9 — = . . . . . . : . . . .
to thin-bedded, friable, very fine- to medium-grained, mica- :(??ltalreli ﬂ;rrtl géf;k;isi;;l gizczs(’)?ﬁ:ﬁizm 1(:10 ;gr;l)mlfera referred Tig Gabbro and basaltic intrusive rocks (middle or early Eocene)— E}Yr?zgeri’dll 9307)tl?éi;i?:Ojsﬁzieugeoni:?:blzzzrgSSQE?;;Z?EE&?)ES szrfetr}lltely alkah(.: basalts of the EoF:ene Siletz River Volcanics, Oregon Coast Range:
ceous, arkosic sandstone and silty sandstone; plane-laminated, If’P 0 : © ry- Massive to blocky and columnar-jointed, fine- to very-coarse same ap e }{"his rapid fa’cies chan ey is ma P ed acro};s the gently south-plungin American Joumal of Science, v. 266, p 434 481. i it
thin-bedded micaceous siltstone, some having large, low-angle fov Grays ver Volcgnlcs (late Bocene) — Subacrial basalt flows and grained gabbro sill complex; marginal facies are basalt and nose ofg tﬁe easterﬁ Willapa Hillsgu lift v5111)ich is coincideé;lt wi}‘lch the a)P:is o% thi Snavely, BD., I, Maclcod, .5, and Wagner, e 1'973’ MIOCCI’}C tholeiiti
cross bedding sets; large channels in siltstone filled with very interbedded siltstone and sandstone; flows show columnar and have well-developed columnar jointing, whereas interiors are Coast R v hi P;l Th Wpll o il | hich have b basalts of coastal Oregon and Washington and their relationship to coeval 46°15' 00"
coarse sand and transported siltstone blocks; convolute bedding platy jointing, weathered flow tops, and oxidized, red basal-flow very coarse grained to pegmatitic; gabbro and basalt are oast Ranges gravity high. The Willapa Hills structural high may have been an basalts of the Columbia Plateau: Geological Society of America Bulletin, v.
and slump structures common; fossils not yet found in unit breccias oyerlying bakeq and altered sedimen't oy intert?edS; vesicular and typically flow-banded, result of planar concentra- {a)ztsl;;le t:(c)‘lczzéc fziglgz(;?rf;%ﬁgt :;::f O;igfﬂ?f;ig;ﬁiﬁ a%/ Olixztf;?ggiled 814 > P 387-424. | d Land | .
Nonmarine sedimentary rocks of Snavely and others (1958) basalts, which are aPhyﬂC to Qensely porphyritic, FQHtam tions of vesicles and (or) crystal sorting; interstitial glass beneaﬁl subagyrial rocks of the G rlz S Ris er Vol c.ani cs of latest Narizian ace Snav;: y, P.D., Jr., Pearl, J.E.,]an dLanler,'Dl.lL., 377’ h}llterlm report.on pe;ro-
(middle Miocene)—Poorly consolidated siltstone, sandstone, phenoc'r}fsts of plaglpclase, clmopyroxel.le, angl ohvmg; generally altered to green clays, and vesicles are filled with b I Yd " o £e, ; eum resources potentia and geologic hazards in the outer con‘qnenta
and conglomerate; contains fossil plants Foraminifera from siltstones beneath unit and immediately clay, calcite, or zeolite; gabbros intrude upper part of the which are n turn overlain by more deep-water silstones In the western part o shelf—Oregon and Washington Tertiary province: U.S. Geological Survey
W ’ o ) overlying it are referred to upper Narizian Stage of Mallory Crescent Formation and along contact between the Crescent the map area. Sandstones of the Cowlitz Formation above the Grays River Oil and Gas Investigations Open-File Report 77-282, 64 p. N 1508 35"
anapum Basalt of the Columbia River Basalt Group; (1959); “Ar/*Ar ages of 42 to 37 Ma reported in Chan and . ~ Volcanics are not exposed, but they may be present in the eastern part of the map Swanson, D.A., Wright, T.L., Hooper, P.R., and Bentley, R.D., 1979, Revisions
. . . > Formation and the lower member of the McIntosh Formation . ; SUEs M, VY > Lo > LB SR, B >
Frenchman Springs Member (middle Miocene)—At least others (2012); called “Goble Volcanics” in Wells (1981) ~ area beneath the Lincoln Creek Formation. in stratigraphic nomenclature of the Columbia River Basalt Group: U.S. - - -
two flows of fine-srained basalt and associated flow b ; ’ (Tml); some gabbro and basalt that intrudes the Crescent . . . . : X R.E. Wells, field mapping 1978-1980, assisted by
g lated tlow breccia, . . . . . . . The thick, friable arkoses of the Cowlitz Formation and the basal arkoses of Geological Survey Bulletin 1457-G, 59 p. R. Miyaoka, B. Cope, and T. Plake
havine total thick £100 m: fl h ll-develoned Tc Cowlitz Formation (late and upper middle Eocene)—Massive to Formation may be part of the Crescent Formation magmatism; ! ; : n| , _ B, ’ :
g ickness o m; flows have well-develope . . . . . the upper member of the McIntosh Formation have good reservoir potential, and Walsh, T.J., Korosec, M.A., Phillips, W.M., Logan, R.L., and Schasse, H.W.
lonnades. that have straieht-sided columns as much as 2 m in thin-bedded, plane-laminated and cross bedded, friable, very some may be younger and related to the Grays River Volcanics h h ¢ likel  rocks to be found at denth. Siltst fth > Ll C) » PS5 g » Py ’ ’ [ | snavely and others, 1958
’ : : : . . . ic m ington— rant: ington
Z(i)a?r?;Zr' flows are very s garsel lagioclase-nhvric. with fine- to coarse-grained, micaceous, arkosic sandstone; interbed- (Tgv); ““Ar/®Ar age of 48.7 Ma from sills reported west of map Me)I/ ireh © r;l(()js 11'? yFreser\;fnr rocks bo © tm[l)rll at dep li sborseﬂslo b © 1987, Geologic map of Washington—Southwest quadrant: Washingto
’ 'Y Sparsely p 'g -phyric, wi ded, laminated, micaceous, carbonaceous siltstone, tuffaceous area (Moothart, 1993) cintosh and LOWIitz Formations may be Sultable Source rocks, but they have Division of Geology and Earth Resources Geologic Map GM-34, scale |:| M.H. Pease and L. Hoover, 1957
phenocrysts as much as 1.5 cm long; magnetic polarity is siltstone, and very coarse-grained basaltic, andesitic, and not been tested for source-rock potential. In general, source rocks in the Coast 1:250.000
normal, and chgmlstry matches the Frenchman Sprm‘gs Member tuffaceous sandstone: thin subbituminous coal as much as 30 cm Rad10@etr1c and coccolith ages c1jced 1’n Description of Map Units Ranges haye marginal to adequate organic richness, but they are commoply Weaver, C.E., 1937, Tertiary stratigraphy of western Washington and northwest- |:| Henriksen. 1956
on the Columbia Plateau (Swanson and others, 1979; Wells and ) . . 2 Chemical analyses of the Columbia River Basalt samples by P. R. thermally immature (Snavely and others, 1977). However, source rocks in the ern Oregon: Seattle, University of Washington Publications in Geology, v
thick north of Abernathy Mountain; see Livingston (1966) for . . . . . : ’ > Ve ,
others, 2009) .. o . Hooper southern Willapa Hills may have been subjected to higher heat flow during late 4,266 p. |:| W.W. Rau, unpublished map,1952
L. additional coal localities; see Payne (1998) and Kleibacker E lcani dpl . ated with the G River Volcanics. Th ’ ) ) ) )
Grande Ronde Basalt of the Columbia River Basalt Group (2001) for facies analysis of this unit and adjacent units; 3 Identification of Molluscan fauna by Ellen James Moore N?clene ‘l’lo ce(llné:sm elm g utonism a;somatg ‘th the N 1ays River o 10311111‘3& e Weaver, C.E., and others, 1944, Correlation of the marine Cenozoic formations |:| VE. Livingston, 1665
(middle Miocene)—One or more flows of dark-gray, aphanitic, Foraminifera referred to upper Narizian Stage of Mallory (1959) 4 Identification of Foraminifera by Weldon W. Rau Clntos and Low 1tz Formations have abundant herbaceous material that may of western North America: Geological Society of America Bulletin, v. 55, - '
aphyric basalt that has well-developed entablature; overlain by Basalt b . af late and iddle E Basal have PTOV{ded a source for natural gas. _ no. 5, p. 569-598. |:| Not mapped
three or four flows of light-gray, sugary, fine-grained aphyric Tev asabt reccia anc (;lws (late da,n upper ml: aie bogsng),i hasa t A series Qf en echelon n(.)rthwes.t-trendmg fPIdS are present on the south Wells, R.E., 1981, Geologic map of the eastern Willapa Hills, Cowlitz, Lewis,
basalt with well-developed colonnades; flows locally pillowed Crec??’ I;laSSIV:‘ OV;IS an Cn;trus;'veégc interbedded in the EXPLANATION OF MAP SYMBOLS ﬂagk of the Willapa Hills uplift. Their structure is complex; the fold axes ' Pacific, and Wahkiakum Counties, Washington: U.S. Geological Survey
at base; hyaloclastite abundant west of Skamokawa; magnetic owlitz Formation along L-ofumbia IIver . o typically are offset by numerous cross faults. Some of these structures merit Open-File Report 81-674, scale 1:62,500.
polarity is normal, and chemistry of upper three flows is similar Tm | Undifferentiated McIntosh Formation and sandstone (Eocene) Contact—Approximately located; dashed where location is inferred; further investigation for their petroleum potential. The Wilson Creek uplift may Wells, R.E., and Coe, R.S., 1985, Paleomagnetism and geology of Eocene
to high-Mg flows at the top of the Grande Ronde Basalt of the —Inclu.des the upper and lower members of the McIntosh dotted Wh.ere location is concealed. Queried where uncertain (in have glosure, and several cross faults may have created local traps across the volcanic rocks of southwest Washington—Implications for mechanisms of
Columbia Plateau (Swanson and others, 1979; Sentinel Bluff Formation (Tmu and Tml, respe?tlvely) and .the unnamed 2 cross section only) plgngmg structure. "Mar. Sh gas" has been re?ported from a 140 ft water well tectonic rotation: Journal of Geophysical Research, v. 90, p. 1925-1947.
Member, Wells and others, 2009); chemistry of lower flows is sandstone (Tmus); shown only in cross section at depth :—1—80— Fault—Approximately located; dashed where location is inferred; drilled near the axis of this structure (Washm'gto.n State Dept. of Natural Wells, R.E., Niem, A.R., Evarts, R.C., and Hagstrum, J.T., 2009, The
similar to low-Mg flows of the Grande Ronde Basalt on the Tmu MclIntosh Formation, upper member (late and middle dotted where location is concealed; showing dip of fault plane Resources well log 69-559; written communication), but the gas may be a result Columbia River Basalt Group from the gorge to the sea, in O'Connor,
Columbia Plateau; flows are separated by basaltic conglomerate Eocene)—Dark-gray, massive to laminated, thin-bedded, where known; vertical fault shown by bar across fault; paired of decaying organic material beneath a relatively impermeable cover of J.E., Dorsey, R.J., and Madin, LP., eds., Volcanoes to vineyards—
and basaltic to arkosic, fine- to very-coarse sandstone and tuffaceous siltstone, silty sandstone, and arkosic sandstone; arrows and letters on opposite sides of fault show inferred sense lanfiSI}de debris. The Arkan§as Creek uplift is apother comp.lexly faulted ) IC\}Ieotlg gic tﬁeé}d tlr 1Ps tl}rosugh :he ?}Zlaml.c la{:lflsl%a%c ch ﬂies Pac17ﬁ3c7 774
siltstone; separated from the overlying Frenchman Springs basalt-cobble conglomerate and slump breccias are found of relative displacement in vicinity of symbol; letters U anticline that may have a thick Eocene-age section beneath it. Other possible orthwest: Lyeological society ot America rield Luide 15, p. 75/=//4,
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