STATE OF OREGON

DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES
RUARRI J. DAY-STIRRAT, STATE GEOLOGIST

https://www.oregon.gov/dogami

INTRODUCTION

The Adams 7.5’ quadrangle in Umatilla County of northeast Oregon includes an area of 134 square kilometers
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PLATE 2

EXPLANATION OF MAP UNITS

Milton Freewater Fault Zone (continued w S w w 77T Elevati UPPER CENOZOIC SURFICIAL DEPOSITS : : :
g . . . . o o o 0 o \ YR tion (ft -
(km?) at the eastern edge of the Columbia Plateau, a broad depression forming the northwestern flank of the Blue ( ) the Columbia River Basalt Group, in Reidel, S.P, Camp, V.E., Martin, M.E., Ross, M.E., Wolff, ].A,, Martin, B.S., Tolan, TL., and 3 1232 ) A 121 . 119 117 a 10 AN 47 ) M“ton\ eva :’;7(8) Disconformity—Mabton Member of the Ellensburg Formation
Mountains (Figure 1). The oldest rocks in the map area are part of the ~17- to 6-million-year-old Columbia River , . . . o . Wells, RE, eds, The Columbia River Flood Basalt Province: Geological Society of America Special Paper 497, p. 45-66, ' Mount Baker ) j2/ I % AULp  Freewater ’ i i i — i
Basalt Grou(p (%:RB G)) a succession of tholeiitic baSalt and bals)altic andesite lava flows crop};ing out over more than Wildhorse Creek Fault—The Wildhorse Creek Fault is an entirely concealed N25°W-striking normal fault mapped https://pubs.geoscienceworld.org/books/book/661/chapter/3807104/Eruption-chronology-of-the-Columbia-River-Basalt Northern Cascades Olcimagem iglalemdls animiiss DL S N gyt 4 mf)(iern dﬁ“ tafnd lconstruftlo? ;:iaten?tl (lflpperl Hol(;cgne) d Un;olm{)actedd to_ endglneerid an(;i Wanapum Basalt
210.000 km2 i t' fWashineton. O Idah d Nevada (Reidel and others. 2013a: Fi 1 2: Plate 1 beneath the unnamed NNW-trending shallow valley underlying Waterman Road between Waterman and Athena ,accessed December 16, 2025. W Rirg W reintorced artilicial or constructed deposits ot poorly sorted and crudely layered mixed gravel, sand, . , . . .
Th ‘ RB i lln pir o 1 n bm%’lm'l’ cone t Ha 10» on 1 e oss }? “nap area 4 d Pl stooene ’d’H la - in the northeast part of the Adams 7.5’ quadrangle (Swanson and others, 1981; Figure 3, Plate 1). McClaughry and Blakely, RJ., Sherrod, B.L., Weaver, C.S., Wells, R.E., and Rohay, A.C,, 2014, The Wallula fault and tectonic framework of AC/acier Peak BT clay, and other engineered fill (Plate 1). Ar.eas mappe(_i as Qf are generally aSSOCIaFed with _road The Wanap.um Basalt in the Adams 7.5 quadrangle consists of lava flows assigned to the Frenchman Springs
e C G is largely overlain by Pleistocene to Holocene loess across the map area and Pleistocene and Holocene Azzopardi (2023) mapped this fault south through the Athena 7.5’ quadrangle where it is paralleled by Wildhorse south-central Washington, as interpreted from magnetic and gravity anomalies: Tectonophysics, v. 624, p. 32-45, - 480 ; . , embankments, dams and le\{ees, cu_lvert flll.S, and n}lned land (Plgte 1). Oldgr fills are likely Member (Figure 2). In the map area, Wanapum Basalt differs from the older Grande Ronde Basalt by the presence
alluvial units on valley floors (Plate 1). Three major fault zones converge in this part of the Columbia Plateau, . : —n-the. : https://www.sciencedirect.com/science/article/abs/pii/S0040195113006501?via%3Dihub, accessed December 16, 2025. , uncompacted versus newer fills, which are likely engineered and reinforced using geotextiles or of widely scattered to conspicuous large plagioclase phenocrysts and markedly higher titanium contents (Figure
. . _ g . g and Eagle Creeks. Evidence for a concealed fault includes mapped down-on-the-west vertical offset of CRBG ' ; ; . DG / o . ; o - )
including the WNW-striking Wallula Fault Zone, NNW-striking Milton-Freewater Fault Zone, and the NNE-striking strati hy al its | . . . Blakely, R.J., and Sherrod, B.L. and Weaver, C.S., 2020a, High-Resolution Aeromagnetic Survey of the Pasco Area, Washington iy ° v, retaining structures. The thickness of fill deposits is as much as 30 m. Qf is assigned as late Holocene, 7, Table 1). U-Pb ages from silicic tuff interbeds between lava flows on the Columbia Plateau constrained the
. . . graphy along its length, apparent vertical offset of CRBG flow stratigraphy in water wells UMAT 1462 and ) . ‘ . Mountains /‘-’ 11 / e ;
Hite Fault Zone (Hooper and Conrey, 1989; Kuehn, 1995; Hutter, 1997; Reidel and others, 2013b; Reidel and / . . s and Oregon: U.S. Geological Survey data release, https://doi.org/10.5066/P96U1HY0, accessed December 16, 2025. ‘ ttle Spokane ) ranging in age from the late 1800s to recent times. eruption of the Frenchman Springs Member between 16.1 and 15.9 Ma (Kasbohm and Schoene, 2018; Kasbohm
. . . UMAT 57710 (Athena 7.5’ quadrangle), and a corresponding NNW-trending aeromagnetic lineament (Blakely and - : L : : P AN p pring : : ’ ’
others, 2021; McClaughry and Azzopardi, 2023; Madin and others, 2023; Figures 1, 3). Blakely, R.J., Sherrod, B.L., Glen, ].M,, Ritzinger, B.T,, and Mills, PF, 2020b, High-Resolution Aeromagnetic Survey Over Pendleton, / I3 d oth 2023). Additional “°Ar/3°Ar datine bv Baksi (2022) furth fined th ti fth ti f
’ ’ Pes . ’ ’ ’ others, 2020a,b; McClaughry and Azzopardi, 2023; Figure 3, Plate 1). The Wildhorse Creek Fault was also : . : ) : - ‘ - 488 and others, ). itional *?Ar/*°Ar dating by Baksi ( ) further refined the eruption ages of the entirety o
The Oregon Department of Geology and Mineral Industries (DOGAMI) mapped the geology and structure of the Oregon, and Surrounding Areas: U.S. Geological Survey data release, https://doi.org/10.5066/P9V23]A6, accessed S balones <1 the F h Spri Member to ~16.1 Ma. The W. Basalt i bdivided in th into th
p . . . 4 . . recognized as a negative anomaly in high-resolution aeromagnetic data extracted along a ground transect by December 16, 2025. S xon aliense Siope landslide deposits (upper Holocene)—Unconsolidated sand and silt and more coherent slump e Frenchman Springs Member to . a. The Wanapum Basalt is subdivided in the map area into the
Adams 7.5" quadrangle between 2021 and 2024. Detailed geologic mapping of the Adams 7.5’ quadrangle is a high iseh and oth in th h fthe Ath 5/ d ) ) ’ . . - . o § LoV Mount J'lﬁg . . . . following units:
riority for the Oregon Geologic Map Advisory Committee because it supports long term goals for conserving and Staisch and others (2022) in the southern part of the Athena 7.5’ quadrangle. Bjornstad, B.N., Fecht, .K.R., Pluhar, C.J,, 2001, Long history of pre-Wisconsin, ice age cataclysmic floods: evidence from 0 Rainier 1&;1’ i 4 ® Town blocks deposited at the base of steep Qlo slopes in Sand Hollow (Plate 1). Qls is assigned a Holocene
Is)ustainin water resources, as well as reducing risks from natural hazards such as earthquakes. Our mapping was McClaughry and Azzopardi (2023) used stratigraphic data from water wells UMAT 1462 and UMAT 57710 to southeastern Washington state: Journal of Geology, v 109, no. 6, p. 695713, - ' o, Rl 5 Wl TF USGS age as Qlo deposits forming head scarps contain ash and lapilli derived from the ~7700 cal. yr B.P. Frenchman Springs Member
U orteg in part by a erant from the STATEMI%P component of the U.S. Geological Surve q(USGS.) Nation.glpCoi or- interpret Wildhorse Creek Fault as an ~75°SW-dipping normal fault with vertical, down-on-the-southwest offset https://www,journals.uchicago.edu/doi/10.1086/323190, accessed December 16, 2025. ' S Willapa Southern Cascades alj,]e m 24k Quadrangle Plinian eruption of Mount Mazama (Bacon, 1983; Stuiver and others, 1998; Zdanowicz and others, . . o ] .
atif)zz Geolo iE Ma Y if Program (NCGMP) under (f)oo crative a I:e.ementgGZZACOOgOAL The State of Orep on of the CRBG section. Vertical offset ranges from ~30 m in the southern part of the Athena 7.5" quadrangle to ~60 Br(g:he;T.M.l,(and Shehrr%i BL, 23\,18,}llpten51t]13es,(;\ftelrjsgzc_kBSﬁ?ugncis,hanéi t'he L;)ca.tlolnsothe 19&6 MllFon-Frle()egvater Hills Mount  Mount _ 2 HFS River 1999; Bacon and Lanphere, 2006; Bacon, 2008; Egan and others, 2015; Bacon and Wright, 2017). Basalt 9f Sentinel Gap (lom./er Mlocene).—Flow-on-ﬂow sequence of high-titanium and lI‘OIl-.I‘ICh basalt lava
R ovided ad%itionglzungds thrgough et p g . g m at the city of Athena. Between the city of Athena and Waterman, down-on-the-southwest offset of Tsu along the 2;:;4 %11631; near the Oregon-Washington Border, U.S.A.: Bulletin of the Seismological Society of America, v. 108, p. QL St Helens  Adams Yukulr;:z“Fold \ fllgws (15102 =650.89;53.71 weight percegt; T1}(1)2 = 3.00—3.3((;we1g}k11t percent; l;zgs Z((;.SS—;).SI‘) we(light p{srcgnt; n=
. ; ; ; Muci ; - ’ A~ d - i analyses, 6 outside map area) mapped in the western and southern parts of the Adams 7.5’ quadrangle (Figures
The chief objective of this investigation is to provide an updated and spatially accurate geologic framework for YX‘I,\I,(:}FI(()(rjse%elzl\jaF;gl\,t\;Ileaacsjlgz E?r?;;lg)og?ﬁ??ulri‘iaog?}/]veo; :iltls( l;lir;:r(eB;s;i; tc;lf 15)1111151;)t ((J)rflttﬁl:‘\//vvﬁzthﬁinéizzﬁ https://pubs.geoscienceworld.org/ssa/bssa/article-abstract/108/5A/2594 /547752 /Intensities-Aftershock-Sequences-and L 460 8] Astoria Y A g . 4 Belt W ,) - — 222:22:2 :ﬁt alluvium (Holocene and Upper Pleistocene)—Unconsolidated massive to variably stratified and 2,7; Ta}t,)le 1; Plate 1, chS)S seczions%?The stratigraphically lowest gelc))logic unit cropping mgc in the gAdaEm’(:r 7.5
the area as part of a multiyear study of the geology of the larger Walla Walla River basin. Additional key objectives i ; ) . . -the-Location, accessed December 16, 2025. ' MHFZ /2 old be - - ifi i i 1 i . i
of this projepct are to 1) ma}\Ip indivi d}ilal CRBgG lav;g}f,lows and frosscutting faults to determine lava flow d};stri]bution Fault in the northeast corner of the map area, the contact between Tsu and the Basalt of Sentinel Gap (Twfsl) is Busacca, A.J,, 1989, Long Quaternary record in eastern Washington, U.S.A,, interpreted from multiple buried paleosols in loess: S Y g ,a\g\ﬁ\a? Pendleton ;‘ cross .Sttrztlfﬁwd dglr av el, ;la r:d, 1511;’11?1(1 clay fma.r;ped . 1r11 :ng a¢.i];1 ant lt(o sF:eam lcharlllnels and dmi quadrangle 1S the IOW phosphorous lz?va flows (Twfsl) tha.t form the upper part of the Basalt of Sentinel Gap (Plate
fault offset. fault hist d bl thauake hazards in thi ¢ of the Walla Walla River basin of north t‘ inferred and mapped at an elevation of 580 m (Figure 2, Plate 1). Just east of the fault, an outcrop of Tsu (lower Geoderma, v. 45, 105e122, https://www.sciencedirect.com/science/article/abs/pii/0016706189900451, accessed GCF \ PB , Y ° associated floodplains (Plate )-_ ickness of unt Qais 0 6 m; bedrock units are locally exposed a 1, cross sections). Dikes correlated w1th.the Basa}lt of Sentinel Gap’ (Twfsl, Twfsh) have been mapped bet\/\./een the
ault otise ’dazu hls ory, an [})10551 € ear hcllu? € hazar ks md Is plar -0 Z. alla Walla H{Ver hasgl. 0 _r:)or. easf lava flow, Basalt of Umatilla) in the creek bottom along Waterman Road is at an elevation of 570 m (Figure 2, Plate December 16, 2025. p t|TBC| BV ‘ HRF Lare® &e& JTHFS = 16 Pendiéton Map the bases of stream channels within areas mapped as unit Qa. Qa is assigned a Late Pleistocene to Thorn Hollow and Saddle Hollow faults in the adjacent Athena 7.5’ quadrangle (McClaughry and Azzopardi, 2023).
Oregon, and 2) c e.lra-cterlze the stratigraphic ramework and geologic con itions contfo ing the distribution o 1, map nos. G46 and G47, Table 1). Tsu does not crop out west of the fault. CRBG lava flows dip ~0.5° to the SSE in Bush, J. H, Jr,, Morton, J. A, Anderson, ]. V., Crosby, ]. W, 11, and Siems, B. A., 1973, Test-observation well near Walla Walla, Q or ag i P & . W T NS Extent Holocene age; the unit includes terraces hosting ash and lapilli derived from the ~7700 cal. yr B.P. The Basalt of Sentinel Gap (Twfsl, Twfsh) is distinguished from the underlying Basalt of Sand Hollow (Twfh) by
water resources within the CRBG. CRBG-hosted aquifers provide a critical water supply in the map area and more this area. The Tsu—Twfsl contact is at an elevation of 488 m in the city of Athena water well UMAT 57710 Washington—Description, stratigraphic relationships and preliminary results: Washington State University College of T~ i e o> La Grande 2Ry renglision Plinian eruption of Mount Mazama (Bacon, 1983; Stuiver and others, 1998; Zdanowicz and others, its relatively higher amounts of titanium (avg TiO, = 3.07 weight percent) and phosphorus (avg P,05 = 0.60 weight
widely across the Pacific Northwest (Piersol and Sprenke, 2015; Johnson and others, 2024). Textural and ) L 3 o ] Engineering Research Division Research Report 73/15-66, 1 v. e \ % N / OREGON 1999; Bacon and Lanphere, 2006; Bacon, 2008; Egan and others, 2015; Bacon and Wright, 2017). percent) and lesser amounts of chromium (avg Cr = 17 ppm; Figures 2, 7; Table 1). Thickness of the Basalt of
. . ) : g . . (McClaughry and Azzopardi, 2023). Projecting this contact up-dip to the north-northwest would place the h K o huffling the Columbia Ri It chronol . \ 8 A0S BG . / (N ) i . X o
geochemical analysis of cuttings obtained from several water wells drilled in the greater Milton-Freewater-Athe- _ _ . . . Cahoon, E.B,, Streck, M.]., Koppers, A.A.P, and Miggins, D.P, 2020, Reshuffling the Columbia River Basalt chronology—Picture Jefferson o R ° ‘ Areas mapped as Qa may contain human-made debris or artifacts as well as other deposits modified Sentinel Gap (Twfsl, Twfsh) is as much as 165 m in the southern part of the map area and 125 m across the
na-Adams-Helix area provides new information essential for improving interpretations of the subsurface CRBG Tsu—Twisl contact at ~535 m elevation directly west of the Wildhorse Creek Fault (see map nos. G46 and G47). If Gorge Basalt, the earliest- and longest-erupting formation: Geology, v. 48, p. 348-352, https://doi.org/10.1130/G47122.1, T~ b o Baker bv humans such as excavations. roadwavs. and eravel pits th t of th Plate 1 ti Typical hand 1 dium dark N4 to dark
stratigraphy and structural geology of the region (McClaughry and Azzopardi, 2023; Madin and others, 2023) Tsu is <10m thick directly east of the fault, then the amount of vertical down-on-the southwest offset of the accessed December 16, 2025. O " (GRF &Q&“ ol B City y ) S, g pIts. northern part of the map area (Plate 1, cross sec }OUS)- ypical hand samples are medium dar gray( ) to dar
Prgimgr yma referencefcons%l};te d durif this stud ‘(i;nd}; de workspb H'O ens'on (1964) Newcor'nb ( 19.65) Tsu—Twfsl contact across the fault is ~20-30 m in this area. The direction and amount of vertical offset are Cahoon, E.B,, Streck, M.J., Koppers, A.A.P, 2023, Picture Gorge Basalt: Internal stratigraphy, eruptive patterns, and its ( & . U s Magnetic Anomaly (uT) . . ) gray (N2) ?nd aphyr 1c to very sparsely porphyritic with <1 percent volume clear to pale yellow15h orange (10YR
Walk 19y73 g doth 1981 Kg h 199?__’, Hutter (1997 }}; g 2006). F ’ dEly (2006 d‘ similar to those recognized by McClaughry and Azzopardi (2023) along this fault in the Athena 7.5’ quadrangle. A importance for understanding Columbia River Basalt Group magmatism: Geosphere, v. 19, no. 2, p 406-430, S S ®p ineville John Day l’/teo Qaf fan dc_eposus (Holocene .amd Upper.Plelstocene)—Unconso.hdated, poorly sorted, poorly graded 8/_6] plagloclase. microphenocrysts and pl.lenlocry.sts S7. mm and <2 p.ercent valume grlaylsh black (N2)
Mad.er ( 4G )’t wanzs(())(1)17ans 0.1 .e;s ( ti ), fue n (h ). lii 1\7 E{ ) 16;131; ( id d)‘ ililns anc =y ( ¢ ),an Pleistocene age for the latest offset on the Wildhorse Creek Fault is indicated by the structural juxtaposition of Tsu https://pubs.geoscienceworld.org/gsa/geosphere/article/19/2/406/620369/Picture-Gorge-Basalt-Internal-stratigraphy, | S o % -281 dep_051ts of gravel, sand, silt, and. clay in fan-sha.ped a_ccumulatllons at the mouths of sma_ll and steep cllnqpyroxer}e m1crophen0c1?ysts, enclosed. w1th1.n a .flne-gra.uned hololcrystalllne to hypocrystalline groun(?mass of
al .11'{ an ( ei gey.(. )- Soil informa 19n rf)m Johnson an. akinson ( . ) al_ ed with mapping Quaternary and Qlo in the map area. accessed December 16, 2025. 44 Q~ Bahd ontariol 179 drainages (Plate 1). The local thickness of Qaf is variable but is commonly <15 m. Qaf includes fan plagioclase, intergranular clinopyroxene, iron-titanium oxides, and intersertal glass. The Basalt of Sentinel Gap
surficial units. Additional references are cited in the Explanation of Map Units and in the DataSourcePolys feature Cohen, K.M,, Finney, S.C., Gibbard, P.L., and Fan, ].X., 2013 (updated 2015), The ICS International Chronostratigraphic Chart: ® y 105 deposits of Late Pleistocene and Holocene age. (Twfsl, Twfsh) has normal magnetic polarity and an age between 16.1 and 15.9 Ma (Figure 2). Subdivided in the
class in the geodatabase. . . o o Episodes 36, p. 199-204, https://stratigraphy.org/chart#latest-version, accessed December 16, 2025. Mount » 49 map area into the following units:
The core publication products of this study are plottable geologic maps and cross sections (Plate 1), an Esri Duroc Road. Fault—The Duroc Road Fault is an en,tlrely concealed N-N10 W-Stl‘ll'(lt.lg no.rmal fault Parallelleq by Darin, M.H., McClaughry, ].D., Azzopardi, C.J.M,, Franczyk, ]. ], and Madin, L.P, 2025, Oregon Geologic Data Compilation, release 8 & G6chelor Ny bern 1'01‘4 <z 0IG -12 loess (Holocene to lower Pleistocene)—Chiefly pale yellowish brown (10YR 6/2), micaceous
. - . - . Duroc Road in the northwest part of the Adams 7.5" quadrangle (Plate 1). The fault joins with or terminates against [0GDC-8] (statewide): Oregon Department of Geology and Mineral Industries Digital Data Series 0GDC-8 (supersedes all & f Ve Lay, P y pale y ¢ ’
ArcGIS™ geodatabase, and Microsoft Excel® spreadsheets tabulating point data for geochemistry and well data. . . ) : Oreg parti gy g P o o, Volcano £ lay, 25 quartzo-feldspathic very fine sand-bearing, clay-silt mantling the CRBG (Plate 1). Qlo typically forms a
: o . . . the Sand Hollow Fault at Sand Hollow (Plate 1). Evidence for a concealed fault includes the mapped apparent previous releases of 0GDC), 15 p., Esri geodatabase (GeMS), metadata & 7 25 Basalt of Sentinel Gap, low-phosph lava fl 1 Mi Fl f
The geodatabase presents new geologic mapping in a digital format consistent with the USGS NCGMP Map Schema rthe. - - _ ’ ! ’ ’ N & o, 62 massive, featureless deposit that has been pedogenically altered and contains bioturbated calcium Twfs| asalt of Sentinel Gap, low-phosphorus lava flows (lower Miocene)—Flow-on-flow
(GeMS level 3; USGS NCGMP, 2020) and contains spatial information, including map unit polygons, contacts and down-on-the-west offset of Tsu and the Basalt of Sand Hollow (Twfh) as well as the overlying Qlo, ~3 km north of https://www.oregon.gov/dogami/pubs/Pages/dds/p-0GDC-8.aspx, accessed December 16, 2025. Y, 23 99 . : s . sequence of high-titanium and lower-phosphorus basalt lava flows (SiO, = 50.89-53.71
fault : S i h " ¢ dwell dat 1l as data ab ,t h eeologic unit. i lyd' ’ lithol the map area in the Waterman 7.5’ quadrangle (Guerrero and others, in press). CRBG does not crop out below Qlo Dicken, S.N., 1965, Oregon Geography: The people, the place, and the time, 4th ed: Ann Arbor, Mich., Edwards Brothers, 147 p. S ACrater Lake "&08 Owyhee carbonate- and clay-enriched paleosols with mm- to cm-s_ce_lle bedsf laminations, and lenses of primary weight percent. TiO. = 3.033.30 weicht percent: P-O« = 0.58-0.64 weight percent: 1 = 15
ag s, geologic lines, geoc emls.r.y, and well data, as \{ve .as ata about each geo oglc.um , including age, lithology, west of the fault. Duda, CJ.M., McClaughry, J.D., Houston, R.A,, and Niewendorp, C.A., 2018, Lidar and Structure from Motion-enhanced geologic g Olbp Uplands 136 and reworked tephra. Qlo has been extensively modified during the past century by dry-land zl‘,’ p 5 "d 2=3. . é; ph 5 P20s . . . . g fph e 5 o
mineralogy, and s-tructure. Surflqal and be.drock units in the geodatabase are delpllcted on Plate 1 at a scale of mapping, examples from Oregon, in Thorleifson, L. H., ed., 2018, Geologic Mapping Forum 2018 Abstracts: Minnesota Mount Wy A 182 agricultural cultivation; where Qlo is thin or has been subject to deep tilling, it may be mixed with analyses, out_51 e map area) mapped in t ewesterp and sout ern par.ts. of the ams_7.
1:24,000. Plate 1 includes a detailed geologic map showing both bedrock and surficial units, including concealed , » . ) . Geological Survey Open File Report OFR-18-1, 107 p., https://conservancy.umn.edu/handle/11299/194852, accessed McLoyghlin o, Basin and Range & 247 weathered gravel-sized basalt clasts. Qlo is best exposed along roads, decommissioned railroad quadrangle (Figures 2, 7; Table 1, Plate 1, cross sections). Twfsl is additionally recognized
L . . e . - Gerking Creek Quarry Fault—The Gerking Creek Quarry Fault is an entirely concealed set of ¢ ’ . .
bedrock contacts, and a simplified bedrock geologic map showing the distribution of contrasting bedrock litholo- . . . ! . . December 16, 2025. Klamath &, ey, 348 rishts-of-wav, and on poorly vesetated steep slopes that may reveal stacked sets of loessial paleosols from cuttings retrieved from wells UMAT 5331 at Adams (see map nos. G08 to G11), UMAT
. o ) . : . ) S > - ~N50°W-N70°W-striking right-lateral strike-slip fault strands crossing Sand Hollow, Gerking Creek, and ! ) o ) ) . ) o Wy Loy, ; g VA poorly veg p slop y p . - . .
gies and critical structural relationships. This plate (Plate 2) includes figures highlighting statewide, regional, and . ; , . , . Duda, C.J.M., McClaughry, ].D., and Madin, L.P, 2019, Building the modern geologic map in Oregon: a multi-faceted field- and Mountains Medford 20, &by, Lakeview and loess deposits whose cross-sectional geometry roughly parallels the modern landscape. Qlo is 5351 at Helix (outside map area), and UMAT 57710 at Athena (outside map area;
i o . > > S, Wildhorse Creek in the central part of the Adams 7.5' quadrangle (Plate 1, cross section B—B'). Evidence for a . _ - : ; - | LI ° p g y roughly p pe. . . . .
local structure and geologic features, tables listing select sample lab analysis, and geologic unit descriptions technology-based approach: Geological Society of America Abstracts with Programs, v. 51, no. 4, 42 ) : . : : McClaughry and Azzopardi, 2023). Thickness of Twfsl is 80 m in water well UMAT 5331 at
g g ) g p ysIs, g g p . . . OV ctpeiles . : . i T . ) X ® Town mapped here based on field observations, soils maps (Johnson and Makinson, 1988), geologic maps ’
concealed fault includes conspicuous N70°W-striking paired lineaments recognized in 1-m lidar DEMs obliquely . . . .
https://gsa.confex.com/gsa/2019CD/meetingapp.cgi/Paper/329552, accessed December 16, 2025. S d oth 1981: Madi d Gei . 2007 di X f1-m lidar DEM d th Adams, 61 m in water well UMAT 5351 at Helix, and 74 m in water well UMAT 57710 at
crossing minor drainages entrenched in unit Qlo between Sand Hollow and Gerking Creeks, apparent right-lateral Egan, ., Blackford, J.J., and Staff, R.A., 2015, A high-precision age estimate of the Holocene Plinian eruption of Mount Mazama, ] uses govggnslgzlin Othersl; ’ ¢ ; 1 e}ﬁ g ttgey; Pl ) ari) m]f/f rpretation (:j m lear > an 1 the Athena (Figure 5, Plate 1, cross sections)
METHODS offset of the ridgeline where the fault exits the southeast part of the quadrangle, and a WNW-trending Oregon, USA: The Holocene, v. 25, no. 7, p. 1-14, A Medicine Lake 0l 24k Quadrangle orthophoto of Umatilla County (Plate 1). Most exposed contacts occur along ’ ’ '
aeromagnetic lineament paralleling these landscape features (Blakely and others, 2020a,b; Figure 3, Plate 1). Sand https://journals.sagepub.com/doi/abs/10.1177/0959683615576230?journalCode=hola, accessed December 16, 2025. MO“”tSh"S“’A Vil River human-modified boundaries between Qlo and older CRBG units.
Fieldwork for this study included collecting data along roads and conducting traverses across private lands to map Hollow and Gerking Creek are both deflected in a right-lateral sense across the Gerking Creek Quarry Fault, where Ferns, M.L., 2006, Preliminary geologic map of the Cayuse 7.5 minute quadrangle: Oregon Department of Geology and Mineral N Thickness O_f Qlo in the Adar_ns 75 quadrar_lgle is variable over the map area as dlscgrned from well Basalt of Sentinel Gap, high-phosphorus lava flows (lower Miocene) (cross section
lithologic contacts and faults. Geologic manpine data in the Adams 7.5’ quadranele were collected digitally using a these drainages are crossed by OR Hwy 334. In the same area, Tsu is notably near the surface in the Gerking Creek Industries Open-File Report 0-06-08, 1 plate, scale 1:24,000, 9 p, https://pubs.oregon.gov/dogami/ofr/0-06-08.zip, F logs and ReMiDAQ® 2D velocity profiles, (Figure 4; Plate 1). The thickest accumulations of Qlo are only)—Flow-on-flow sequence of high-titanium and higher-phosphorus basalt lava flows
& ; ) & Pping im ~ 4 & graty UsIng quarry, where it is overlain by a comparatively thin (<1 m) layer of Qlo and Mazama tephra. Near-surface Tsu accessed December 16, 2025. . @ 5 : Map found along the eastern edges of the ~N20°W-trending ridges separated by four parallel alluvial (Si0, = 51.74-53.53 weight percent; TiO, = 3.0-3.12 weight percent; P,05 = 0.65-0.69
GPS-enabled Apple® iPad® 4 and loaded with Esri™ Collector following standard DOGAMI procedures outlined in : S . " . ’ . Ferns, M.L.,, and Ely, K., 2006, Preliminary geologic map of the Mission 7.5 minute quadrangle: Oregon Department of Geology Walla Wall % i P a3 e gCoy Extent valleys in the northern half of the quadrangle (Plate 1). The thickness of Qlo is as much as 25 m west 2 : ' gt b ;o2 = 20ms. e WES ST :
Duda and others (2018, 2019). We used 1-meter (m) lidar digital elevation models (DEMs; 8 pts/m2), USGS 10-m basalt here may reside in a pop-up block between two right-lateral strike-slip faults. Deflected stream drainages, and Mineral Industries Open-File Report 0-06-09, 1 plate, scale 1:24,000, 11 p 0 30 10?\/|-| N D Study alla Wafla o = ;ﬁmewn . F ' Y a 8 ' weight percent; n = 3 analyses, 1 outside map area) lying beneath Twfsl and above Twfh
DEMs, USGS digital raster graphics of traditional topographic maps, and digital Esri™ imagery as base maps. fault-parallel lineaments in Qlo, and probable offset of the Gerking Flat Fault collectively indicate a Late https://pubs.oregon.gov/dogami/ofr/0-06-09.zip, accessed December 16, 2025. es K area subbasin A . L « _ ~ OREGON of Greasewood Creek at the city of Helix (outside the map area, 5 km w?st nor’Fhwest of Sand Hollow, in the Adams 7.5’ quadrangle (Figures 2, 7; Table 1; Plate 1, cross sections). Recognized in
Additionallv. we recorded textural observations according to the criteria below and collected samples from Pleistocene or Holocene age for the latest fault offset on the Gerking Creek Quarry Fault. Ferns, M.L., and McClaughry, J.D., 2013, Stratigraphy and volcanic evolution of the middle Miocene La Grande-Owyhee eruptive m Cascade Columbia River ' " e arl e e.g, UMAT 5351), 35 m west of Sand Hollow (e.g., ReMiDAQ® 2D velocity profile; UMAT 3039), 35 m the area only from cuttings retrieved from well UMAT 5331 at Adams (see map nos. G12
) ¥ : 18 o . p isi i i i 0 125 250 A west of Gerking Flat (e.g, ReMiDAQ® 2D velocity profile), and 30 m west of Waterman Road (e.g, : . :
different outcrops for later laboratory analysis. Volcanic rocks with fine-grained (<1 mm) average crystal or axis in eastern Oregon, in Reidel, S.P, Camp, V. Ross, M.E., Wolff, ].A., Martin, B.E., Tolan, T.L., and Wells, R.E., eds., The volcano Basalt Group ) . ) and G13), UMAT 5351 at Helix (outside map area), and UMAT 57710 at Athena (outside
particle size in the groundmass are characterized in the following manner (Mackenzie and others, 1997; Le Maitre Spring Hollow Fault—The Spring Hollow Fault is an entirely concealed ~N45°W-N65°W-striking normal fault Columbia River Flood Basalt Province: Geological Society of America Special Paper 497, p. 401-427, Figure 3. Structure maps of Adams and the surrounding area showing faults, folds, and high-resolution aeromagnetic data. (a) UMAT 3039). Qlo is as much as 21 m thick across hillcrests west of Greasewood (_Ireek (e.g, UMAT map area; McClaughry and Azzopardi, 2023). Thickness of Twfsh is 85 m in water well
and others, 2002) ’ ’ mapped from southeast to northwest across the southern part of the Adams 7.5 quadrangle (Figure 3, Plate 1, http§://pubs.geoscienceworld.org/books/book/661/chapter-abstract/3807352/Stratigraphy-and-volcanic-evolution-of—th — Major Major structural Mapped faults and folds drawn across a USGS 10-m.DEM. (b) A total-fi.eld high-resolution ae_rgmagnetic anomaly map of th.e 51779, UMAT 3047; Figure 4; Plate 1). Ranlcuts on weste.rn slopes l?etween Gerking Flat and Sand UMAT 5331 at Adams, 45 m in water well UMAT 5351 at Helix, and 48 m in water well
, cross section B—B'). McClaughry and Azzopardi (2023) mapped the fault southeast through the southwest part of e-middle?redirectedFrom=fulltext, accessed December 16, 2025. fault feature area in (a) (Blakely and others, 2020a, b). The map in (b) shows a partially transparent classified color ramp of the magnetic Hollow locally reveal up to 6-10 m of Qlo in vertical section (e.g., Piper Road, 0.5 km east of Sand UMAT 57710 at Athena (Figure 5, Plate 1, cross sections).

= As coarse groundmass if the average crystal or particle size is <1 mm and can be determined using the naked
eye (>~0.5 mm)
= As medium groundmass if crystals of average size cannot be determined by eye but can be distinguished by

the Athena 7.5' quadrangle. Northwest of the map area, the fault is concealed beneath Greasewood Creek and
mapped northwest past the city of Helix. Evidence for a concealed Spring Hollow Fault in Adams 7.5’ quadrangle

Ferns, M.L., McConnell, V.S., Madin, I.P,, and Johnson, ].A., 2010, Geology of the Upper Grande Ronde River Basin, Union County,
Oregon: Oregon Department of Geology and Mineral Industries Bulletin 107, 65 p., 1 plate, scale 1:100,000, Esri™ format

Figure 1. Map highlighting selected major volcanic and structural features in Oregon. The extent of the Walla Walla River

data area overlain across a hillshade applied to the magnetic data. Mapped faults and folds shown are from this publication,
McClaughry and Azzopardi (2023), Madin and others (2023), Darin and others (2025), and Guerrero and others (in press).

Hollow Road; Sand Hollow Road, 0.5 km west of the intersection with Duroc Road; Plate 1). Qlo thins
to the east and southeast to 14 m along Waterman Road in the eastern part of the map area (e.g., UMAT

shapefiles, dbf files; spreadsheet (5 sheets), geo-located photographs (19), . . . .
using a hand lens (>~0.05 mm) includes mapped apparent down-on-the-southwest offset of Twfsl and Tsu outcrops between Rainville and https://pubs.oregon.gov/dogami/B /p_B_m?,htm, accessed chember 16, 2025. basin outlined with a light blue line; red polygon shows the boundaries of the Adams 7.5" quadrangle. The light brown 3042),7 mat the_ city of Adams (e.g,, UMAT 5331), 3 m southeast of Wlldhorse Creek (UMAT 1428), Twfh B.asalF of Sand Hollow (lowe.r Miocene) (cross. section only)—Flow-on-ﬂow sequence of
- As fine groundmass if crystals or grains of average size can be determined only by using a microscope or by Spring Hollow Roads in the southeast part of the quadrangle and correspondence with a conspicuous Geological Society of America Rock-Color Chart Committee, 1991, Rock color chart, 7th printing: Boulder, CO. shading corresponds with the outcrop distribution of the CRBG, including areas from which the lava flows have been and 5 m at the city of Athena (e.g, UMAT 57710; McClaughry and Azzopardi, 2023; Plate 1). Loess high-titanium basalF lava flows (SiO = 50.98-53.3 welght percent; T10.2 = 2.65-3.16 weight percent;
recognition of when viewing through a hand lends of a sparkle or sheen in reflected light (indicating the WNW-trending aeromagnetic lineament (Blakely and others, 2020a,b; McClaughry and Azzopardi, 2023; Figure 3, Gradstein, FM,, Ogg, J.A, and Smith, A, G., 2004, A Geologic Time Scale 2004, Cambridge University Press, 589 p. eroded, as well as to areas where lava flows are concealed by younger units. Modified from Reidel and others (2013a) deposits <1 m thick are not mapped. P,05 = 0.53-0.6 weight percent; n = 9 analyses, 6 outside map area) lying beneath Twfsh and above
& f ervstalli gd & P & & Plate 1). Cross-section interpretation suggests up to 25 m of down-on-the-southwest vertical normal offset Guerrero, E.E, McClaughry, ].D., Azzopardi, C.J.M., Gaylord, D.R., Anthony, L.H., Walker, R.J., Swenton, V.M., and Burgette, R, in and Ferns and McClaughry (2013). Labels: BG - Baker graben; BV - Boring Volcanic Field; HFS - Hite fault zone; HRF - Qlo in the Adams 7.5" quadrangle is part of the Palouse, a loess-dominated landscape that mantles Tgsmu in the Adams 7.5" quadrangle (Figures 2, 7; Table 1, Plate 1, cross sections). Twfh appears only
] Ilreslence orcry Sda Ine gfroﬁm mass& has (frosh il had (altered) the ch <tics of ol northeast of the city of Adams (McClaughry and Azzopardi, 2023; Plate 1, cross section B—B'; ). press, Geologic map of the Waterman 7.5’ quadrangle, Umatilla County, Oregon: Oregon Department of Geology and Mineral Hood River fault zone; HCF - Horse Creek fault zone; GCF - Gales Creek fault; GRF - Green Ridge fault zone; LG - La >50,000 km? of the Columbia Plateau in southeastern Washington, northwestern Idaho, and in cross-section in the Adams 7.5’ quadrangle and is recognized in the map area only from cuttings
(S glassy }%ro(;ml fmais it lf gro;m mass is(g res )_tor orlglmat y) ad (altered) the characteristics of glass Industries Geologic Map Series GMS 13X, 2 plates, scale 1:24,000, Esri format geodatabase; shapefiles; metadata, Grandse Rgragteni OIS'& Or‘gz‘i;’“‘;‘?‘aho gﬁben; PB ‘Vp‘;rﬂaf‘dFBE}Zm%ngir‘ Plozﬂagd Hlll\slvf;;lt;xHHFZl —ch;;mt HO%d fault northeastern Oregon (Figure 1). The uppermost Palouse loess deposits have been subdivided retrieved from water wells UMAT 5331 at Adams (see map nos. G14 to G16), UMAT 5351 at Helix
e.g., conchoidal fracture; sharp, transparent edges; vitreous luster . i -GMS- ne; SR - Steen ; SV - Sim ntain n ; TB - n Basin; - ne. Oregon . . . : . .
. & . 4 p part ges; v us e Adams Fault—The Adams Fault is an entirely concealed N50°W- to N60°W-striking normal fault mapped through https://pubs.oregon.gov/dogami/gms/p GMS .13)'(.htm, acc.e§sed January 31, 2026. - N . Z(;l e h.ee s Ridge Y Dl ]:oe 1325 aiNs hq canic }l1e . h.ua atin Basi ' Wahl% a fau DZO e egOf informally into the L1, L2, L3 (youngest to oldest) loess sequences (McDonald and others, 2012) (outside map area), and UMAT 57710 at Athena (outside map area; McClaughry and Azzopardi, 2023).
As intersertal if the groundmass has mixtures of crystalline and glassy characteristics; ratios of glass to Herrero-Bervera, E., C. E. Helsley, A. M. Sarna-Wojcicki, K. R. Lajoie, C. E. Meyer, M. 0. McWilliams, R. M. Negrini, B. D. Turrin, ]. M. physiographic provinces after Dicken ( ). Washington physiographic provinces are from Washington Department o . . T R . e Ao . . . _
. . o ] . . . i i ' i _B’ i A g ’ ’ ’ ’ ’ ’ dating back ~70,000 years; normal-reversed-normal polarity signatures indicate underlying loess Twfh is distinguished from overlying Twfsh by higher amounts of chromium (avg Cr = 49 ppm), lower
cr the city of Adams in the southwest part of the Adams 7.5’ quadrangle (Plate 1, cross section B—B’). Evidence for a 3 : o : : 2041 /39 Natural Resources.
ystalline materials may be indicated by textural terms including holocrystalline, hypocrystalline, D. Nolan, and J. C. Liddicoat, 1994, Age and correlation of a paleomagnetic episode in the western United States by “°Ar/*°Ar . . . . . o S : _ .
s ok - concealed fault includes mapped apparent down-on-the-northeast offset of CRBG stratisraphy and a : . . . i deposits date back 1-2 million years (Patton and Baker, 1978; Waitt, 1985; McDonald and Busacca, titanium (avg TiO, = 2.98 weight percent) and phosphorus (avg P,0s = 0.57 weight percent), and
hyalophitic, hyalopilitic, and holohyaline ! _mapp pparer ] graphy dating and tephrochronology: The Jamaica, Blake, or a new polarity episode?: Journal of Geophysical Research, v. 99(B12), p. 1988; B 1989; Bjornstad and others, 2001; Pluhar and others, 2006; Baker, 2009) higher magnesium (avg MgO = 4.16 weight percent) than other Frenchman Springs units (Figures 2, 7;
*  As containing microphenocrysts if crystals observed are larger than the overall groundmass and <1 mm corresponding NNW-trending aeromagnetic lineament (Blakely and others, 2020b; Figure 3, Plate 1). Twfsl crops 24091-24103, https://agupubs.onlinelibrary.wiley.com/doi/10.1029/94JB01546, accessed December 16, 2025. West VsSurf ReMI 2dS - Sand Hollow Line East ; Busacea, s Bjornstac and  Others, ; ruhar and others, ; baker, 2UUs). 5 gnesiu gMg) =" eight p prings u su T
across out at the surface as the stratigraphically highest map unit on the north side of Wildhorse Creek along S. College Hogenson, G.M., 1964, Geology and ground water of the Umatilla River basin, Oregon: U.S. Geological Survey Water Supply Morphologlcgally, the Palouse is Subdl_‘”ded into a n_ortheaster_n part char.acterlzed by a den_drltlcally Table 1). Th.‘CkneSS of wah is 55 m in water well UMAT 5331 at Adams, 115 m in water.well UMAT
Road, 0.5 km south of Adams at an elevation of 461 m (map nos. G04 and GO5, Plate 1, Table 1). On the west side Paper 1620, 162 p., https://pubs.er.usgs.gov/publication/wsp1620, accessed December 16, 2025. 180 160 140 120 100 80 60 45 drained, rolling landscape of very fine sand-bearing, clay-silt loess with 5—29 m of relief and a 5351 at Helix, and 7.9 m in Yvater well UMAT 57710 at Athena (Figure 5 Plate 1, cross sections). Twfh
L . . o . - of the city of Adams, 0.6 km north of site G04 and GO5, Twfsl is overlain by 32 m of Tsu (Basalt of Umatilla) in Hooper, PR, 2000, Chemical discrimination of Columbia River Basalt flows: Geochemistry, Geophysics, and Geosystems, v. 1, no. 1781 | f © 1781 200 southwestern part characterized by subparallel to parallel, 10-20 m high, 1-5 km long, has normal magnetic polarity and an age between 16.1 and 15.9 Ma (Figure 2).
Because many CRBG lava flows are so fine-grained and glassy, mineralogical criteria alone are insufficient to ) ) o : : ° Lo : oo : ;
: o . . water well UMAT 5331 (map no. G07), placing the subsurface Tsu—Twfsl contact at an elevation of 444 m (Plate 1, p. 1-14, https://onlinelibrary.wiley.com/doi/10.1029/2000GC000040/pdf, accessed December 16, 2025. N30°E-trending linear ridges bordered by similarly aligned valleys (Lewis, 1960). The southwestern
characterize these texturally similar but chemically different lava flows. As a result, whole-rock X-ray fluorescence 1 : ’ et . . o Hooper, PR, and Conrey, R.M., 1989, A model for the tectonic setting of the Columbia River basalt eruptions, in Reidel, S.P, and Palouse extends from near Pendleton, Oregon, to the Palouse River west of Colfax, Washington (~20
; : : R T T R , cross section B—B’, Table 1). This contact relationship from south to north across the Adams Fault indicates . L S ) - . ; , gon, , 8
(XRF) geochemical data are essential for separating these difficult-to-distinguish CRBG lava flows. Whole-rock ) . o Hooper, PR, eds., Volcanism and tectonism in the Columbia River flood-basalt province: Geological Society of America 1771 1771 400 . i
. . . ) . . down-on-the-northeast displacement of Tsu—Twfsl contact by ~32 m (Plate 1, cross section B—B'). The proximit km northwest of Pullman); the northeastern Palouse extends from the Palouse River across eastern
geochemical samples were prepared and analyzed by XRF at the Washington State University GeoAnalytical Lab in p . tact by ’ ) > p y Special Paper 239, p. 293-306, o Washington to northwestern Idaho. Qlo particle-size data from a detailed SW-NE traverse across the Disconformity
Pullman, Washington according to Johnson and others (1999). Major element determinations are normalized to a of Twfsl surface outcrops on the south side of Adams within 0.6 km of UMAT 5331 combined with the absence of https://pubs.geoscienceworld.org/gsa/books/book/375 /Volcanism-and-Tectonism-in-the-Columbia-River, accessed v 600 & X : pa - : !
100 percent total on a volatile-free basis and recalculated with total iron expressed as FeOTotal (Table 1) a description of broken rock (e.g., fault breccia) in the lithology log for UMAT 5331 indicates a near-vertical fault December 16, 2025. ; 1761 = I . 1761 L Palouse (Lewis, 1960) revealed a downwind (southwest-to-northeast) decrease in median particle
perc a Xp : - o . - . nl ) - . . . Sub . Magnetic =) & size from coarse silt in the southwestern Palouse to medium silt in the northeastern Palouse. Notably, Grande Ronde Basalt
Chemical compositions for glass shards from tephra samples were obtained using a JEOL 8500F field emission orientation (Plate 1, cross section B—B’). Hutter, I. L., 1997, The Wallula Fault Zone: A study of the structure and tectonic history of a portion of the Olympic-Wallowa Series | Group Formation Member Age (Ma) o S X - h > '

. > ) - i : Lineament: Bellingham, Western Washington University, M.S. thesis, 194 p. Group Polarity — | | P 800 Lewis (1960) did not address the complex morphology of loess deposits east of the prominent linear The Grande Ronde Basalt is the thickest ¢ volumi f i f the CRBG (Reidel and Tolan. 2013). Th
electron microprobe at the Washington State University GeoAnalytical Lab (Table 2). Analytical results from our ] . s . hrison. D.M. Hoooes PR.. and Conrev. RM. 1999, XRF analvsis of rocks and minerals for major and trace elements on a singl &£ 1751 gl 1751 &= loess ridees he used to characterize the southwestern Palouse. As described in the ‘interrelations e Grande Ronde Basalt is the thickest, most voluminous formation of the (Reidel and Tolan, ). The
glass shard populations were statistically compared to a searchable reference database of western U.S. tephra Greasewood Creek Fault-The Greasewood Creek Fault is an entirely concealed ~N35°W-striking fault Johnson, D.M, O.(_)pe’ C ANE LOTTEy, B - 2_1 SIS o' Tocks ane 1 e-a > jor majorand frace elements on a singie Walla Walla Member c o S & ) . ' . formation spans at least four paleomagnetic zones and has been stratigraphically subdivided into four normal and

a q interpreted from a corresponding aeromagnetic lineament (Blakely and others, 2020b; Figure 3, Plate 1). The type low dilution Li-tetraborate fused bead: Advances in X-ray Analysis, v. 41, p. 843-867, o = < 1000 between structure and geomorphology’ subsection, the morphologies of the easternmost reversed polarity magnetostratigraphic units (R1, N1, R2, N2) by Swanson and others (1979; Figure 2). No Grande
compositions an ages. - o - and amount of offset and age of the latest offset along the fault is unknown (Plate 1, cross section B—B'). The https://s3.wp.wsu.edu/uploads/sites/2191/2017/06/Johnson-Hooper-and-Conrey.pdf, accessed December 16, 2025. Lower Monumental Member 6.2 N 5 1741 - II -1741 > southwestern Palouse Qlo include topographically subdued, though much less numerous, . A , .
To assess stream drainage morphology of secondary tributaries in the map area, we reviewed and analyzed 1-m 8 8 ’ ) ohnson, D.R,, and Makinson, A.J., 1988, Soil survey of Umatilla County Area, Oregon: Natural Resources Conservation Service = 1 o ' o o S . ; s : Ronde lava flows crop out at the surface in the Adams 7.5" quadrangle, but several members have been interpreted
8 Pho’osy y b Y southern part of this fault is likely to underlie and parallel NNW-trending Crawford Hollow in the northern part of J L Al ! Y ty Area, Oreg ] Ice Harbor Member 85 D e g 1200 N20°E-N30°E-trending linear ridges as well as a fault-influenced and dendritically drained loess i i i i i
lidar DEMs. We generated length profiles of streams from line segments with points taken every 33 m. We also p ; y b 8 ‘ern p Soil Conservation Survey 667, 388 p., https://nrcs.app.box.com/s/taycqfsrlbxjocs6ck4a68y96gqsvd76 /file /982604665170, 2 Basalt of Goose Island N o = P landscape to be present in the subsurface, based on geochemical analyses of well cuttings retrieved from water wells in the
generated cross-sectional profiles every 153 m from the headwaters to the intersection with the primary drainage, the Cayuse 7.5 quadrangle (Fern’s, 2006); the northern part of the fault may be offset by the WNW-striking Adams accessed December 16, 2025. ) . w 1731 A I -1731 = Qlo in. the Adams 7.5" quadrancle is assiened a Pleistocene and Holocene age based on its cities of Helix, Adams, and Athena. Grande Ronde lava flows identified through geochemistry beneath the map
with generation of points along each of these cross-sectional lines every 33 m. These profiles were 305 m in length, Fault (Plate 1, cross section B—B'). Johnson, H.M,, Ely, K., and Maher, A., 2024, Timing and source of recharge to the Columbia River Basalt Groundwater System in Basalt of Martindale R - L 1400 : ‘ = quadrang 5 : ) § area, include the Sentinel Bluffs (Tgsmu, Tgsmc), Winter Water (Tgww), and Grouse Creek (Tgcc) members
: . ) . ) . Northeast Oregon: Groundwater, v. 62, no. 5, p 761-777., https://ngwa.onlinelibrary.wiley.com/doi/10.1111/gwat.13404 Basalt of Basin Cit N © chronostratigraphic correlation with the northern Palouse loess in Washington (McDonald and others, . . . . . .
centered on the stream center line. Finally, we evaluated cross-sectional and longitudinal profiles for all line and gon: »V-64,10.5,p » Atps://ngwa. ywrey: : gwat. g GISEIN @I (BT 1Y 1721 L1721 @ s : . . : (Figure 2, Plate 1, cross sections). Mapping to the east suggests the Indian Ridge (Tgir), Ortley (Tgo), and
point features by extracting their respective elevations. Weston Fault—The Weston Fault consists of a parallel set of ~N40°E striking, entirely concealed accessed December 16, 2025. T R ﬁ 1600 2012; F{gljlre 1). The _thlcke.st and most later;lly contln.uous loess c_ontams 1nter_cal?1ted deposits of ash Buttermilk Canyon (Tgbc) members are likely also present at depth (McClaughry and Azzopardi, 2023; Madin and
To delineate subsurface geology and the numerous concealed faults in the map area, we conducted down-on-the-northwest normal faults mapped across the southeastern portion of the Adams 7.5 quadrangle Kasb.ohm,]-, ar'ld Sch_oer?e, B., 2018, Rapid eruption ofth.e Columbia RlYer flood basalt and correlation with mid-Miocene Elephant Mountain Member 102" RT and lf”:lpllll (tephra), lIlC.ll:ldlng an ~_«4 cm th1c1_<, conspicuously white (N9) t_o plnklsh gray (5YR 8/1), others, 2023). Grand Ronde lava flows are generally monotonously fine-grained, aphyric, and texturally
. ) . . . (Plate 1, cross section B—B'). Fault strand locations are interpreted from a combination of mapped vertical offset climate optimum; Science Advances, v. 4, no. 9, https://advances.sciencemag.org/icontent/4/9/eaat8223, accessed 1711 - L1711 1800 massive to planar-stratified deposit exposed in the upper part of a 10-m-high vertical roadcut (6.5 m e o ) . i . . -
surface-outcrop mapping, analyzed water-well logs, and interpreted high-resolution aeromagnetic data (Blakely ’ : p pp D ber 16, 2025 Craigmont Member T T . . . non-distinctive tholeiitic basalts and basaltic andesites with relatively homogeneous chemical compositions
i ' ' i i ' of the Tsu—Twfsl contact, distinct NE-trending topographic lineaments visible in 1-m lidar DEMs, and Cembel : . ; ion hi >u above road level) 0.5 km west of the intersection of Sand Hollow Road and Duroc Road (Figure 6a, (Table 1). The Grande Ronde Basalt differs from the overlying Wanapum Basalt by the local presence of the
and others, 2020a,b). Subsurface geology shown in the geologic cross sections incorporates lithologic ] ) g T ) ) Kasbohm, ., Schoene, B, Mark, D.F, Murray, J., Reidel, S., Szymanowski, D., Barfod, D., Barry, T, 2023, Eruption history of the Swamp Creek Member T I Pl 1. El . b | £17 ol hards fi le of thi hra indi . ying p y p
; ; ; corresponding parallel steep magnetic gradients observed in high-resolution aeromagnetic data (Blakely and Saddle ate 1). Electron microprobe analyses of 17 glass shards from a sample of this tephra indicate a . : . . .
interpretations from water-well drill records located by the Oregon Water Resources Department (OWRD) GRID p gp b mag & & g y Columbia River Basalt Group constrained by high-precision U-Pb and “Ar/*Ar geochronology: Earth and Planetary Science - P e e 1701 . . . - - . . 1701 2000 - : : : intervening Vantage Member of the Ellensburg Formation, the conspicuous absence of large plagioclase
, th 2020ab: Fi 3 Plate 1). Th tinuity of Weston Fault ts is di ted fi thwest t ) : i / . Mountains eary Creek Member T statistical correlation with tephra layer 5-42A recovered from a Walker Lake, Nevada sediment core . o
system (http://apps_wrd_state_Or_us/apps/gw/well log/ Plate 1) The geodatabase includes 36 located otners, a,b; Figure 5, Flate ) € continulty o eston rault segments 1s disrupted from southwest to Letters, Volume 617, p. 1-14, https://www.sciencedirect.com/science/article/abs/pii/S0012821X23002820, accessed 180 160 140 120 100 80 60 45 . . phEUOCryStS and glomerocrystS, and Slgnlflcantly lesser titanium contents (Swanson and others, 1979; HOOper,
water-well logs with interpreted subsurface geologic_units’. Cross section A—A’ anchors on geochemical analysis of northeast, where they are offset by the NW-striking Adams, Spring Hollow, and Gerking Creek Quarry Faults (Plate December 16, 2025. Basalt Pomona Member 1121 R (Herrero-Bervera and others, 1994; map no. G45; Table 2). Although no direct age date exists for 2000; Tolan and others, 2009; Figure 7, Table 1).
cuttings obtained from water wells in the city Athena (e.g, UMAT 57710) and the city of Helix (e.g,, UMAT 5351). 113. Eastd(?f(;}(;e;31\)IW-strikidnghWVi\1/dhorsc; Crleefk Faullt in 9tl;(e adjace.nt iAtheI\rI1§57].55’ qlli(a}drangle, l\;[céllauéghry a'ng Kerlljda'“’ ].]..,tl()izls, le;: geolcogl.yfand. St;‘/}lgtl}l: of th1e0§,lue Mountains in northeastern Umatilla County, Oregon: Los Angeles, ésquatzg:lM&mbe; N ad Array Distance (ft) ‘lc)ee}z}‘;;:elr??bi-iiﬁ,jlfggeﬁ"z-Bervera and others (1994) constrained an age for the tephra in Nevada
: _R' : ; : . : : zzopardi mapped the Weston Fault for at least 9 km as a single ~N55°E-striking concealed and querie niversity of Southern California, M.S. Thesis, 103 p. rangeville Member . : : : ic:
Cross sse ction B 3 TlnCh.OFS (f)n geochemlcal anal};sm of cuttings obtained from water wells in the city Athena (e.g, normal fault that trends obliquely across the NNW-striking faults of the Milton Freewater Fault Zone (Figure 3). Kienle, C.F, Jr, Hamill, M.L., and Clayton, D.N., 1979, Geological Reconnaissance of the Wallula Gap Washington - Blue Mountains Basalt of Eden R Significant accumulations of tephra are also recognized and mapped near the upper part of Qlo, Normal-polarity (N2) magnetostratigraphic
UMAT 57710) and the city of Adams (e.g, UMAT 5331). . o ) - , : - . - La Grande, Oregon region: Unpublished report prepared for the Washington Public Power Supply System by Shannon and : : where the unit is notably dissected by a set of dendritic drainages on the east side of three parallel The N2 magnetostratigraphic unit is the youngest Grande Ronde Basalt magnetostratigraphic unit, covering
) South into the Cayuse 7.5" quadrangle, the broadest zone of Weston Fault strands aligns with and continues as a . Weissnefels Ridee Member
To determine depth to bedrock and establish fault locations, we used 24-channel digital ReMiDAQ® Wilson Inc., contract no. 44013, C.0. No 38, 58 p g ding rid h of th d Kk fault in the Ad 5’ quad le (P ~114.500 km2 with timated vol £35 300 cubic kilometers (km3: Reidel and Tolan, 2013: Fi 2). A
seismograph-derived seismic imaging with a sampling rate of 2 milliseconds over 30-second intervals in Sand N40°E-N50°E-striking, down-on-the-northwest normal fault mapped by Ferns (2006). The cumulative offset Kueh 1995, The Olympic-Wallowa Line , Hite Faul d Columbia River Basal igraphy i Basalt of Slippery Rock N NNW-trending ridges north of the Greasewood Creek quarry fault in the Adams 7.5’ quadrangle (Plate ’ m® WiLh an estimated voitime ot 2., cubic kilometers (km?; Reidel an an ; Figure 2). Ages
Holl gG pk' Fl d al V\t‘lg ; Road ’I;‘h : ded acti d ambi i ismi across the fault zone is unknown. The age of the latest offset on the fault is not well-constrained, but distinct “ n’}fl e U ill A —— Hlneament.h.lte  Stats Univoreity, M8 }11a 170 g P Stratraphyn i . . 1). Plate 1 illustrates the distribution of these tephra deposits as a stippled overlay of areas where of N2 Grande Ronde units are bracketed by U-Pb dates of 16.134 + 0.037 Ma from the white mud at the base of the
s7(())urcesA 1e seismic recording arraéf consis }(13 0 h zdge(_)p o(;lesa . .m.s.pacmgh_(l)ra ob;? survey leng }? Un'ive.rs.ity of\;Vashinggtoi )Z’ng gy gton: Fh.L. , , o Basalt of Lewiston Orchards N 180 160 140 120 100 80 60 4 tephra are often revealed in the active excavations of badgers who have burrowed into steep, and Wapshilla Ridge members of the R2 magnetostratigraphic unit (Kasbohm and others, 2023; Figure 2).
m Ctl‘;e .nollsz \(/ivas geél erateff. usn:ig .ar(r;m.tlelr ,ll,tlf urmgd dat:; acquisition, whi 3 am 1e1r}t noise ‘tlo St ef Interrelations between structure and geomorphology in the Adams 7.5’ quadrangle Le Maitre, RW. (ed.), Strecke;isen, A., Zanettin, B, Le Bas, M.],, Bonin, B.,, and Bateman, P,, 2002, Igneous rocks: A classification = Basalt of Cloverland N 1823 . . . |5 1823 200 east-dipping steep Qlo slopes (Figure 6b). The most distinctive exposures of Mazama tephra in the Subdivided in the map area into the following units:
SREI;[Ingra.p .11‘1C l;t ed nearby traffic and windmills. The recorded data were processed using ferean's yssur and glossary of terms: Second Edition, Cambridge University Press, Recommendations of the International Union of s Asotin Member 13 Adams 7.5" quadrangle are found in east-facing unvegetated eolian sand blowouts exposed along a )
eWI SelSTlg software. b o ublished and blished datab e it into a disital ¢ using Esri Review and spatial analysis of 1-m lidar DEMs indicate that loess (Qlo)-covered areas within the Milton-Freewater Geological Sciences, Subcommission on the Systematics of Igneous Rocks, 236 p., Basalt of Huntzinger N 400 ~10 m high loess ridge along the west side of Sand Hollow Road, south of its intersection with Piper Sentinel Bluffs Member
€ complied new mapping with published and unpublished data by converting 1t into a digital format using kSri Fault Zone in the Adams and adjacent Waterman, Helix, and Smeltz 7.5' quadrangles exhibit an erosional https://doi.org/10.1017/CB09780511535581, accessed December 16, 2025. i 1813 1813 Road and in exposures in the headwall cuts of the Humbert Landfill west of Gerking Flat (Plate 1 . . . ; ;
ArcGIS™ ArcMAP™ GIS software. We created the on-screen map through heads-up digitizing using a georeferenced morphol £ llel and dend ) drai distinct f he N20°E- Ooq_ d.g li idees described Lewis, PE. 1960 %inear toposraphy in the southwestern Palouse, Washington-Oregon: Annals of the Association of American Basalt of Lapwai N — ) P el o . 8 ( ’ Sentinel Bluffs Member (lower Miocene) (cross section only)—Flow-on-flow sequence of high-magnesium
) ) ; . i phology of parallel and dendritic drainages distinct from the N20°E-N40°E-trending linear ridges describe , PE, ) pography ) g gon: Wilar @z E [3) Figure 6c-f). Borehole drilling in Sand Hollow indicates tephra-rich blowouts there are laterally basalti desite 1 fl Si0, = 53.10-55.12 ioht t TiO, = 1.75-2.17 ioht t MgO =
1-m lidar mosaic, a 1:24,000-scale USGS DRGs of the Adams 7.5’ topographic quadrangle, and the 2020 National : : e ; Geographers, v. 50, no. 2, p98-111. Q 600 . . . . . : asaltic andesite lava flows (SiO . -12 weignt percent; 110, . .17 weight percent; Mg
) 0 : i - by Lewis (1960) for the southwestern Palouse region. The area of parallel and dendritic drainage pattern ) ) , 1803 1803 © discontinuous, with very light gray (N8) tephra concentrated in 3.1 to >5.1 m thick lens-shaped 4.12-5.26 weisht tn=15 1 5 outsid ving b th the F h Spri Memb
Agriculture Imagery Program (NAIP) digital orthophoto for Umatilla County. The geologic time scale used is the morphol li irelv withi ; R ; ; Mackenzie, W.S., Donaldson, C.H., and Guilford, C., 1997, Atlas of igneous rocks and their textures: Addison Wesley Longman Basalt of Wahluke N > . o . . . .12-5.26 weight percent; n = 15 analyses, 5 outside map area) lying benea € Frenchman oprings Member
e ; o : - ) phology lies entirely within the Milton-Freewater Fault Zone, a zone that is bounded by the Spring Hollow - &+ deposits. Planar-stratified very light gray (N8) tephra deposits exposed in the headwall of Humbert Twfh) and above the Winter Water Member (T in the Ad 75 d le (Fi 2 7. Table 1. Plate 1
2024 (v2024-12) version of the International Commission on Stratigraphy chronostratigraphic chart . : : Ltd., 7th ed., 148 p. Umatilla Member 13.6% 14.6" = ' . . . . . . (Twfh) and above the Winter Water Member (Tgww) in the Adams 7.5" quadrangle (Figures 2, 7; Table 1, Plate 1,
) ) X Fault on the west, the Gerking Creek Quarry Fault on the south, and the Wildhorse Creek Fault on the east (Figure Madin. LP. and Gei RP. 2007 Prelimi logi fth illa Basin. M d il ) ) . g 800 Landfill are ~1 to 2 m thick, mantling the east-facing slope (leeward side) and infilling an erosional . The Sentinel Bluffs Member (T T differs f th b f the Grande Rond
(https://stratigraphy.org/chart), revised from Gradstein and others (2004), Ogg and others (2008), and Cohen L. . 5 i . Lo adin, L.P, and Geitgey, R.P,, 2007, Preliminary geologic map of the Umatilla Basin, Morrow and Umatilla Counties, Oregon: Basalt of Sillusi N £ 1793 1793 2 . K : ) g . cross sections). e Sentine uffs Member (Tgsmu, Tgsmc) differs from other members o e Grande Ronde
. - . ! 3 5). The northern limit of the area is the EW- to NWSE-trending Waterman Anticline as mapped along the uplands Oregon Department of Geology and Mineral Industries Open-File Report 0-07-15. 3 plates, scale 1:100.000 = S unconformity on older Pleistocene Qlo (Figure 6e—g). Tephra is overlain by intensely burrowed Basalt in th the basis of 1 ts of sili Si0, = 54.29 weight t) and high
and others (2013). Colors given for hand sample descriptions are from the Geological Society of America : . 8 p gyal : p P » o plates, HUB,U00, Basalt of Umatilla N . : asalt in the map area on the basis of lesser amounts of silica (avg SiO, = 54.29 weight percent) and higher
KColor Ch : separating the Milton-Freewater Fault Zone on the south from the Wallulla Fault Zone on the north (Guerrero and https://pubs.oregon.gov/dogami/ofr/0-07-15.zip, accessed December 16, 2025. c 14 o 1000 Holocene loess (Figure 6e—g). Electron microprobe analyses of 103 glass shards from 4 samples magnesium contents (avg MgO = 4.7 weight percent; Figures 2, 7; Table 1). Thickness of the Sentinel Bluffs
Rock-Color Chart Committee (1991). . . . others, in press; Figures 3, 5; Plate 1). Madin, L.P, McClaughry, ].D., and Azzopardi, C.J.M., 2023, Geologic map of the Milton-Freewater and Bowlus Hill 7.5’ s 15.76° Priest Rapids Member 2 1783 F1783 = collected at the Sand Hollow and Humbert Landfill localities have a statistical correlation with the Member (T, T} i h as 105 m in cr tion (Plate 1 ti The Sentinel Bluff
We used a stippled overlay on Plate 1 to show areas where sand-sized Mazama tephra is concentrated in the North of the Gerking Creek AT B ; i : ; . : ) © . Dl . Cp i ember (Tgsmu, Tgsmc) is as much as m in cross section (Plate 1, cross sections). The Sentinel Bluffs
- o ) ] - g Creek Quarry Fault, 2-4-km-wide Qlo-mantled ridges are separated by four quadrangles: Oregon Department of Geology and Mineral Industries Geological Map Series GMS 130, 2 map plates (scale o Basalt of Lolo R g o 1200 ~7700 cal. yr B.P. climactic Plinian eruption of Mount Mazama (Bacon, 1983; Stuiver and others, 1998; Member (T: T h ] ti larit d f bet 16.2 and 16.1 Ma (Fi 2
surface and shallow subsurface loess. These zones were identified using field observations, sample data, OW_NACW. : - : - iy : : 1:24.000). plate of " d plate of explanatory text, Esri format geodatabase (GeMS level 3). shapefil o o - 15.92 1 > : ) i k i ember (Tgsmu, Tgsmc) has normal magnetic polarity and an age of between 16.2 and 16.1 Ma (Figure 2).
! A > . . : X N20°W-N40°W-trending 25 m deep primary alluvial valleys containing shallow intermittent :24,000), plate of cross sections, and plate of explanatory text, Esri ormat geodatabase (GeMS level 3), shapefiles, =] Basalt of Rosalia R Q | © Zdanowicz and others, 1999; Bacon and Lanphere, 2006; Bacon, 2008; Egan and others, 2015; Bacon Subdivided in the map area into the following units:
geochemlsallelnalyses, andénte?retgtlor}s of 1-30 hda}tr) tgpog;a}phy and historic ae(rilal (fhotographS- ] » streams—Greasewood Creek, Sand Hollow, Gerking Creek, and the valley beneath Waterman Road—forming metadata, spreadsheets (16 sheets). https://www.oregon.gov/dogami/pubs/Pages/gms/p-GMS-130.aspx, accessed = o Roza Member 15.92%, 16.10° R w1773 1773 = 1400 and Wright, 2017; Table 2; map nos. G37, G38, G39, G43). Similar accumulations of tephra, chemically '
Nu.meljlca ages assigne to dated units are described in this repor_t using s.ta.n ard conventions for providing prominent topographic lineaments (U.S. Geological Survey, 2022; Figure 5, Plate 1). The primary stream valleys lie u Eece(:im(?zr 1i,d2§2:. 0 TR, 2017, Using “Ar"Ar inercalated silicic fuffs to date flood basalts: Prect o © 2 8 Shumaker Creek Member N 1600 o matched to Mount Mazama, have also been found in the southern parts of the Waterman and Smeltz . . . .
ages, i.e, in terms of millions (_)f years ago (mega-annum [Ma]) for units > 1 million years old, thousands f)fyeellrs directly above the concealed N20°W-N45°W-striking Spring Hollow, Sand Hollow, Gerking Flat, and Wildhorse aS ood, - .,a1 . e bso (TR, 2017, ;1 Pg{ / ]a%es 0 TEe c}? a ZPTI icic tu Ss to da (]i 00 aszasgs. ?c)ezlges?ﬁes o e - = i 1763 - I Tsu L1763 © 7.5" quadrangles on the north and northwest (Guerrero and others, in press). Basalt of Museum (lower Miocene) (cross section only)—Basaltic andesite lava flows
ago (kilo-annum [ka]) for units < 1 million years old, and calendar years before present (B.P.) for units with Creek Faults (Figure 5, Plate 1). East-facing slopes with incised intermittent drainages along the western flanks of hteen.s asalt Mem eg.o the Columbia River lasa; royﬁéogitzsz;rixmzrz)eﬁt;%?qe(r;c;Dlittirs.v. dpD - s ’16 - g = o Frenchman Springs Member -g 1600 (Si0, = 54.39-55.12 weight percent; TiO, =1.75-1.86 weight percent; MgO = 4.61-4.85
reported radiocarbon ages. the primary stream valleys are characteristically arcuate and display steep gradients between 42 and 100 percent MCCE&Z}{ r/}‘,"V;/.V];/.‘T-Zf;l(ejKXI;Z;}r):trzio(l:l}./l\s/[il;r(l)rzze?)/’aésglséiac rsn/appllofthe Athena 7.5 quadn;:;lz, U:n;ltil,lzcggls;ety’ Oizzgln:e(;reg,on . = QE: ,;g R :asa:t o: :en:rll-leluGap s 1753 1 Tsu I L1753 1800 Stippled overlay pattern depicts areas where concentrations of sandy Mazama tephra weight per’cent; n=3 ana}lyses) mapped at the top of the Sent.inel Bluffs Member in the
(Figure 5, Plate 1, cross section A—A"). Valley bottoms typically widen to the west along their length. The gently Department of Geology and Mineral Industries Geologic Map Series GMS 129, 2 plates, scale 1:24,000, Esri format p = Basalt asalt of Sand Hollow . ) ) Adams 7.5' quadrangle (Figures 2, 7; Table 1; Plate 1, cross sections). Tgsmu only appears
STRUCTURE west-sloping (<5 percent) Qlo-mantled eastern margins of the primary valleys are less distinct. Tsu locally crops geodatabase; shapefiles; metadata, https://pubs.oregon.gov/dogami/gms/p-GMS-129.htm, accessed December 16, 2025. o) = Basalt of Silver Falls 15.99* N,E 1 (Holocene) cap or are intermixed with loess. in cross-section in the Adams 7.5" quadrangle. Recognized in the area only from cuttings
out beneath Qlo along the eastern margins of the primary stream valleys, corresponding to the upthrown blocks McDonald, E.V,, and Busacca, A.J,, 1988, Record of pre-late Wisconsin giant floods in the Channeled Scabland interpreted from g L Basalt of Ginkgo 16.12° E 1743 ' ' ' T y ' ' 1743 2000 retrle.ved from well UMAT 5331 at Adams (see map nos. G_17 to G19), UMAT 5351 at Helix
i i , ) ) i i o of NNW-striking faults, but it does not outcrop on the western margins that coincide with the downthrown blocks loess deposits: Geology, v. 16, no. 8, p. 728-731, i . o Basalt of Palouse Falls 16.12° E 180 160 140 120 100 80 60 45 (outside map area), and UMAT 57710 at Athena (outside map area; McClaughry and
Geologic structure in the Adams 7.5’ quadrangle consists of a thick section of horizontal to shallowly dipping (<1°) fthese faults (Plate 1 https://pubs.geoscienceworld.org/gsa/geology/article-abstract/16/8/728/204738 /Record-of-pre-late-Wisconsin-giant-fl o - b . . Azzopardi, 2023). Distinguished from underlying unit Tgsmc based on lesser contents of
i ; X of these faults (Plate 1). . Lookingglass Member N Array Distance (ft) Unconformity [EIRETES ane : g . :
conformable lower to middle Miocene CRBG lava flows that are broadly folded with a wavelength of 20-23 Between the primary stream valleys, intermittent gully drainages incise Qlo-mantled ridges. These incisions " oDods-llcrlm-]tEhs, chessed ll)\;;embgrBla ZOZSA] 2012 Glacial outburet floods and | i i . ST ETE IR titanium (avg TiO, = 1.79 weight percent; Figures 2, 7; Table 1). Thickness of Tgsmu is 35
kilometers (km). CRBG lava flows in the map area are overlain by 1—35 m of Pleistocene and Holocene loess. A : o B v cDonald, E.V, Sweeney, M.R, and Busacca, AJ., , Glacial outburst floods and loess sedimentation documented during m in water well UMAT 5331 at Adams, 61 m in water well UMAT 5351 at Helix, and 63 m
network of intersecting faults crosscuts both the basalt and, locally, loess in the map area (Figure 3, Plate 1, cross vary noc ably 'from parallel drainage patterns tha't have developed on.the 1.5-2.5-km-wide western slopes and Oxygen Isotope Stage 4 on the Columbia Plateau, Washington State: Quaternary Science Reviews v. 45, p. 18-30, Basalt of Dodge 16.13* N Figure 4. East-west-trending ReMiDAQ® 2D velocity profiles obtained along and parallel to Piper Road at (A) Sand Hollow UPPER CENOZOIC VOLCANIC AND SEDIMENTARY ROCKS i i i
8 d Y, p (Fig ’ ’ dendritic drainage patterns on the 0.5-1.5-km-wide eastern slopes (Figure 5, Plate 1). The contrasting drainage i i i i i in water well UMAT 57710 at Athena (Figure 5, Plate 1, cross sections). Kasbohm and
sections). The axis of the broad NE-trending Agency syncline is present in the southern part of the quadrangle seb o . P 5 ! o 5 . 5 https://www.sciencedirect.com/science/article/abs/pii/50277379112001412, accessed December 16, 2025. Basalt of Robinette Mountain N and (B) across Gerking Flat. Geologic units and vertical faults, as interpreted from measured subsurface shear wave others (2023) reported an “Ar/®Ar groundmass age of 16.135 * 0.04 Ma. Baksi (2022)
here it is followed by Wildh Creek. The NNW-trendine Wat ticli in th theast part % networks are separated along each ridge crest by sharp, linear, NNW-trending drainage divides. These drainage Moore, N.E., Grunder, A.L., and Bohrson, W.A., 2018, The three-stage petrochemical evolution of the Steens Basalt (southeast Variaze Momber of the Ellensburg Fm | 1610 16.13° velocities, are labeled on the profiles. Green lines in figure 5, show the location of measured profiles in the Adams area. COLUMBIA RIVER BASALT GROUP 5) 1 p40 : g g 13520 :
where 1L 1s followed by Vvildhorse Lreek. 1he rending yvaterman anticiine appears in the nortneast part o divides parallel concealed, ~N20°W- to N45°W-striking, down-on-the-west normal faults underlying the primary Oregon, USA) compared to large igneous provinces and layered mafic intrusions: Geosphere, v. 14, p. 2505-2532, 8 grm. 22 20 o ) ) ) . . ) reported a similar *°Ar/*°Ar plateau age of 16.15 + 0.07 Ma (Figure 2).
the map area and continues into the Waterman 7.5’ quadrangle on the north. stream valleys (Figure 5, Plate 1). https: /pubs.geoscienceworld.org/gsa/geosphere /article 114/6,/2505 /548601 / The-three-stage-petrochemical-evolution-o Sentinel Bluffs Member 16.13* 16.15° The Columblla River Basalt Group (CRBG). is an extensive succession of tholeiitic basalt and basaltllc andesite lava
Three major fault zones regionally converge in this part of the Columbia Plateau, including the WNW-striking The eastern flanks of ridges contain the thickest accumulations of Pleistocene and Holocene Qlo within the f-the, accessed December 16, 2025. Winter Water Member flows coYermg more than 210,000 km,z in parts of Washington, Oregon, Idaho, ancli Nevada (R.eldel and others, Basalt of McCoy Canyon (lower Miocene) (cross section only)—Basaltic andesite lava
Wallula Fault Zone, NNW-striking Milton-Freewater Fault Zone, and the NNE-striking Hite Fault Zone (Hooper and Adams 7.5’ quadrangle, reaching thicknesses up to 35 m (Figure 5, Plate 1). These areas of conspicuously thick Qlo Newcomb, R.C., 1965, Geology and groundwater resources of the Walla Walla River basin, Washington-Oregon: Washington = Field Springs Member 2013a; Figures 1, 2). In the Adams 7.5’ quadrangle, CRBG lava flows largely underlie an extensive cover of early flows (Si0, = 53.1-55.05 weight percent; TiO, =1.87-2.17 weight percent; MgO =
Conrey, 1989; Kuehn, 1995; Hutter, 1997; Reidel and others, 2013b; Reidel and others, 2021; McClaughry and align with dendritic n;:tworks of ~N60°E trending gullies that ’ﬂow southwest to northeast and intersect the Division of Water Resources Water Supply Bulletin 21, 151 p., § Indian Ridge Member 16.22} N Pleistocene to Holocene loess (Qlo). Only the Umatilla Member (Tsu) of the Saddle Mountains Basalt and the 4.12-5.26 weight percent; n = 12 analyses, 5 outside map area) mapped below Tgsmu and
Azzopardi, 2023; Madin and others, 2023; Figures 1, 3). The Wallula Fault Zone is a set of locally active, N20°W-N40°W-trending primary stream valleys nearly at right angles (Figure 5, Plate 1), Eastern ridge gullies (n ht.tps: //apps.ecology.wa.gov/publ1cat1ons/summarypages/yvsb21.html, accessed Dec.ember 16, 2025. @ T 2 uppermost part (Twfsl) of the Frenchman Springs Member of the Wanapum Basalt crop out in the map area. Older above Tgww in the Adams 7.5 quadrangle (Figures 2, 7; Table 1, Plate 1, cross sections).
WNW-striking right-lateral strike-slip faults and N-S-striking normal faults mapped for ~120 km from Kennewick,  44) average 702 m in length, have a concave length profile with an average g:radient of 4.2 percent, and deep Ne;vsm%le.r, R.M.,52021{1The Urpat;\l/}as N'Irimb'er (;)é the Columbia River Basalt Group, a chemically unusual flood basalt: Pullman, E Y units of the Wanapum and Grande Ronde Basalt are only present in the subsurface (Figure 2, Plate 1, cross Tgsmc appears only in cross-section in the Adams 7.5’ quadrangle. Recognized in the area
Washington, through Milton-Freewater, Oregon (Sherrod and others, 2016; Staisch and others, 2022). It parallels U-shaped cross-sectional profiies averaging 8 m in depth. Slopes adjacent to dendritic gullies range ‘from 219 - ]aé . 132201& - ::g G?;‘éesizli;y’F.l\./l.. Zo(e)séls(,:om};e geologic time scale, Cambridge, University Press, 177. £ ':lr‘r:tztrr:‘ri}i iaar:,y(;r:, r:‘in;lirr ;Sctlons). Tl;;fe olger units agp}(laar hecre only in dcrl\(;[s.s-§ect1701;,baseg on iletalle;l mapﬁ)lng- 1nl t.};e Sl,.l;‘.l‘ou.ndll‘.lg only from cuttings retrieved from well UMAT 5331 at Adams (see map nos. G20 to G26),
and is an integral part of the Olympic-Wallowa Lineament, an ~500-km-long collection of WNW-trending percent. Gullies along the eastern ridge flanks conspicuously contain accumulations of ~7700 cal. yr B.P. Mazama Patton, P.C., Baker, V.R,, 1978, New evidence for pre-Wisconsin flooding in the channeled scabland of eastern Washington: = V . aterman, Milton-Ereewater, Athena, Layuse, and Mission 7.>" quadrangles and geochemical identification in UMAT 5351 at Helix (outside map area), and UMAT 57710 at Athena (outside map area;
seismically active structural and physiographic features delineated between the Olympic Mountains of western tephra above significant erosional unconformities (see the Mazama tephra overlay on Plate 1 and in the Geology v. 6, p. 567-571 Slack Canyon Member 16.39 : water wells in the Adams, Athena, and Helix 7.5" quadrangles (Ferns, 2006; Ferns and Ely, 2006; McClaughry and McClaughry and Azzopardi, 2023). Distinguished from overlying unit Tgsmu based on
. . . . 2 ’ 3 LAY T e . . . . . ] . . r, 4
Washington and the Blue Mountains of northeast Oregon (Raisz, 1945; Reidel and others, 2021). West and geodatabase OverlayPolys feature class, Figures 5, 6). https://pubs.geoscienceworld.org/gsa/geology/article-abstract/6/9/567/190155 /New-evidence-for-pre-Wisconsin-floodi Meyer Ridge Member 16.26° ol ) b W Azzopardi, 2923: Madin and othe.rs, 2023; Guerre,ro and others, in press; Figure 2; Plate 1, cross section A—A’; ). higher contents of titanium (avg TiO, = 2.02 weight percent) and from underlying Tgww
northwest of the Wallula Fault Zone in eastern Washington, strain is accommodated along approximately The western flanks of ridges contain much thinner accumulations of Pleistocene and Holocene Qlo and are ng-in-the, accessed January 14, 2026. o Grouse Creek member ' 16.43° Ry WATERMAN 7 S-minut Aggregate thickness of the CRBG in the Adams 7.5" quadrangle exceeds 525 m. by higher amounts of magnesium (avg MgO = 4.67 weight percent; Figures 2, 7; Table 1).
east_west_trending folds in the Yakima Fold Belt (Staisch and Others’ 2022; Figure 1) East of Wallula Gap generally less than 12 m thick within the Adams 7.5’ quadrangle. These ridge Slopes drain through parallel Personiusf S.E, Dart, R.L,, Bra.dley, L.A., and Haller, K.M,, 1995, Map and data for Quaternary faults and folds in Oregon: U.S. g Wapshllla Rldge Member 16.27 16333 ’ A Q-uaI:llan:uﬁdar saddle M . B I Thickness of Tgsmc is 69 m in water well UMAT 5331 at Adams, 30 m in water well UMAT
(Washington), the Wallula Fault Zone transfers strain to the Hite Fault Zone across the intervening networks of ~N20°E trending gullies that flow northeast to southwest and intersect the N20°W-trending primary g::;ssgé;algizgﬁg’e?pleen'ZF(;l;SRePOl‘t 03-095, 556 p., https://pubs.usgs.gov/of/2003 /ofr-03-095 /0FR_03_095_text.pdf, = \ Mt. Horrible member ' f 5 Y addle Mountains Basalt 5351 at Helix, and 41 m in water well UMAT 57710 at Athena (Figure 5; Plate 1, cross
Milton-Freewater Fault Zone (Blakely and others, 2014; McClaughry and Azzopardi, 2023; Madin and others, stream valleys at acute angles (Figure 5, Plate 1). Western ridge gullies (n = 48) average 1,278 m in length and have Piersol, M.W,, and Sprenké K.F. .2015 A Columbia River Basalt Group Aquifer in sustained drought: Insight from Geophysical 1622 Grande Cold Spring Ridge Member 16.45° W K / Road The Saddle Mountains Basalt erupted between ~14 and 6 Ma and represents the longest eruptive period of all sections).
2023). This transition area marks the possible location of the M6 Milton-Freewater earthquake in 1936 (Blakely ) : : ; : ; e L y : ] Ronde : § 81~ 4 0a CRBG formations (Figure 2). Regionally, Saddle Mountains lava flows are confined by pal raphy and form
) ; a complex, convex length profile (average gradient of 3.9 percent) with gradients abruptly steepening near their Methods: Resources, v. 4., p. 557-596, https://www.mdpi.com/2079-9276/4/3/577, accessed December 16, 2025. Hoskin Gulch Member , / ¥ ormations (Figure 2). Regionally, Saddle Mountains lava flows are co ed by paleotopography and fo .
and oth?r§, 2014; BFOCh‘_?r z.md Sherrosi, 2018). T}}e. M1lton-F.reewater Faul.t Zone is a complefx zone of confluences with the primary valleys. Cross-sectional profiles of western ridge gullies are broad and U-shaped, Pluhar, C.J., Bjornstad, B.N,, Reidel, S.P, Coe, R.S., and Nelson, PB., 2006, Magnetostratigraphic evidence from the Cold Creek Basalt e A e 16.43° 16.41 Ny / thick, channelized, or dammed lava flows characterized by well-developed columnar jointing. The Saddle Winter Water Member
NNW'Strlklng (average strike is NZSOW) linear to curvilinear, vertical to subvertical, normal and/or rlght'lateral averaging Smin depth_ Gu]]y walls adjacent to western ridge gu]]ies have Comparative]y gent]e gradients relative bars for onset of ice-age cataclysmic floods in eastern Washington during the Early Pleistocene: Quaternary Research, v. 65, " ‘ ) J 7 * — nghway Mountains Basalt is represented by the Umatilla Member in the map area:
oblique-slip faults linking the Wallula Fault Zone on the north with the Hite Fault Zone on the southeast. Geologic to the eastern ridge gullies, ranging between 1—14 percent p.123-135, https://www.sciencedirect.com/science/article/abs/pii/S0033589405000979, accessed December 16, 2025. Frye Point member | = : | g Winter Water Member (lower Miocene) (cross section only)—Basaltic andesite lava flows (Si0, =
. . . . . o . . . , g h . . ) . . Z / | ; - Ti0. = ; . - ; —
mapping and review of hlgh-resolutlor? aeromagnetic data indicate this zone (.)c.cuples an. ~40-.km-'w1de area South of the Gerking Creek Quarry Fault, the Qlo-mantled surface is incised by Wildhorse Creek and its Ra¥sz, E., 1945, The Olympic-Wallowa Lineament: Amerlcan]ournall of Saence, V. 243-A, p- 479.-485. . Downey Gulch Member 16,515 X / . | A st Umatilla Member 55.05-56.61 welght percent; TIOZ.— 2.17-2.3 weight percent; MgO = 2'.78—3.79 weight p’ercent, n=>5
between Wallula Gap on the west and Milton-Freewater on the east. The fault position and orientation in the map tributaries: Greasewood Creek, Sand Hollow, Gerking Creek, and Spring Hollow Creeks (Figure 5, Plate 1). Slopes Reidel, S.P, and Tolan, TL., 2013, The Grande Ronde Basalt, Columbia River Basalt Group, in Reidel, S.P, Camp, V.E., Martin, M.E,, o Brady Gulch member ? J / )G, ‘ % ream analyses, 1 outside map area) lying below Tgsmc and above Tgir in the Adams 7.5' quadrangle
isti i _striki i - ike-gsli ’ ’ ! ! ! ’ Ross, M.E., Wolff, ].A., Martin, B.S., Tolan, T.L., and Wells, R.E., eds., The Columbia Ri Flood Basalt Province: Boulder, © i i . . i i _ i i
area are characteristic of Riedel shears at acute angles to t}}e WNW striking r.'lght' lat.eral. strike-slip faulFs in this part of the map area are typically less than 9 percent and few intermittent streams and gullies incise Qlo. Cglssrado Geglo i]cal Soiirein ofAmgriacr; s ec?anl Pa i:rs497 e1i7_15e4 ofumbia River Flood basalt Frovince: Boulder, s Kendrick Grade member \ \ ol Tsu Umatilla Member (middle Miocene)—High-titanium and iron-rich basaltic trachyandesite to (Figures 2, 7; Table .1,.P1ate 1, (.:ross.sectlons). Tgww appears.only in cross-section in the Adams 7.5’
bracketing the Wallula Fault Zone. Normal- to right-lateral oblique-slip deformation is distributed across this ’ sica y p p P ’ o o Center Creek member : ReMiDAQ® 2D lines . = . LT — ; o quadrangle. The unit is recognized in the area only from cuttings retrieved from well UMAT 5331 at
tructural A the ~N30°W-trending Wat ticline. CRBG lava fl hibit . tructural https://pubs.geoscienceworld.org/books/book/661/chapter-abstract/3807152/The-Grande-Ronde-Basalt-Columbia-River @ 16.47° = trachyandesite lava flows (SiO = 53.28-56.24 weight percent; TiO, = 2.61-3.16 weight percent; n =13 Ad G27 to G30) UMAT 5351 at Heli tsid d UMAT 57710 at Ath
structuraf zone. Across the rending Waterman anticiine, ava riows exiiblt opposing structura -Basalt?redirectedFrom=fulltext, accessed December 16, 2025. 20 Skeleton Creek member Rq z \ ~’8_ analyses, 2 outside map area) characterized by high potassium (K,O0 = 2.43-2.88 weight percent), ams (see map nos. 0 ), atHelix (outst er.nap.ar.ea), an a ena
VErgence, s.tepplng down to the wes't on the western limb a.nd down to the eE.‘St on the easte.rn hmlb of the fold axis DISCUSSION Reidel, S.P, Johnson, V.G., and Spane, F.A., 2002, Natural gas storage in basalt aquifers of the Columbia Laboratory, Basin, Pacific 8 Rogersburg member 8 :n.?'m‘ _____ * _____ Syncline phosphorus (P,05 = 0.73-1.06 weight percent), and barium (Ba =2695-3620 ppm; Figures 2, 7; Table (outside map area; McClaughry and Azzopardi, 2.023)' Tgww is dlstlngu1§hed from oveljlylng units
(Azzopardi and others, 2023; Madin and others, 2023; Figure 3a). The Hite Fault Zone is defined by a 20- to Northwest USA: a guide to site characterization: Richland, Wash.,, Pacific Northwest National 277 p., o Teepee Butte Member 3 Q('l 1). Tsu is mapped extensively beneath Qlo in the Adams 7.5’ quadrangle, with the exception of the Tgsmu and Tgsmc by lesser amounts of magnesium (avg MgO = 3.34 weight percent; Figures 2, 7;
25-km-wide set of NNE-striking faults (average strike is N20°E), dominantly down-on-the-west, left-lateral https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-13962.pdf, accessed December 16, 2025. 5 /in \ Al ¢ ; ' : : Table 1). Thickness of Tgww is atleast 53 m in water well UMAT 5331 at Adams and 55 m in water well
, . . . . _ ) ) ; area southwest of the Adams fault (Plate 1, cross section B—B’). The Umatilla Member consists of two
oblique-slip faults, mapped for ~140 km between McKay Creek (OR) and Pomeroy (WA; Kienle and others, 1979; T}.le geology an(.i geomorphology of the M.llton-.Freewater Fault Zone (.ilffer po.tab.ly from the surrounding region Reidel, S.P, Camp, V.E,, Tolan, T.L., and Martin, B.S.,, 2013a, The Columbia River flood basalt province: Stratigraphy, aerial extent, kel Birch Creek rr!ember ~/ : ki BN - 8RN B IN\NMNMEWNINND ¥ AR Y e ----- i ..... Anticline chemically distinctive lava flows thgt are both present in the mzlp area (Laval, 1956; Reidel and others UMAT 57710 at Athena (Figure 5, Plate 1, cross sections). The unit was sampled at a 375 m depth
Kendall, 1981; Personius and others, 1995; Figure 3a). This zone of faulting is divided into four sections by with strong evidence for a causal relationship between neotectonic activity in the area and the observed volume, and physical volcanology, in Reidel, S.P, Camp, V.E., Martin, M.E., Ross, M.E., Wolff, ].A., Martin, B.S., Tolan, T.L., and o Buckhorn Springs Member 16.573* 16.58° FEUTURE b4 call _ e n ) 2 €rs, interval in water well UMAT 5351 at Helix (outside the northwest corner of the quadrangle) but the
. . . . . . eomorphology (Figure 5). Here we present the evidence for this relationship by interpreting the relationships Wells, R.E., eds., The Columbia River Flood Basalt Province: Boulder, Colorado, Geological Soci f America Special P 3 4 R [ 2013a; Figures 2, 7). The older Basalt of Umatilla has titanium contents >2.9 weight percent TiO, i o X ]
Personius and others (1995) from northeast to southwest, including: 1) the Hite section- 2) the Kooskooskie g phology (rig : p p by p 8 p ells, R.E., eds., The Columbia River Flood Basalt Province: Boulder, Colorado, Geological Society of America Special Paper Imnaha 16.60% 16.57 1 APPING { Normal fault, ball and bar ; ; . total thickness of the unit is not known. Tgww has normal magnetic polarity and an age between 16.2
: : ; : between bedrock and surficial units and analyzing drainage patterns on Qlo-mantled ridges within the Adams and 497,p.1-43 S TR PR ’ phosphorous contents <0.9 weight percent P,0s, and barium contents <3000 ppm; the younger Basalt .
section- 3) the Thorn Hollow section (McClaughry and Azzopardi, 2023)- and 4) the Agency section. Fault strands yzing 8ep 8 /P ’ ) . ) T v ¢ on downthrown block ST o . . . and 16.1 Ma (Figure 2).
ghry P gency . . Basalt ) f Sillusi has tit tents <2.9 ht t TiO,, phosph tents >0.9 ht t g
. . . .. . . surrounding Waterman, Helix, and Smeltz 7.5’ quadrangles. https://pubs.geoscienceworld.org/books/book/661/chapter-abstract/3807083/The-Columbia-River-flood-basalt-provinc of sSillusi has titanium contents <Z2.9 weight percent 110;, phosphorous contents >U.2 weight percen
in the Hite fault zone are spatially coincident with and subparallel to the northeast-trending Klamath-Blue ’ ’ ! N \ : : . ; ) :
: : : : : : Within the Milton-Freewater Fault Zone, the N20°W-N40°W-trending primary valleys and intervenin e?redirectedFrom=fulltext, accessed December 16, 2025. 0 Strike-slip fault P05, and barium contents >3000 ppm (Nersinger, 2021; McClaughry and Azzopardi, 2023; Madin and P
Mountain gravity-anomaly lineament, a major geophysical crustal feature recognized along the northwest slopes ¢ Y y y & Reidel. S.P. C VE. Tolan. TL. Kauffi D. and G d. D.L. 2013b, Tectoni lution of the Columbia River flood e = p ’ h 2023: Fi 2 7. Table 1). Based 1 he lava fl derlain in bl b Indian Ridge Member
; EUT . R Qlo-mantled ridges exhibit two differential patterns: parallel drainages on western flanks and dendritic drainages eidel, S.P, Camp, V.E, Tolan, TL, Kauffman, ].D. and Garwood, D.L., , lectonic evolution of the Lolumbia Kiver Hoo — Ro / T™=%" right-lateral offset others, ; Figures 2, 7; Table 1). Based on well logs, the lava flows are underlain in places by
of the Blue Mountains (Riddihough and others, 1986; Wetzel and others, 2018; Figures 1, 3a,b). basalt province, in Reidel, S.P, Camp, V.E.,, Martin, M.E., Ross, M.E., Wolff, ].A., Martin, B.S., Tolan, TL, and Wells, R.E., eds., Th - ; . :
. , ) . : on eastern flanks. This configuration differs markedly from other nearbv drainage patterns, including the plateaus asalt province, in Reidel, 5.5, Lamp, V.., Martin, M.L., Ross, M.E., Wollt, J.A., Martin, B.5., Tolan, 1.L., a ells, R.E, eds,, The . [ — Helix tuffaceous sedimentary rocks (e.g., UMAT 3039; Mabton Member of the Ellensburg Formation). The . . . . . .
Mapped faults in the Adams 7.5 quadrangle all cut the middle Miocene (~14 Ma) Umatilla Member (Tsu) of the : g y y gep ¢ gthep Columbia River Flood Basalt Province: Boulder, Colorado, Geological Society of America Special Paper 497, p. 293-324 16.54 . . . ) . . . Indian Ridge Member (lower Miocene) (cross section only)—Basaltic andesite lava flows shown
pp q g . . . : - ) ) g y p p Y )
. . . . . .. . of Q]o south of the Gerking Creek Quarr Fault, the minimally dissected rolling hills in the area southwest of Steens Stl"lke-Sllp fault, thickness of Tsu is 34 m in water well UMAT 5331 at Adams, 38 m in water well UMAT 5351 at Helix . . . 7 s .
CRBG (Figures 2, 3a; Plate 1, cross sections). Pleistocene or possibly younger fault activity is indicated along the g y ’ y 8 https://pubs.geoscienceworld.org/books/book/661/chapter-abstract/3807278/Tectonic-evolution-of-the-Columbia-River 16.63? 16.64* . . . beneath Tgww and above Tgo in cross section in the Adams 7.5’ quadrangle. The unit is interpreted to
et ; i . X Greasewood Creek and the Spring Hollow Fault (Helix 7.5 quadrangle), and the linear ridge morphology of the ) Basalt = --.iz=--. left-lateral offset. (outside the northwest corner of the quadrangle), and 35 m in water well UMAT 57710 at Athena . : P ;
parallel NNW-striking Sand Hollow, Gerking Flat, and Wildhorse Creek faults, and the WNW-striking Gerking pring : X 7. q : gle), g p gy -flood?redirectedFrom=fulltext, accessed December 16, 2025. e location concealed (outside the east-central boundary of the quadrangle; Figure 5, Plate 1, cross sections). Typical hand be present in the subsurface based on nearby detailed mapping in the Milton-Freewater and Athena
Creek quarry fault based on structural juxtaposition of loess (Qlo) and basalt (Tsu), conspicuous lineaments southwestern Palouse between Helix and the Columbila River (Lewis, 1960). . Reidel, S.P, Fecht, K.R.,, Hutter (l—[.arrold).I.L., Tolan, T:, and Chalmness, M.A, 2021, The Olympic-Wallowa lineament: A new look ~16.756 % | samples are mediam gray (N5) };o mediqum bluigs h’ rg (SB' 5/1) e;nd et .Veyp S 7.5’ quadrangles to the northeast and east (McClaughry and Azzopardi, 2023; Madin and others, 2023;
cutting across loess hills, and deflected stream channels. Linear geomorphic features delineating multiple strands The down-on-the-west Quaternary normal faults hidden beneath the main valleys of the Milton Freewater Fault atan old controversy: Geological Society of America Bulletin, v. 133, p. 115-133, . . e = Sandy Mazama tephra ph e ]g y | e " gray S p Yd_ " I'(}j’ p p y Plate 1, cross sections). Tgir has normal magnetic polarity and an age between 16.2 and 16.1 Ma
of the Weston fault across Qlo mantled uplands in 1-m lidar DEMs also exhibit evidence of probable Quaternar Zone align with the N20°W-N40°W linear divides that separate parallel drainage on western slopes from dendritic https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/133/12/115/586095/The-Olympic-Wallowa-lineamen 17,238 : > I capping or intermixed porphyritic with rare plagioclase and olivine phenocrysts <2 millimeters _(mm) Istributed in a fine- (Figure 2).
displacement P P y drainage on eastern slopes (Figure 5, Plate 1). This alignment indicates that two primary controls are responsible t-A-new-look-at-an-old?redirectedFrom=fulltext, accessed December 16, 2025. : with loess to very fine-grained holocrystalline groundmass. Both the Basalt of Sillusi and the Basalt of Umatilla
P ' for the contrasting drainage patterns observed across the ridges. First, regional folding and Quaternary faulting Riddihough, R, Finn, C., and Couch, R, 1986, Klamath-Blue Mountain lineament, Oregon: Geology, v. 14, p. 528-531, . i . . . ) . have normal magnetic polarity (Figure 2). Tsu is assigned a middle Miocene age based on
beneath the primary valleys helped establish the overall ridge Valle’y structure and catchment orientations https://pubs.geoscienceworld.org/gsa/geology/article-abstract/14/6,/528,/204089/Klamath-Blue-Mountain-lineament-Or Figure 2. Chart showing stratigraphy and nomenclature for the CRBG. Modified from Reidel and others (2002) with updated stratigraphy from stratigraphic position and isotopic ages. The U.S. Energy Research and Development Administration Ortley member
. i i i -1 .2
Milton Freewater Fault Zone Second, Qlo accumulated preferentially on the east facing, leeward sides of the northwest trending ridges, where egon, accessed December 16, 2025. Reidel and Othegrs (20132) and Reidel and Tolan (2013). Reported ages ave Fiom the followmg sources: Barry and (:Eherig(ZOlsB), Ferns and reported a K-Ar age of 14.57 Ma for the Umatilla Member (1976; recalculated by Barry and others, . . . .
d, pr y : 8 . gridages, w Seims, B.A., Bush, J.G., and Crosby, ].W. I1I, 1974, TiO, and geophysical logging criteria for Yakima Basalt correlation, Columbia others (2010); 3Kasbohm and Schoene (2018) and Kasbohm and others (2023; U-Pb); *Kasbohm and others (2023; *°Ar/3°Ar); 5Baksi (2022); N 2013) while Ferns and others (2010) obtained an *Ar/*Ar-*Ar/*Ar isochron £13.64 +0.17 M Tgo Ortley member (lower Miocene) (cross section only)—Basaltic andesite lava flows shown beneath
prevailing southwesterly winds deposited thicker loess on the downthrown sides of the concealed faults (Figure Plateau: Geological Society of America Bulletin, v. 85, 1061-1068, 6Mahood and Benson (2017); “Moore and others (2018); 8Cahoon and others (2020, 2023). Bolded CRBG units either crop out at the surface ‘ whtle Ferns and others obtained a sochron age of 15. : a Tgir and above Tgbc appearing only in cross section in the Adams 7.5 quadrangle. The unit is
The Adams 7.5’ quadrangle includes the western part of the Milton-Freewater Fault Zone (Figure 3a) along the 5, Plate' 1). As a result, areas with linear, parallel drainages. .forme.d on uniform, consistently dipping slopes 'http.s://pubs..geoscienCeworld.org/gsa/gsabulletin/article-abstract/B5/7/1061/201633/Ti02-and-Geophysical-Logging-Cr or are present in the subsurface in the map area. Red lines show horizons of local erosional unconformities. in the upper Grande Ronde River basin (Figure 2). interpreted to be present in the subsurface based on nearby detailed mapping in the Milton-Freewater
west limb of the Waterman anticline and includes the faults described in the section below. underlalr'l by shallow pasalt bedrocl.(. In contrast, the dendrltl'c drainages along.the eastern flanks dfeveloped o lter?'g’:y;llml:’i‘ a;cesiethece;nl;Jer 11)6'501\245'11 SA. Foit B d Barnett. EA. 2016, Active faulti the Wallul and Athena 7.5’ quadrangles to the northeast and east (McClaughry and Azzopardi, 2023; Madin and
Sand Hollow Fault—The Sand Hollow Fault is an entirely concealed N20°W-N30°W-striking fault parallelled by Significant erosmna.l unconformities formed within Qlo on the eastern ridge flanks durmg the Late Pleistocene 1639-1659 ’ P P e 0 0.5 1 ; (Figure 2).
. . . — ’ j [ Se—
Sand Hollow in the northwest part of the map area (Plate 1, cross section A—A"). Evidence for a concealed fault ?am(? early Holos:etne [Flgure be—g). Holocenf: Mazama te.phra accumulated to a mappabl'e thickness theret deeply https://pubs.geoscienceworld.org/gsa/gsabulletin/article/128/11-12/1636/185319/Active-faulting-on-the-Wallula-fault- ) Miles
. : : : incised, dendritic drainages developed within the Milton-Freewater Fault Zone (Figure 5). This thick and 2
includes mapped apparent normal down-on-the-southwest offset of the middle Miocene Umatilla Member (Tsu) widesp'read accumulation of Mazama tephra contrasts markedly with the Qlo mantled minimally. dissected rolling zone-within, accessed December 16, 2025. Buttermilk Canyon member
and Pleistocene to Holocene loess (Qlo) and parallel linear NNW-trending stream drainages in the northern part ' X : " ’ h Staisch, L.M., Angster, S., Bennett, S.E.K,, Blakely, R ]., Sherrod, B., Stephenson, W, and Lasher, J., 2022, Geomorphology,
O.f the map area paired with corresponding NNW-trending aer(?magnetic linearpents (Bllakely and others', 2020a,.b; Eg;ai;’gtt};‘"’;’:: ((i):, (i)r;i:zl‘l’_‘;‘)sgcg;?;koind the Spring Hollow Fault in the Helix 7.5" quadrangle where similar geophysics, a;il geolsoghy alo_ng the Walflula fault zon;:, \;V;lezdingtog and Oreggn: Geolcig;czl }?ocilety of Arr(lje];ica Ab;tralcts ;mtzl?s - Buttermilk Canyon member (lower Miocene) (cross section only)—Basaltic andesite lava flows
Flgure 3b, Plate 1). The concea'led fault is further resolved in an EW-trending ReMlD-AQ® 2b vtelc?aty pro'flle Pleistocfne andpoun er faultin simiiar to that observed in the study area has been mapped along the Wallula Stui\fgrg z\z/il?;zev.Rei'rr?; P;] :EZé/risz?uctf;s e”}(gog/‘)ggaf/{i (11 reci/s‘i/\:; f;gi%rcaar?b/or?l;efcilibza.tic:nmf:)ictfeerif;tria?caenrg ni;rig'e o shown beneath Tgo and above Tggc in cross section in the Adams 7.5’ quadrangle. The unit is
optame'd a!ong an(.i parallel to Piper Road.at the northern epd of Sand Hollow. Her'e, we imaged a distinct vertical Fault Zone in the ady'acerflgt Watermgn 75" auadvansls to the north (Guer}lfero ot pfess) Th;gs e sam’ples: Ra'ldiocarb’OI.l.’V. o 1127_1,155 , High-p g interpreted to be present in the subsurface based on nearby detailed mapping and water well
discontinuity placing Qlo on the west adjacent to underlying Tsu on the east (Figure 4a). Tsu crops out pelow the Wallula Fault Z (:ne coincides with '.cheq oDOS egd enicenter for the 1936 M6 Milton—i:reswaterl earth Eake the https:/ /www.cambri d’g e.oré Jcore /journal; Jradiocarbon/article/highprecision-radiocarbon-age-calibration-for-terrestrial- interpretation in the Milton-Freewater and Athena 7.5' quadrangles to the northeast and east
several meters of Qlo in two places east of the Sand Hollow Fault, ~.0.6 km north of Sand Hollow Road in the lareest historic earthadake recorded in the?repion (Blgkel 1 others. 2014 Brocher and Sherrod 201‘23) , and-marine-samples/1660E9D7A4377 2ACBB56614C1DD09D46, accessed December 16, 2025. (McClaughry and Azzopardi, 2023; Madin and others, 2023; Plate 1, cross sections). Tgbc is present in
northwest corner of the map area and ~0.3 km east of the fault along Piper Road (see map nos. G41 and G42). The & aq g y ’ ’ ¢ : Swanson, D.A., Wright, TL., Hooper, PR, and Bentley, R.D., 1979, Revisions in stratigraphic nomenclature of the Columbia River ylv water well UMAT 57710 at Athena, where itis 41 m thick (McClaughry and Azzopardi, 2023). Tgbc has
Tsu outcrop on Piper Road is at an elevation of 546 m. Directly east of and adjacent to the fault on Piper Road, the a

ReMiDAQ® 2D velocity profile indicates the top of Tsu is at an elevation of ~538 m in the subsurface (Figure 4a).

Tsu does not crop out west of the fault, where the top of basalt is at a comparatively lower elevation. Directly
west of the fault, the ReMiDAQ® 2D velocity profile indicates ~18 m of Qlo overlies Tsu from a land surface
elevation of 542 m down to a subsurface elevation of ~524 m (Figure 4a). An additional ~16 m of loess caps the
ridge above this locality, indicating a cumulative Qlo thickness here of ~34 m. A similar thickness of Qlo is
recognized ~1 km west of the intersection of Piper and Sand Hollow Roads. At this location, ~10 m of clay (Qlo)
overlays basalt (Tsu), as revealed by water well UMAT 3039, drilled in the base of a drainage with a well-head
elevation of 555 m. An additional ~25 m of Qlo forms the ridge above the well head, along Piper Road up to an
elevation of 580 m. The vertical structural juxtaposition of middle Miocene Tsu and Pleistocene to Holocene Qlo
indicates a Pleistocene or Holocene age for the latest fault offset on the Sand Hollow Fault. The ReMiDAQ® 2D
velocity profile indicates 14 m of down-on-the-west vertical normal offset of the upper surface of Tsu across the
fault (Figure 4a, Plate 1, cross section A—A").

The Sand Hollow Fault, south of Piper Road, is also associated with steeply east-dipping Qlo along the western
valley margin, with intercalated 7700 cal. yr B.P. Mazama tephra (Plate 1). Steep slopes of the western valley
margin appear to be systematically crosscut by several inferred N45°E-striking subsidiary faults offsetting the
western Qlo-mantled ridgeline in a left-lateral sense from north to south (Plate 1). If the steep ridges and
left-lateral displaced ridge-crests are fault-related, then the latest offset along this segment of the Sand Hollow
postdates deposition of the Mazama tephra and is of Holocene age.

Gerking Flat Fault—The Gerking Flat Fault is an entirely concealed N20°W-striking normal fault parallelled by
Gerking Creek (Plate 1, cross section A—A'). Evidence for a concealed fault includes mapped apparent
down-on-the-southwest offset of the middle Miocene Umatilla Member (Tsu) and Pleistocene to Holocene loess
(Qlo) and parallel, linear NNW-trending stream drainages in the northern part of the map area paired with
corresponding NNW-trending aeromagnetic lineaments (Blakely and others, 2020a,b; Figure 3, Plate 1). More
details about the concealed fault emerge from an EW-trending ReMiDAQ® 2D velocity profile along and parallel to
Piper Road where it crosses Gerking Creek (Figure 4b). At this location, the profile imaged a distinct vertical
discontinuity, interpreted as a normal fault with ~5 m of down-on-the-west vertical offset of the bedrock surface.
Bedrock here is overlain by 15-20 m of Qlo and Qa. Tsu crops out below several meters of Qlo in one location east
of the Gerking Creek Fault along Gerking Flat Road (see map no. G40). It does not crop out west of the fault, where
overlying loess is >30 m thick based on the ReMiDAQ® 2D velocity profile on Piper Road. The structural
juxtaposition of Tsu and Qlo indicates a Late Pleistocene age for the latest fault offset on the Gerking Flat Fault.
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Figure 5. Landscape map illustrating the interrelations between underlying geologic structure and the distribution of parallel and dendritic drainage
patterns developed on Qlo in the Adams and Waterman 7.5’ quadrangles. Faults, folds, and the overlay of Mazama tephra are from this publication and

Guerrero and others (in press). The base map is a bare-earth 1-m lidar-derived DEM hillshade.
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normal magnetic polarity and an age between 16.3 and 16.2 Ma (Figure 2).

Reversed-polarity (R2) magnetostratigraphic unit and Normal-polarity (N1) magnetostratigraphic unit

The R2 magnetostratigraphic unit is the most aerially extensive and voluminous of the four Grande Ronde Basalt
magnetostratigraphic units, covering ~117,730 km? with an estimated volume of 56,000 km3 (Reidel and Tolan,
2013; Figure 2). Kasbohm and others (2023) reported U-Pb ages for the R2 magnetostratigraphic unit of 16.260 +
0.036 Ma and 16.327 + 0.040 Ma (Figure 2). These workers obtained an *°Ar/3°Ar plateau age of 16.269 + 0.036 Ma
for the Wapshilla Ridge Member of the R2 magnetostratigraphic unit. Baksi (2022) stated “°Ar/**Ar plateau ages
of 16.43 + 0.04 Ma and 16.44 + 0.06 Ma for the middle and lower parts of the R2 unit magnetostratigraphic unit
and an *°Ar/3°Ar plateau age of 16.43 + 0.09 Ma for the uppermost part of the N1 magnetostratigraphic unit,
placing the R2-N1 boundary in the Grande Ronde Basalt at ~16.45 Ma.

Grouse Creek member
Grouse Creek member (lower Miocene) (cross section only)—Basaltic andesite lava flows
interpreted to be present beneath Tgbc in the Adams 7.5’ quadrangle (Plate 1, cross section A—A’).
The presence of Tggc in the subsurface in the map area is recognized by a single analysis on a sample
retrieved from a depth of 526 m in water well UMAT 5331 at Adams (see map no. G31, Table 1). The
sample from the 526 m depth in UMAT 5331 is a basaltic andesite (SiO, = 55.66 weight percent; TiO,
=1.74 weight percent; MgO = 4.27 weight percent; n = 1 analyses) comparable to the Grouse Creek
member mapped east in the Bowlus Hill area by Madin and others (2023; avg TiO, = 1.77 weight
percent, avg MgO = 4.46 weight percent; n = 6 analyses). This sample represents the stratigraphically
lowest sample in the map area. The thickness of Tggc in the area is unknown, as water well UMAT
5331 did not penetrate the entire unit. Grande Ronde Basalt is likely to extend deeper in the map area
but it is not sampled or penetrated by local wells (Plate 1, cross section A—A"). Tggc has reversed
magnetic polarity and an age of ~16.3 Ma (Figure 2).
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Pb 12 10 7 7 9 8 9 8 9 9 8 9 9 8 6 4 6 8 6 10 9 volume: cubic kilometer (km?) m?x 0.24 cubic mile (mi?) Figure 6. Examples of loess (Qlo) interbedded with tephra in the Adams 7.5’ quadrangle. (a) A 10-m-high vertical roadcut of (45.840682, -118.597514). The view is to the north toward a 1.6 m tall person for scale. The black square is the location of the and dominantly Holocene loess overlying Middle to Upper Pleistocene loess. The view is to the west; the shovel for scale is 1.5 m. “titanium gap” is after Seims and others (1974). Data shown includes 471 CRBG analyses from the Walla Walla
La 46 39 28 27 49 29 28 30 27 30 28 27 23 24 21 12 13 23 30 29 21 Expires: 06/30/2026 Middle Pleistocene to Holocene loess along Sand Hollow Road, 0.5 km west of the intersection with Duroc Road (45.861634, inset photograph shown in (d). (d) Close-up view of the north end of the same outcrop as in (c). Pale yellowish brown (10YR 6/2) The white dashed lines mark the contacts between subunits in both (e) and (f). (g) A west-dipping stratigraphic section of and Umatilla River basins reported in this publication, Bush and others (1973), Kuehn (1995), Hutter (1997),
Ce 96 85 52 56 88 56 55 53 49 54 50 52 43 44 41 30 37 42 55 59 42 -118.615161). Roadcut includes a conspicuously white (N9) to pinkish gray (5YR 8/1) ~4-cm-thick planar bedded tephra (see micaceous, quartzo-feldspathic very fine sand- and clay-silt-dominated Holocene loess here overlies a 1.5-m-thick bed of reworked, planar-stratified Mazama tephra overlain by intensely burrowed Holocene loess in the Humbert Landfill (45.83569, Madin and Geitgey (2007), McClaughry and Azzopardi (2023), Madin and others (2023), and Guerrero and
Th 6 6 3 3 9 5 4 5 5 5 7 3 4 6 4 3 5 4 3 7 6 black arrows) correlated to the ~171-130 ka 5-42A tephra collected from a Walker Lake, Nevada, sediment core. The view is to reworked Mazama tephra (45.84086, -118.59789). The white dashed line marks the contact between the subunits. The view is -118.56043). The subunits are separated by dashed white lines; the red-dashed line projects this contact west to the landfill others (in press). Symbol colors are keyed to colors used for the geologic map units on Plate 1. The red-filled
Nd 50 45 34 36 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd the south; the person for scale is 1.6 m tall. (b) East-facing slope of Holocene loess and reworked ~7700-calendar yr B.P. Mazama to the west; the shovel for scale is 1.5 m tall. (e) Erosional unconformity on top of Middle to Upper Pleistocene loess, infilled by highwall. The view is looking south; the bulldozer for scale is ~4 m tall. Geographic locations for all photographs are given in circles are 43 XRF analyses from this publication.
U 3 1 2 1 2 0.8 16 0.8 nd 13 11 nd nd nd 1 nd nd 0.8 nd 21 14 tephra revealed by badger-burrow excavations (45.84859, -118.56551). Excavations are outlined by a dashed white line. The reworked Mazama tephra and Holocene loess in the upper part of the Humbert Landfill (45.83621, -118.56117). The view is to WGS84 geographic coordinates.

Major element determinations have been normalized to a 100-percent total on a volatile-free basis and recalculated with total iron expressed as FeOTotal; nd - no data or element not analyzed; na - not applicable or no information.
Totallnitial, original analytical total. Samples from '"USGS/OWRD, https://apps.wrd.state.or.us/apps/gw/gw_info/gw_info_report/gw_details.aspx?gw_site_id=1008

view is to the west and the shovel for scale is 1.5 m tall. (c) Notable accumulations of loess and interstratified sand-rich Mazama
tephra in unvegetated eolian sand blowouts in east-facing slopes along the west side of Sand Hollow, south of Piper Road

the west; a vertical scale bar in the left of the photograph is 1.5 m tall. The black square shows the location of the inset
photograph shown in (f). (f) Close-up view of the outcrop in (e) revealing the stratigraphic relations between Mazama tephra




