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modern �ill and construction material (upper Holocene)—Uncompacted to engineered and 
reinforced arti�icial or constructed deposits of poorly sorted and crudely layered mixed gravel, sand, 
clay, and other engineered �ill (Plate 1). Areas mapped as Qf are generally associated with road 
embankments, dams and levees, culvert �ills, and mined land (Plate 1). Older �ills are likely 
uncompacted versus newer �ills, which are likely engineered and reinforced using geotextiles or 
retaining structures. The thickness of �ill deposits is as much as 30 m. Qf is assigned as late Holocene, 
ranging in age from the late 1800s to recent times.

alluvium (Holocene and Upper Pleistocene)—Unconsolidated massive to variably strati�ied and 
cross-strati�ied gravel, sand, silt, and clay mapped in and adjacent to stream channels and on 
associated �loodplains (Plate 1). Thickness of unit Qa is 1 to 6 m; bedrock units are locally exposed at 
the bases of stream channels within areas mapped as unit Qa. Qa is assigned a Late Pleistocene to 
Holocene age; the unit includes terraces hosting ash and lapilli derived from the ~7700 cal. yr B.P. 
Plinian eruption of Mount Mazama (Bacon, 1983; Stuiver and others, 1998; Zdanowicz and others, 
1999; Bacon and Lanphere, 2006; Bacon, 2008; Egan and others, 2015; Bacon and Wright, 2017). 
Areas mapped as Qa may contain human-made debris or artifacts as well as other deposits modi�ied 
by humans such as excavations, roadways, and gravel pits.

fan deposits (Holocene and Upper Pleistocene)—Unconsolidated, poorly sorted, poorly graded 
deposits of gravel, sand, silt, and clay in fan-shaped accumulations at the mouths of small and steep 
drainages (Plate 1). The local thickness of Qaf is variable but is commonly <15 m. Qaf includes fan 
deposits of Late Pleistocene and Holocene age.

landslide deposits (upper Holocene)—Unconsolidated sand and silt and more coherent slump 
blocks deposited at the base of steep Qlo slopes in Sand Hollow (Plate 1). Qls is assigned a Holocene 
age as Qlo deposits forming head scarps contain ash and lapilli derived from the ~7700 cal. yr B.P. 
Plinian eruption of Mount Mazama (Bacon, 1983; Stuiver and others, 1998; Zdanowicz and others, 
1999; Bacon and Lanphere, 2006; Bacon, 2008; Egan and others, 2015; Bacon and Wright, 2017).

loess (Holocene to lower Pleistocene)—Chie�ly pale yellowish brown (10YR 6/2), micaceous, 
quartzo-feldspathic very �ine sand-bearing, clay-silt mantling the CRBG (Plate 1). Qlo typically forms a 
massive, featureless deposit that has been pedogenically altered and contains bioturbated calcium 
carbonate- and clay-enriched paleosols with mm- to cm-scale beds, laminations, and lenses of primary 
and reworked tephra. Qlo has been extensively modi�ied during the past century by dry-land 
agricultural cultivation; where Qlo is thin or has been subject to deep tilling, it may be mixed with 
weathered gravel-sized basalt clasts. Qlo is best exposed along roads, decommissioned railroad 
rights-of-way, and on poorly vegetated steep slopes that may reveal stacked sets of loessial paleosols 
and loess deposits whose cross-sectional geometry roughly parallels the modern landscape. Qlo is 
mapped here based on �ield observations, soils maps (Johnson and Makinson, 1988), geologic maps 
(Swanson and others, 1981; Madin and Geitgey; 2007), and interpretation of 1-m lidar DEMs and the 
2020 NAIP orthophoto of Umatilla County (Plate 1). Most exposed contacts occur along 
human-modi�ied boundaries between Qlo and older CRBG units.
     Thickness of Qlo in the Adams 7.5′ quadrangle is variable over the map area as discerned from well 
logs and ReMiDAQ® 2D velocity pro�iles, (Figure 4; Plate 1). The thickest accumulations of Qlo are 
found along the eastern edges of the ~N20°W-trending ridges separated by four parallel alluvial 
valleys in the northern half of the quadrangle (Plate 1). The thickness of Qlo is as much as 25 m west 
of Greasewood Creek at the city of Helix (outside the map area, 5 km west-northwest of Sand Hollow, 
e.g., UMAT 5351), 35 m west of Sand Hollow (e.g., ReMiDAQ® 2D velocity pro�ile; UMAT 3039), 35 m 
west of Gerking Flat (e.g., ReMiDAQ® 2D velocity pro�ile), and 30 m west of Waterman Road (e.g.,  
UMAT 3039). Qlo is as much as 21 m thick across hillcrests west of Greasewood Creek (e.g., UMAT 
51779, UMAT 3047; Figure 4; Plate 1). Roadcuts on western slopes between Gerking Flat and Sand 
Hollow locally reveal up to 6–10 m of Qlo in vertical section (e.g., Piper Road, 0.5 km east of Sand 
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 
3042), 7 m at the city of Adams (e.g., UMAT 5331), 3 m southeast of Wildhorse Creek (UMAT 1428), 
and 5 m at the city of Athena (e.g., UMAT 57710; McClaughry and Azzopardi, 2023; Plate 1). Loess 
deposits <1 m thick are not mapped.  
     Qlo in the Adams 7.5′ quadrangle is part of the Palouse, a loess-dominated landscape that mantles 
>50,000 km2 of the Columbia Plateau in southeastern Washington, northwestern Idaho, and 
northeastern Oregon (Figure 1). The uppermost Palouse loess deposits have been subdivided 
informally into the L1, L2, L3 (youngest to oldest) loess sequences (McDonald and others, 2012) 
dating back ~70,000 years; normal-reversed-normal polarity signatures indicate underlying loess 
deposits date back 1–2 million years (Patton and Baker, 1978; Waitt, 1985; McDonald and Busacca, 
1988; Busacca, 1989; Bjornstad and others, 2001; Pluhar and others, 2006; Baker, 2009). 
Morphologically, the Palouse is subdivided into a northeastern part characterized by a dendritically 
drained, rolling landscape of very �ine sand-bearing, clay-silt loess with 5–20 m of relief and a 
southwestern part characterized by subparallel to parallel, 10–20 m high, 1–5 km long, 
N30°E-trending linear ridges bordered by similarly aligned valleys (Lewis, 1960). The southwestern 
Palouse extends from near Pendleton, Oregon, to the Palouse River west of Colfax, Washington (~20 
km northwest of Pullman); the northeastern Palouse extends from the Palouse River across eastern 
Washington to northwestern Idaho. Qlo particle-size data from a detailed SW-NE traverse across the 
Palouse (Lewis, 1960) revealed a downwind (southwest-to-northeast) decrease in median particle 
size from coarse silt in the southwestern Palouse to medium silt in the northeastern Palouse.  Notably, 
Lewis (1960) did not address the complex morphology of loess deposits east of the prominent linear 
loess ridges he used to characterize the southwestern Palouse.  As described in the ‘interrelations 
between structure and geomorphology’ subsection, the morphologies of the easternmost 
southwestern Palouse Qlo include topographically subdued, though much less numerous, 
N20°E–N30°E-trending linear ridges as well as a fault-in�luenced and dendritically drained loess 
landscape.  
   Qlo in the Adams 7.5′ quadrangle is assigned a Pleistocene and Holocene age based on its 
chronostratigraphic correlation with the northern Palouse loess in Washington (McDonald and others, 
2012; Figure 1). The thickest and most laterally continuous loess contains intercalated deposits of ash 
and lapilli (tephra), including an ~4 cm thick, conspicuously white (N9) to pinkish gray (5YR 8/1), 
massive to planar-strati�ied deposit exposed in the upper part of a 10-m-high vertical roadcut (6.5 m 
above road level) 0.5 km west of the intersection of Sand Hollow Road and Duroc Road (Figure 6a, 
Plate 1). Electron microprobe analyses of 17 glass shards from a sample of this tephra indicate a 
statistical correlation with tephra layer 5-42A recovered from a Walker Lake, Nevada sediment core 
(Herrero-Bervera and others, 1994; map no. G45; Table 2). Although no direct age date exists for 
tephra layer 5-42A, Herrero-Bervera and others (1994) constrained an age for the tephra in Nevada 
between ~171 and ~130 ka. 
     Signi�icant accumulations of tephra are also recognized and mapped near the upper part of Qlo, 
where the unit is notably dissected by a set of dendritic drainages on the east side of three parallel 
NNW-trending ridges north of the Greasewood Creek quarry fault in the Adams 7.5′ quadrangle (Plate 
1). Plate 1 illustrates the distribution of these tephra deposits as a stippled overlay of areas where 
concentrations of sandy Mazama tephra cap or are intermixed with Qlo. In the �ield, areas of Mazama 
tephra are often revealed in the active excavations of badgers who have burrowed into steep, 
east-dipping steep Qlo slopes (Figure 6b). The most distinctive exposures of Mazama tephra in the 
Adams 7.5′ quadrangle are found in east-facing unvegetated eolian sand blowouts exposed along a 
~10 m high loess ridge along the west side of Sand Hollow Road, south of its intersection with Piper 
Road and in exposures in the headwall cuts of the Humbert Land�ill west of Gerking Flat (Plate 1, 
Figure 6c-f). Borehole drilling in Sand Hollow indicates tephra-rich blowouts there are laterally 
discontinuous, with very light gray (N8) tephra concentrated in 3.1 to >5.1 m thick lens-shaped 
deposits. Planar-strati�ied very light gray (N8) tephra deposits exposed in the headwall of Humbert 
Land�ill are ~1 to 2 m thick, mantling the east-facing slope (leeward side) and in�illing an erosional 
unconformity on older Pleistocene Qlo (Figure 6e―g). Tephra is overlain by intensely burrowed 
Holocene loess (Figure 6e―g). Electron microprobe analyses of 103 glass shards from 4 samples 
collected at the Sand Hollow and Humbert Land�ill localities have a statistical correlation with the 
~7700 cal. yr B.P. climactic Plinian eruption of Mount Mazama (Bacon, 1983; Stuiver and others, 1998; 
Zdanowicz and others, 1999; Bacon and Lanphere, 2006; Bacon, 2008; Egan and others, 2015; Bacon 
and Wright, 2017; Table 2; map nos. G37, G38, G39, G43). Similar accumulations of tephra, chemically 
matched to Mount Mazama, have also been found in the southern parts of the Waterman and Smeltz 
7.5′ quadrangles on the north and northwest (Guerrero and others, in press).

The Saddle Mountains Basalt erupted between ~14 and 6 Ma and represents the longest eruptive period of all 
CRBG formations (Figure 2). Regionally, Saddle Mountains lava �lows are con�ined by paleotopography and form 
thick, channelized, or dammed lava �lows characterized by well-developed columnar jointing. The Saddle 
Mountains Basalt is represented by the Umatilla Member in the map area:

Stippled overlay pattern depicts areas where concentrations of sandy Mazama tephra 
(Holocene) cap or are intermixed with loess.

Umatilla Member (middle Miocene)—High-titanium and iron-rich basaltic trachyandesite to 
trachyandesite lava �lows (SiO₂ = 53.28–56.24 weight percent; TiO₂ = 2.61–3.16 weight percent; n = 13 
analyses, 2 outside map area) characterized by high potassium (K₂O = 2.43–2.88 weight percent), 
phosphorus (P₂O₅ = 0.73–1.06 weight percent), and barium (Ba = 2695–3620 ppm; Figures 2, 7; Table 
1). Tsu is mapped extensively beneath Qlo in the Adams 7.5′ quadrangle, with the exception of the 
area southwest of the Adams fault (Plate 1, cross section B―B′). The Umatilla Member consists of two 
chemically distinctive lava �lows that are both present in the map area (Laval, 1956; Reidel and others, 
2013a; Figures 2, 7). The older Basalt of Umatilla has titanium contents >2.9 weight percent TiO₂, 
phosphorous contents <0.9 weight percent P₂O₅, and barium contents <3000 ppm; the younger Basalt 
of Sillusi has titanium contents <2.9 weight percent TiO₂, phosphorous contents >0.9 weight percent 
P₂O₅, and barium contents >3000 ppm (Nersinger, 2021; McClaughry and Azzopardi, 2023; Madin and 
others, 2023; Figures 2, 7; Table 1). Based on well logs, the lava �lows are underlain in places by 
tuffaceous sedimentary rocks (e.g., UMAT 3039; Mabton Member of the Ellensburg Formation). The 
thickness of Tsu is 34 m in water well UMAT 5331 at Adams, 38 m in water well UMAT 5351 at Helix 
(outside the northwest corner of the quadrangle), and 35 m in water well UMAT 57710 at Athena 
(outside the east-central boundary of the quadrangle; Figure 5, Plate 1, cross sections). Typical hand 
samples are medium gray (N5) to medium bluish gray (5B 5/1) and aphyric to very sparsely 
porphyritic with rare plagioclase and olivine phenocrysts <2 millimeters (mm) distributed in a �ine- 
to very �ine-grained holocrystalline groundmass. Both the Basalt of Sillusi and the Basalt of Umatilla 
have normal magnetic polarity (Figure 2). Tsu is assigned a middle Miocene age based on 
stratigraphic position and isotopic ages. The U.S. Energy Research and Development Administration 
reported a K-Ar age of 14.57 Ma for the Umatilla Member (1976; recalculated by Barry and others, 
2013) while Ferns and others (2010) obtained an 40Ar/36Ar–40Ar/39Ar isochron age of 13.64 + 0.17 Ma 
in the upper Grande Ronde River basin (Figure 2).

Basalt of Sentinel Gap (lower Miocene)—Flow-on-�low sequence of high-titanium and iron-rich basalt lava 
�lows (SiO₂ = 50.89–53.71 weight percent; TiO₂ = 3.00–3.30 weight percent; P₂O₅ = 0.58–0.69 weight percent; n = 
18 analyses, 6 outside map area) mapped in the western and southern parts of the Adams 7.5′ quadrangle (Figures 
2, 7; Table 1; Plate 1, cross sections). The stratigraphically lowest geologic unit cropping out in the Adams 7.5′ 
quadrangle is the low-phosphorous lava �lows (Twfsl) that form the upper part of the Basalt of Sentinel Gap (Plate 
1, cross sections). Dikes correlated with the Basalt of Sentinel Gap (Twfsl, Twfsh) have been mapped between the 
Thorn Hollow and Saddle Hollow faults in the adjacent Athena 7.5′ quadrangle (McClaughry and Azzopardi, 2023). 
The Basalt of Sentinel Gap (Twfsl, Twfsh) is distinguished from the underlying Basalt of Sand Hollow (Tw�h) by 
its relatively higher amounts of titanium (avg TiO₂ = 3.07 weight percent) and phosphorus (avg P₂O₅ = 0.60 weight 
percent) and lesser amounts of chromium (avg Cr = 17 ppm; Figures 2, 7; Table 1). Thickness of the Basalt of 
Sentinel Gap (Twfsl, Twfsh) is as much as 165 m in the southern part of the map area and 125 m across the 
northern part of the map area (Plate 1, cross sections). Typical hand samples are medium dark gray (N4) to dark 
gray (N2) and aphyric to very sparsely porphyritic with <1 percent volume clear to pale yellowish orange (10YR 
8/6) plagioclase microphenocrysts and phenocrysts ≤7 mm and <2 percent volume grayish black (N2) 
clinopyroxene microphenocrysts, enclosed within a �ine-grained holocrystalline to hypocrystalline groundmass of 
plagioclase, intergranular clinopyroxene, iron-titanium oxides, and intersertal glass. The Basalt of Sentinel Gap 
(Twfsl, Twfsh) has normal magnetic polarity and an age between 16.1 and 15.9 Ma (Figure 2). Subdivided in the 
map area into the following units:

Basalt of Sentinel Gap, low-phosphorus lava �lows (lower Miocene)—Flow-on-�low 
sequence of high-titanium and lower-phosphorus basalt lava �lows (SiO₂ = 50.89–53.71 
weight percent; TiO₂ = 3.03–3.30 weight percent; P₂O₅ = 0.58–0.64 weight percent; n = 15 
analyses, 5 outside map area) mapped in the western and southern parts of the Adams 7.5′ 
quadrangle (Figures 2, 7; Table 1, Plate 1, cross sections). Twfsl is additionally recognized 
from cuttings retrieved from wells UMAT 5331 at Adams (see map nos. G08 to G11), UMAT 
5351 at Helix (outside map area), and UMAT 57710 at Athena (outside map area; 
McClaughry and Azzopardi, 2023). Thickness of Twfsl is 80 m in water well UMAT 5331 at 
Adams, 61 m in water well UMAT 5351 at Helix, and 74 m in water well UMAT 57710 at 
Athena (Figure 5, Plate 1, cross sections). 

Basalt of Sentinel Gap, high-phosphorus lava �lows (lower Miocene) (cross section 
only)—Flow-on-�low sequence of high-titanium and higher-phosphorus basalt lava �lows 
(SiO₂ = 51.74–53.53 weight percent; TiO₂ = 3.0–3.12 weight percent; P₂O₅ = 0.65–0.69 
weight percent; n = 3 analyses, 1 outside map area) lying beneath Twfsl and above Tw�h 
in the Adams 7.5′ quadrangle (Figures 2, 7; Table 1; Plate 1, cross sections). Recognized in 
the area only from cuttings retrieved from well UMAT 5331 at Adams (see map nos. G12 
and G13), UMAT 5351 at Helix (outside map area), and UMAT 57710 at Athena (outside 
map area; McClaughry and Azzopardi, 2023). Thickness of Twfsh is 85 m in water well 
UMAT 5331 at Adams, 45 m in water well UMAT 5351 at Helix, and 48 m in water well 
UMAT 57710 at Athena (Figure 5, Plate 1, cross sections). 

Basalt of Sand Hollow (lower Miocene) (cross section only)—Flow-on-�low sequence of 
high-titanium basalt lava �lows (SiO₂ = 50.98–53.3 weight percent; TiO₂ = 2.65–3.16 weight percent; 
P₂O₅ = 0.53–0.6 weight percent; n = 9 analyses, 6 outside map area) lying beneath Twfsh and above 
Tgsmu in the Adams 7.5′ quadrangle (Figures 2, 7; Table 1, Plate 1, cross sections). Tw�h appears only 
in cross-section in the Adams 7.5′ quadrangle and is recognized in the map area only from cuttings 
retrieved from water wells UMAT 5331 at Adams (see map nos. G14 to G16), UMAT 5351 at Helix 
(outside map area), and UMAT 57710 at Athena (outside map area; McClaughry and Azzopardi, 2023). 
Tw�h is distinguished from overlying Twfsh by higher amounts of chromium (avg Cr = 49 ppm), lower 
titanium (avg TiO₂ = 2.98 weight percent) and phosphorus (avg P₂O₅ = 0.57 weight percent), and 
higher magnesium (avg MgO = 4.16 weight percent) than other Frenchman Springs units (Figures 2, 7; 
Table 1). Thickness of Tw�h is 55 m in water well UMAT 5331 at Adams, 115 m in water well UMAT 
5351 at Helix, and 79 m in water well UMAT 57710 at Athena (Figure 5; Plate 1, cross sections). Tw�h 
has normal magnetic polarity and an age between 16.1 and 15.9 Ma (Figure 2). 

The Grande Ronde Basalt is the thickest, most voluminous formation of the CRBG (Reidel and Tolan, 2013). The 
formation spans at least four paleomagnetic zones and has been stratigraphically subdivided into four normal and 
reversed polarity magnetostratigraphic units (R1, N1, R2, N2) by Swanson and others (1979; Figure 2). No Grande 
Ronde lava �lows crop out at the surface in the Adams 7.5′ quadrangle, but several members have been interpreted 
to be present in the subsurface, based on geochemical analyses of well cuttings retrieved from water wells in the 
cities of Helix, Adams, and Athena. Grande Ronde lava �lows identi�ied through geochemistry beneath the map 
area, include the Sentinel Bluffs (Tgsmu, Tgsmc), Winter Water (Tgww), and Grouse Creek (Tgcc) members 
(Figure 2, Plate 1, cross sections). Mapping to the east suggests the Indian Ridge (Tgir), Ortley (Tgo), and 
Buttermilk Canyon (Tgbc) members are likely also present at depth (McClaughry and Azzopardi, 2023; Madin and 
others, 2023). Grand Ronde lava �lows are generally monotonously �ine-grained, aphyric, and texturally 
non-distinctive tholeiitic basalts and basaltic andesites with relatively homogeneous chemical compositions 
(Table 1). The Grande Ronde Basalt differs from the overlying Wanapum Basalt by the local presence of the 
intervening Vantage Member of the Ellensburg Formation, the conspicuous absence of large plagioclase 
phenocrysts and glomerocrysts, and signi�icantly lesser titanium contents (Swanson and others, 1979; Hooper, 
2000; Tolan and others, 2009; Figure 7, Table 1). 

The N2 magnetostratigraphic unit is the youngest Grande Ronde Basalt magnetostratigraphic unit, covering 
~114,500 km2 with an estimated volume of 35,300 cubic kilometers (km3; Reidel and Tolan, 2013; Figure 2). Ages 
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 
overlying Vantage Member and 16.260 ± 0.036 Ma from the red clay (bole) between the underlying Meyer Ridge 
and Wapshilla Ridge members of the R2 magnetostratigraphic unit (Kasbohm and others, 2023; Figure 2). 
Subdivided in the map area into the following units:

The Wanapum Basalt in the Adams 7.5′ quadrangle consists of lava �lows assigned to the Frenchman Springs 
Member (Figure 2). In the map area, Wanapum Basalt differs from the older Grande Ronde Basalt by the presence 
of widely scattered to conspicuous large plagioclase phenocrysts and markedly higher titanium contents (Figure 
7, Table 1). U-Pb ages from silicic tuff interbeds between lava �lows on the Columbia Plateau constrained the 
eruption of the Frenchman Springs Member between 16.1 and 15.9 Ma (Kasbohm and Schoene, 2018; Kasbohm 
and others, 2023). Additional 40Ar/39Ar dating by Baksi (2022) further re�ined the eruption ages of the entirety of 
the Frenchman Springs Member to ~16.1 Ma. The Wanapum Basalt is subdivided in the map area into the 
following units:

Sentinel Bluffs Member (lower Miocene) (cross section only)—Flow-on-�low sequence of high-magnesium 
basaltic andesite lava �lows (SiO₂ = 53.10–55.12 weight percent; TiO₂ = 1.75–2.17 weight percent; MgO = 
4.12–5.26 weight percent; n = 15 analyses, 5 outside map area) lying beneath the Frenchman Springs Member 
(Tw�h) and above the Winter Water Member (Tgww) in the Adams 7.5′ quadrangle (Figures 2, 7; Table 1, Plate 1, 
cross sections). The Sentinel Bluffs Member (Tgsmu, Tgsmc) differs from other members of the Grande Ronde 
Basalt in the map area on the basis of lesser amounts of silica (avg SiO₂ = 54.29 weight percent) and higher 
magnesium contents (avg MgO = 4.7 weight percent; Figures 2, 7; Table 1). Thickness of the Sentinel Bluffs 
Member (Tgsmu, Tgsmc) is as much as 105 m in cross section (Plate 1, cross sections). The Sentinel Bluffs 
Member (Tgsmu, Tgsmc) has normal magnetic polarity and an age of between 16.2 and 16.1 Ma (Figure 2). 
Subdivided in the map area into the following units: 

Basalt of Museum (lower Miocene) (cross section only)—Basaltic andesite lava �lows 
(SiO₂ = 54.39–55.12 weight percent; TiO₂ =1.75–1.86 weight percent; MgO = 4.61–4.85 
weight percent; n = 3 analyses) mapped at the top of the Sentinel Bluffs Member in the 
Adams 7.5′ quadrangle (Figures 2, 7; Table 1; Plate 1, cross sections). Tgsmu only appears 
in cross-section in the Adams 7.5′ quadrangle. Recognized in the area only from cuttings 
retrieved from well UMAT 5331 at Adams (see map nos. G17 to G19), UMAT 5351 at Helix 
(outside map area), and UMAT 57710 at Athena (outside map area; McClaughry and 
Azzopardi, 2023). Distinguished from underlying unit Tgsmc based on lesser contents of 
titanium (avg TiO₂ = 1.79 weight percent; Figures 2, 7; Table 1). Thickness of Tgsmu is 35 
m in water well UMAT 5331 at Adams, 61 m in water well UMAT 5351 at Helix, and 63 m 
in water well UMAT 57710 at Athena (Figure 5, Plate 1, cross sections). Kasbohm and 
others (2023) reported an 40Ar/39Ar groundmass age of 16.135 ± 0.04 Ma. Baksi (2022) 
reported a similar 40Ar/39Ar plateau age of 16.15 ± 0.07 Ma (Figure 2). 

Basalt of McCoy Canyon (lower Miocene) (cross section only)—Basaltic andesite lava 
�lows (SiO₂ = 53.1–55.05 weight percent; TiO₂ =1.87–2.17 weight percent; MgO = 
4.12–5.26 weight percent; n = 12 analyses, 5 outside map area) mapped below Tgsmu and 
above Tgww in the Adams 7.5′ quadrangle (Figures 2, 7; Table 1, Plate 1, cross sections). 
Tgsmc appears only in cross-section in the Adams 7.5′ quadrangle. Recognized in the area 
only from cuttings retrieved from well UMAT 5331 at Adams (see map nos. G20 to G26), 
UMAT 5351 at Helix (outside map area), and UMAT 57710 at Athena (outside map area; 
McClaughry and Azzopardi, 2023). Distinguished from overlying unit Tgsmu based on 
higher contents of titanium (avg TiO₂ = 2.02 weight percent) and from underlying Tgww 
by higher amounts of magnesium (avg MgO = 4.67 weight percent; Figures 2, 7; Table 1). 
Thickness of Tgsmc is 69 m in water well UMAT 5331 at Adams, 30 m in water well UMAT 
5351 at Helix, and 41 m in water well UMAT 57710 at Athena (Figure 5; Plate 1, cross 
sections). 

Winter Water Member (lower Miocene) (cross section only)—Basaltic andesite lava �lows (SiO₂ = 
55.05–56.61 weight percent; TiO₂ = 2.17–2.3 weight percent; MgO = 2.78–3.79 weight percent; n = 5 
analyses, 1 outside map area) lying below Tgsmc and above Tgir in the Adams 7.5′ quadrangle 
(Figures 2, 7; Table 1; Plate 1, cross sections). Tgww appears only in cross-section in the Adams 7.5′ 
quadrangle. The unit is recognized in the area only from cuttings retrieved from well UMAT 5331 at 
Adams (see map nos. G27 to G30), UMAT 5351 at Helix (outside map area), and UMAT 57710 at Athena 
(outside map area; McClaughry and Azzopardi, 2023). Tgww is distinguished from overlying units 
Tgsmu and Tgsmc by lesser amounts of magnesium (avg MgO = 3.34 weight percent; Figures 2, 7; 
Table 1). Thickness of Tgww is at least 53 m in water well UMAT 5331 at Adams and 55 m in water well 
UMAT 57710 at Athena (Figure 5, Plate 1, cross sections). The unit was sampled at a 375 m depth 
interval in water well UMAT 5351 at Helix (outside the northwest corner of the quadrangle) but the 
total thickness of the unit is not known. Tgww has normal magnetic polarity and an age between 16.2 
and 16.1 Ma (Figure 2). 

Indian Ridge Member (lower Miocene) (cross section only)—Basaltic andesite lava �lows shown 
beneath Tgww and above Tgo in cross section in the Adams 7.5′ quadrangle. The unit is interpreted to 
be present in the subsurface based on nearby detailed mapping in the Milton-Freewater and Athena 
7.5′ quadrangles to the northeast and east (McClaughry and Azzopardi, 2023; Madin and others, 2023; 
Plate 1, cross sections). Tgir has normal magnetic polarity and an age between 16.2 and 16.1 Ma 
(Figure 2).

Ortley member (lower Miocene) (cross section only)—Basaltic andesite lava �lows shown beneath 
Tgir and above Tgbc appearing only in cross section in the Adams 7.5′ quadrangle. The unit is 
interpreted to be present in the subsurface based on nearby detailed mapping in the Milton-Freewater 
and Athena 7.5′ quadrangles to the northeast and east (McClaughry and Azzopardi, 2023; Madin and 
others, 2023; Plate 1, cross sections). Tgo has normal magnetic polarity and an age of 16.3-16.2 Ma 
(Figure 2). 

Buttermilk Canyon member (lower Miocene) (cross section only)—Basaltic andesite lava �lows 
shown beneath Tgo and above Tggc in cross section in the Adams 7.5′ quadrangle. The unit is 
interpreted to be present in the subsurface based on nearby detailed mapping and water well 
interpretation in the Milton-Freewater and Athena 7.5′ quadrangles to the northeast and east 
(McClaughry and Azzopardi, 2023; Madin and others, 2023; Plate 1, cross sections). Tgbc is present in 
water well UMAT 57710 at Athena, where it is 41 m thick (McClaughry and Azzopardi, 2023). Tgbc has 
normal magnetic polarity and an age between 16.3 and 16.2 Ma (Figure 2). 

Grouse Creek member (lower Miocene) (cross section only)—Basaltic andesite lava �lows 
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 (SiO₂ = 55.66 weight percent; TiO₂ 
=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 TiO₂ = 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). 

The R2 magnetostratigraphic unit is the most aerially extensive and voluminous of the four Grande Ronde Basalt 
magnetostratigraphic units, covering ~117,730 km2 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 40Ar/39Ar plateau age of 16.269 ± 0.036 Ma 
for the Wapshilla Ridge Member of the R2 magnetostratigraphic unit. Baksi (2022) stated 40Ar/39Ar 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 40Ar/39Ar 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. 

The Columbia River Basalt Group (CRBG) is an extensive succession of tholeiitic basalt and basaltic andesite lava 
�lows covering more than 210,000 km2 in parts of Washington, Oregon, Idaho, and Nevada (Reidel and others, 
2013a; Figures 1, 2). In the Adams 7.5′ quadrangle, CRBG lava �lows largely underlie an extensive cover of early 
Pleistocene to Holocene loess (Qlo). Only the Umatilla Member (Tsu) of the Saddle Mountains Basalt and the 
uppermost part (Twfsl) of the Frenchman Springs Member of the Wanapum Basalt crop out in the map area. Older 
units of the Wanapum and Grande Ronde Basalt are only present in the subsurface (Figure 2, Plate 1, cross 
sections). These older units appear here only in cross-section based on detailed mapping in the surrounding 
Waterman, Milton-Freewater, Athena, Cayuse, and Mission 7.5′ quadrangles and geochemical identi�ication in 
water wells in the Adams, Athena, and Helix 7.5′ quadrangles (Ferns, 2006; Ferns and Ely, 2006; McClaughry and 
Azzopardi, 2023; Madin and others, 2023; Guerrero and others, in press; Figure 2; Plate 1, cross section A―A′; ). 
Aggregate thickness of the CRBG in the Adams 7.5′ quadrangle exceeds 525 m.
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Geologic structure in the Adams 7.5′ quadrangle consists of a thick section of horizontal to shallowly dipping (<1°) 
conformable lower to middle Miocene CRBG lava �lows that are broadly folded with a wavelength of 20–23 
kilometers (km). CRBG lava �lows in the map area are overlain by 1―35 m of Pleistocene and Holocene loess. A 
network of intersecting faults crosscuts both the basalt and, locally, loess in the map area (Figure 3, Plate 1, cross 
sections). The axis of the broad NE-trending Agency syncline is present in the southern part of the quadrangle, 
where it is followed by Wildhorse Creek. The NNW-trending Waterman anticline appears in the northeast part of 
the map area and continues into the Waterman 7.5′ quadrangle on the north. 
     Three major fault zones regionally converge in this part of the Columbia Plateau, including the WNW-striking 
Wallula Fault Zone, NNW-striking Milton-Freewater Fault Zone, and the NNE-striking Hite Fault Zone (Hooper and 
Conrey, 1989; Kuehn, 1995; Hutter, 1997; Reidel and others, 2013b; Reidel and others, 2021; McClaughry and 
Azzopardi, 2023; Madin and others, 2023; Figures 1, 3). The Wallula Fault Zone is a set of locally active, 
WNW-striking right-lateral strike-slip faults and N-S-striking normal faults mapped for ~120 km from Kennewick, 
Washington, through Milton-Freewater, Oregon (Sherrod and others, 2016; Staisch and others, 2022). It parallels 
and is an integral part of the Olympic-Wallowa Lineament, an ~500-km-long collection of WNW-trending 
seismically active structural and physiographic features delineated between the Olympic Mountains of western 
Washington and the Blue Mountains of northeast Oregon (Raisz, 1945; Reidel and others, 2021). West and 
northwest of the Wallula Fault Zone in eastern Washington, strain is accommodated along approximately 
east-west-trending folds in the Yakima Fold Belt (Staisch and others, 2022; Figure 1). East of Wallula Gap 
(Washington), the Wallula Fault Zone transfers strain to the Hite Fault Zone across the intervening 
Milton-Freewater Fault Zone (Blakely and others, 2014; McClaughry and Azzopardi, 2023; Madin and others, 
2023). This transition area marks the possible location of the M6 Milton-Freewater earthquake in 1936 (Blakely 
and others, 2014; Brocher and Sherrod, 2018). The Milton-Freewater Fault Zone is a complex zone of 
NNW-striking (average strike is N25°W) linear to curvilinear, vertical to subvertical, normal and/or right-lateral 
oblique-slip faults linking the Wallula Fault Zone on the north with the Hite Fault Zone on the southeast. Geologic 
mapping and review of high-resolution aeromagnetic data indicate this zone occupies an ~40-km-wide area 
between Wallula Gap on the west and Milton-Freewater on the east. The fault position and orientation in the map 
area are characteristic of Riedel shears at acute angles to the WNW-striking right-lateral strike-slip faults 
bracketing the Wallula Fault Zone. Normal- to right-lateral oblique-slip deformation is distributed across this 
structural zone.  Across the ~N30°W-trending Waterman anticline, CRBG lava �lows exhibit opposing structural 
vergence, stepping down to the west on the western limb and down to the east on the eastern limb of the fold axis 
(Azzopardi and others, 2023; Madin and others, 2023; Figure 3a). The Hite Fault Zone is de�ined by a 20- to 
25-km-wide set of NNE-striking faults (average strike is N20°E), dominantly down-on-the-west, left-lateral 
oblique-slip faults, mapped for ~140 km between McKay Creek (OR) and Pomeroy (WA; Kienle and others, 1979; 
Kendall, 1981; Personius and others, 1995; Figure 3a). This zone of faulting is divided into four sections by 
Personius and others (1995) from northeast to southwest, including: 1) the Hite section- 2) the Kooskooskie 
section- 3) the Thorn Hollow section (McClaughry and Azzopardi, 2023)- and 4) the Agency section. Fault strands 
in the Hite fault zone are spatially coincident with and subparallel to the northeast-trending Klamath–Blue 
Mountain gravity-anomaly lineament, a major geophysical crustal feature recognized along the northwest slopes 
of the Blue Mountains (Riddihough and others, 1986; Wetzel and others, 2018; Figures 1, 3a,b). 
     Mapped faults in the Adams 7.5′ quadrangle all cut the middle Miocene (~14 Ma) Umatilla Member (Tsu) of the 
CRBG (Figures 2, 3a; Plate 1, cross sections). Pleistocene or possibly younger fault activity is indicated along the 
parallel NNW-striking Sand Hollow, Gerking Flat, and Wildhorse Creek faults, and the WNW-striking Gerking 
Creek quarry fault based on structural juxtaposition of loess (Qlo) and basalt (Tsu), conspicuous lineaments 
cutting across loess hills, and de�lected stream channels. Linear geomorphic features delineating multiple strands 
of the Weston fault across Qlo mantled uplands in 1-m lidar DEMs also exhibit evidence of probable Quaternary 
displacement.

The geology and geomorphology of the Milton-Freewater Fault Zone differ notably from the surrounding region 
with strong evidence for a causal relationship between neotectonic activity in the area and the observed 
geomorphology (Figure 5). Here we present the evidence for this relationship by interpreting the relationships 
between bedrock and sur�icial units and analyzing drainage patterns on Qlo-mantled ridges within the Adams and 
surrounding Waterman, Helix, and Smeltz 7.5′ quadrangles.
  Within the Milton-Freewater Fault Zone, the N20°W–N40°W-trending primary valleys and intervening 
Qlo-mantled ridges exhibit two differential patterns: parallel drainages on western �lanks and dendritic drainages 
on eastern �lanks. This con�iguration differs markedly from other nearby drainage patterns, including the plateaus 
of Qlo south of the Gerking Creek Quarry Fault, the minimally dissected rolling hills in the area southwest of 
Greasewood Creek and the Spring Hollow Fault (Helix 7.5′ quadrangle), and the linear ridge morphology of the 
southwestern Palouse between Helix and the Columbia River (Lewis, 1960).
      The down-on-the-west Quaternary normal faults hidden beneath the main valleys of the Milton Freewater Fault 
Zone align with the N20°W–N40°W linear divides that separate parallel drainage on western slopes from dendritic 
drainage on eastern slopes (Figure 5, Plate 1). This alignment indicates that two primary controls are responsible 
for the contrasting drainage patterns observed across the ridges. First, regional folding and Quaternary faulting 
beneath the primary valleys helped establish the overall ridge valley structure and catchment orientations. 
Second, Qlo accumulated preferentially on the east facing, leeward sides of the northwest trending ridges, where 
prevailing southwesterly winds deposited thicker loess on the downthrown sides of the concealed faults (Figure 
5, Plate 1). As a result, areas with linear, parallel drainages formed on uniform, consistently dipping slopes 
underlain by shallow basalt bedrock. In contrast, the dendritic drainages along the eastern �lanks developed 
where thick accumulations of Qlo built up on the downthrown sides of the faults hidden beneath the main valleys.
     Signi�icant erosional unconformities formed within Qlo on the eastern ridge �lanks during the Late Pleistocene 
and early Holocene (Figure 6e―g). Holocene Mazama tephra accumulated to a mappable thickness where deeply 
incised, dendritic drainages developed within the Milton–Freewater Fault Zone (Figure 5). This thick and 
widespread accumulation of Mazama tephra contrasts markedly with the Qlo mantled, minimally dissected rolling 
hills southwest of Greasewood Creek and the Spring Hollow Fault in the Helix 7.5′ quadrangle where similar 
Mazama tephra deposits are uncommon.
     Pleistocene and younger faulting similar to that observed in the study area has been mapped along the Wallula 
Fault Zone in the adjacent Waterman 7.5′ quadrangle to the north (Guerrero and others, in press). This segment of 
the Wallula Fault Zone coincides with the proposed epicenter for the 1936 M6 Milton-Freewater earthquake, the 
largest historic earthquake recorded in the region (Blakely and others, 2014; Brocher and Sherrod, 2018).
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Fieldwork for this study included collecting data along roads and conducting traverses across private lands to map 
lithologic contacts and faults. Geologic mapping data in the Adams 7.5′ quadrangle were collected digitally using a 
GPS-enabled Apple® iPad® 4 and loaded with Esri™ Collector following standard DOGAMI procedures outlined in 
Duda and others (2018, 2019). We used 1-meter (m) lidar digital elevation models (DEMs; 8 pts/m2), USGS 10-m 
DEMs, USGS digital raster graphics of traditional topographic maps, and digital Esri™ imagery as base maps. 
Additionally, we recorded textural observations according to the criteria below and collected samples from 
different outcrops for later laboratory analysis. Volcanic rocks with �ine-grained (<1 mm) average crystal or 
particle size in the groundmass are characterized in the following manner (Mackenzie and others, 1997; Le Maitre 
and others, 2002):
▪ 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 

using a hand lens (>~0.05 mm)
▪ As �ine groundmass if crystals or grains of average size can be determined only by using a microscope or by 

recognition of when viewing through a hand lends of a sparkle or sheen in re�lected light (indicating the 
presence of crystalline groundmass)

▪ As glassy groundmass if the groundmass has (fresh) or originally had (altered) the characteristics of glass 
(e.g., conchoidal fracture; sharp, transparent edges; vitreous luster) 

▪ As intersertal if the groundmass has mixtures of crystalline and glassy characteristics; ratios of glass to 
crystalline materials may be indicated by textural terms including holocrystalline, hypocrystalline, 
hyalophitic, hyalopilitic, and holohyaline

▪ As containing microphenocrysts if crystals observed are larger than the overall groundmass and <1 mm 
across

     Because many CRBG lava �lows are so �ine-grained and glassy, mineralogical criteria alone are insuf�icient to 
characterize these texturally similar but chemically different lava �lows. As a result, whole-rock X-ray �luorescence 
(XRF) geochemical data are essential for separating these dif�icult-to-distinguish CRBG lava �lows. Whole-rock 
geochemical samples were prepared and analyzed by XRF at the Washington State University GeoAnalytical Lab in 
Pullman, Washington according to Johnson and others (1999). Major element determinations are normalized to a 
100 percent total on a volatile-free basis and recalculated with total iron expressed as FeOTotal (Table 1).
     Chemical compositions for glass shards from tephra samples were obtained using a JEOL 8500F �ield emission 
electron microprobe at the Washington State University GeoAnalytical Lab (Table 2). Analytical results from our 
glass shard populations were statistically compared to a searchable reference database of western U.S. tephra 
compositions and ages. 
     To assess stream drainage morphology of secondary tributaries in the map area, we reviewed and analyzed 1-m 
lidar DEMs. We generated length pro�iles of streams from line segments with points taken every 33 m. We also 
generated cross-sectional pro�iles every 153 m from the headwaters to the intersection with the primary drainage, 
with generation of points along each of these cross-sectional lines every 33 m. These pro�iles were 305 m in length, 
centered on the stream center line. Finally, we evaluated cross-sectional and longitudinal pro�iles for all line and 
point features by extracting their respective elevations.
  To delineate subsurface geology and the numerous concealed faults in the map area, we conducted 
surface-outcrop mapping, analyzed water-well logs, and interpreted high-resolution aeromagnetic data (Blakely 
and others, 2020a,b). Subsurface geology shown in the geologic cross sections incorporates lithologic 
interpretations from water-well drill records located by the Oregon Water Resources Department (OWRD) GRID 
system (http://apps.wrd.state.or.us/apps/gw/well_log/; Plate 1). The geodatabase includes 36 located 
water-well logs with interpreted subsurface geologic units. Cross section A―A′ anchors on geochemical analysis of 
cuttings obtained from water wells in the city Athena (e.g., UMAT 57710) and the city of Helix (e.g., UMAT 5351). 
Cross section B―B′ anchors on geochemical analysis of cuttings obtained from water wells in the city Athena (e.g., 
UMAT 57710) and the city of Adams (e.g., UMAT 5331). 
  To determine depth to bedrock and establish fault locations, we used 24-channel digital ReMiDAQ® 
seismograph-derived seismic imaging with a sampling rate of 2 milliseconds over 30-second intervals in Sand 
Hollow, Gerking Flat, and along Waterman Road. These surveys recorded active and ambient (passive) seismic 
sources. The seismic recording array consisted of 24 4.5 Hz geophones at 3.3 m spacing for a total survey length of 
70 m. Active noise was generated using hammer hits during data acquisition, while ambient noise to the 
seismograph included nearby traf�ic and windmills. The recorded data were processed using Terēan’s VsSurf 
ReMi® seismic software.
     We compiled new mapping with published and unpublished data by converting it into a digital format using Esri 
ArcGIS™ ArcMAP™ GIS software. We created the on-screen map through heads-up digitizing using a georeferenced 
1-m lidar mosaic, a 1:24,000-scale USGS DRGs of the Adams 7.5′ topographic quadrangle, and the 2020 National 
Agriculture Imagery Program (NAIP) digital orthophoto for Umatilla County. The geologic time scale used is the 
2024 (v2024-12) version of the International Commission on Stratigraphy chronostratigraphic chart 
(https://stratigraphy.org/chart), revised from Gradstein and others (2004), Ogg and others (2008), and Cohen 
and others (2013). Colors given for hand sample descriptions are from the Geological Society of America 
Rock-Color Chart Committee (1991).
     We used a stippled overlay on Plate 1 to show areas where sand-sized Mazama tephra is concentrated in the 
surface and shallow subsurface loess. These zones were identi�ied using �ield observations, sample data, 
geochemical analyses, and interpretations of 1-m lidar topography and historic aerial photographs.
     Numerical ages assigned to dated units are described in this report using standard conventions for providing 
ages, i.e., in terms of millions of years ago (mega-annum [Ma]) for units > 1 million years old, thousands of years 
ago (kilo-annum [ka]) for units < 1 million years old, and calendar years before present (B.P.) for units with 
reported radiocarbon ages.

METHODS

The Adams 7.5′ quadrangle in Umatilla County of northeast Oregon includes an area of 134 square kilometers 
(km2) at the eastern edge of the Columbia Plateau, a broad depression forming the northwestern �lank of the Blue 
Mountains (Figure 1). The oldest rocks in the map area are part of the ~17- to 6-million-year-old Columbia River 
Basalt Group (CRBG), a succession of tholeiitic basalt and basaltic andesite lava �lows cropping out over more than 
210,000 km2 in parts of Washington, Oregon, Idaho, and Nevada (Reidel and others, 2013a; Figures 1, 2; Plate 1). 
The CRBG is largely overlain by Pleistocene to Holocene loess across the map area and Pleistocene and Holocene 
alluvial units on valley �loors (Plate 1). Three major fault zones converge in this part of the Columbia Plateau, 
including the WNW-striking Wallula Fault Zone, NNW-striking Milton-Freewater Fault Zone, and the NNE-striking 
Hite Fault Zone (Hooper and Conrey, 1989; Kuehn, 1995; Hutter, 1997; Reidel and others, 2013b; Reidel and 
others, 2021; McClaughry and Azzopardi, 2023; Madin and others, 2023; Figures 1, 3).
     The Oregon Department of Geology and Mineral Industries (DOGAMI) mapped the geology and structure of the 
Adams 7.5′ quadrangle between 2021 and 2024. Detailed geologic mapping of the Adams 7.5′ quadrangle is a high 
priority for the Oregon Geologic Map Advisory Committee because it supports long term goals for conserving and 
sustaining water resources, as well as reducing risks from natural hazards such as earthquakes. Our mapping was 
supported in part by a grant from the STATEMAP component of the U.S. Geological Survey (USGS) National Cooper-
ative Geologic Mapping Program (NCGMP) under cooperative agreement G22AC00304. The State of Oregon 
provided additional funds through DOGAMI. 
     The chief objective of this investigation is to provide an updated and spatially accurate geologic framework for 
the area as part of a multiyear study of the geology of the larger Walla Walla River basin.  Additional key objectives 
of this project are to 1) map individual CRBG lava �lows and crosscutting faults to determine lava �low distribution, 
fault offset, fault history, and possible earthquake hazards in this part of the Walla Walla River basin of northeast 
Oregon, and 2) characterize the stratigraphic framework and geologic conditions controlling the distribution of 
water resources within the CRBG. CRBG-hosted aquifers provide a critical water supply in the map area and more 
widely across the Paci�ic Northwest (Piersol and Sprenke, 2015; Johnson and others, 2024). Textural and 
geochemical analysis of cuttings obtained from several water wells drilled in the greater Milton-Freewater-Athe-
na-Adams-Helix area provides new information essential for improving interpretations of the subsurface CRBG 
stratigraphy and structural geology of the region (McClaughry and Azzopardi, 2023; Madin and others, 2023).
     Primary map references consulted during this study include works by Hogenson (1964), Newcomb (1965), 
Walker (1973), Swanson and others (1981), Kuehn (1995), Hutter (1997), Ferns (2006), Ferns and Ely (2006), and 
Madin and Geitgey (2007). Soil information from Johnson and Makinson (1988) aided with mapping Quaternary 
sur�icial units. Additional references are cited in the Explanation of Map Units and in the DataSourcePolys feature 
class in the geodatabase.
     The core publication products of this study are plottable geologic maps and cross sections (Plate 1), an Esri 
ArcGIS™ geodatabase, and Microsoft Excel® spreadsheets tabulating point data for geochemistry and well data. 
The geodatabase presents new geologic mapping in a digital format consistent with the USGS NCGMP Map Schema 
(GeMS level 3; USGS NCGMP, 2020) and contains spatial information, including map unit polygons, contacts and 
faults, geologic lines, geochemistry, and well data, as well as data about each geologic unit, including age, lithology, 
mineralogy, and structure. Sur�icial and bedrock units in the geodatabase are depicted on Plate 1 at a scale of 
1:24,000. Plate 1 includes a detailed geologic map showing both bedrock and sur�icial units, including concealed 
bedrock contacts, and a simpli�ied bedrock geologic map showing the distribution of contrasting bedrock litholo-
gies and critical structural relationships. This plate (Plate 2) includes �igures highlighting statewide, regional, and 
local structure and geologic features, tables listing select sample lab analysis, and geologic unit descriptions.

INTRODUCTION

The Adams 7.5′ quadrangle includes the western part of the Milton-Freewater Fault Zone (Figure 3a) along the 
west limb of the Waterman anticline and includes the faults described in the section below.  
 
Sand Hollow Fault―The Sand Hollow Fault is an entirely concealed N20°W–N30°W-striking fault parallelled by 
Sand Hollow in the northwest part of the map area (Plate 1, cross section A―A′). Evidence for a concealed fault 
includes mapped apparent normal 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 3b, Plate 1). The concealed fault is further resolved in an EW-trending ReMiDAQ® 2D velocity pro�ile 
obtained along and parallel to Piper Road at the northern end of Sand Hollow. Here, we imaged a distinct vertical 
discontinuity placing Qlo on the west adjacent to underlying Tsu on the east (Figure 4a). Tsu crops out below 
several meters of Qlo in two places east of the Sand Hollow Fault, ~0.6 km north of Sand Hollow Road in the 
northwest corner of the map area and ~0.3 km east of the fault along Piper Road (see map nos. G41 and G42). The 
Tsu outcrop on Piper Road is at an elevation of 546 m. Directly east of and adjacent to the fault on Piper Road, the 
ReMiDAQ® 2D velocity pro�ile 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 pro�ile 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 pro�ile 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 pro�ile along and parallel to 
Piper Road where it crosses Gerking Creek (Figure 4b). At this location, the pro�ile 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 pro�ile 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. 

Figure 1. Map highlighting selected major volcanic and structural features in Oregon. The extent of the Walla Walla River 
basin outlined with a light blue line; red polygon shows the boundaries of the Adams 7.5′ quadrangle. The light brown 
shading corresponds with the outcrop distribution of the CRBG, including areas from which the lava �lows have been 
eroded, as well as to areas where lava �lows are concealed by younger units. Modi�ied from Reidel and others (2013a) 
and Ferns and McClaughry (2013). Labels: BG – Baker graben; BV – Boring Volcanic Field; HFS – Hite fault zone; HRF – 
Hood River fault zone; HCF – Horse Creek fault zone; GCF – Gales Creek fault; GRF – Green Ridge fault zone; LG – La 
Grande graben; OIG – Oregon-Idaho graben; PB – Portland Basin; PHF – Portland Hills fault; MHFZ – Mount Hood fault 
zone; SR – Steens Ridge; SV – Simcoe Mountains Volcanic Field; TB – Tualatin Basin; WFZ – Wallula fault zone. Oregon 
physiographic provinces after Dicken (1965). Washington physiographic provinces are from Washington Department of 
Natural Resources.

Figure 2. Chart showing stratigraphy and nomenclature for the CRBG. Modi�ied from Reidel and others (2002) with updated stratigraphy from 
Reidel and others (2013a) and Reidel and Tolan (2013). Reported ages are from the following sources: 1Barry and others (2013); 2Ferns and 
others (2010); 3Kasbohm and Schoene (2018) and Kasbohm and others (2023; U-Pb); 4Kasbohm and others (2023; 40Ar/39Ar); 5Baksi (2022); 
6Mahood and Benson (2017); 7Moore and others (2018); 8Cahoon and others (2020, 2023). Bolded CRBG units either crop out at the surface 
or are present in the subsurface in the map area. Red lines show horizons of local erosional unconformities. 

Figure 3. Structure maps of Adams and the surrounding area showing faults, folds, and high-resolution aeromagnetic data. (a) 
Mapped faults and folds drawn across a USGS 10-m DEM. (b) A total-�ield high-resolution aeromagnetic anomaly map of the 
area in (a) (Blakely and others, 2020a, b). The map in (b) shows a partially transparent classi�ied color ramp of the magnetic 
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). 

Figure 7. Weight percent phosphorus (P₂O5) versus titanium (TiO₂) variation diagram for the CRBG. The 
“titanium gap” is after Seims and others (1974). Data shown includes 471 CRBG analyses from the Walla Walla 
and Umatilla River basins reported in this publication, Bush and others (1973), Kuehn (1995), Hutter (1997), 
Madin and Geitgey (2007), McClaughry and Azzopardi (2023), Madin and others (2023), and Guerrero and 
others (in press). Symbol colors are keyed to colors used for the geologic map units on Plate 1. The red-�illed 
circles are 43 XRF analyses from this publication.

Table 1. Select geochemical analyses for Columbia River Basalt Group lava �lows in the Adams 7.5′ quadrangle. Oxide content provided in weight percent (wt%) and trace element content in parts per million (ppm). Table 2.  Electron microprobe glass-shard analyses from tephra in the Adams 7.5′ quadrangle. Average (Avg.) and standard deviation (Std. Deviation) 
of sample oxide content provided in weight percent (wt%).
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Figure 6. Examples of loess (Qlo) interbedded with tephra in the Adams 7.5′ quadrangle. (a) A 10-m-high vertical roadcut of 
Middle Pleistocene to Holocene loess along Sand Hollow Road, 0.5 km west of the intersection with Duroc Road (45.861634, 
-118.615161). Roadcut includes a conspicuously white (N9) to pinkish gray (5YR 8/1) ~4-cm-thick planar bedded tephra (see 
black arrows) correlated to the ~171–130 ka 5-42A tephra collected from a Walker Lake, Nevada, sediment core. The view is to 
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 
tephra revealed by badger-burrow excavations (45.84859, -118.56551). Excavations are outlined by a dashed white line. The 
view is to the west and the shovel for scale is 1.5 m tall. (c) Notable accumulations of loess and interstrati�ied sand-rich Mazama 
tephra in unvegetated eolian sand blowouts in east-facing slopes along the west side of Sand Hollow, south of Piper Road 

(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 
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) 
micaceous, quartzo-feldspathic very �ine sand- and clay-silt–dominated Holocene loess here overlies a 1.5-m-thick bed of 
reworked Mazama tephra (45.84086, -118.59789). The white dashed line marks the contact between the subunits. The view is 
to the west; the shovel for scale is 1.5 m tall. (e) Erosional unconformity on top of Middle to Upper Pleistocene loess, in�illed by 
reworked Mazama tephra and Holocene loess in the upper part of the Humbert Land�ill (45.83621, -118.56117). The view is to 
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 

Interrelations between structure and geomorphology in the Adams 7.5′ quadrangle

Review and spatial analysis of 1-m lidar DEMs indicate that loess (Qlo)-covered areas within the Milton-Freewater 
Fault Zone in the Adams and adjacent Waterman, Helix, and Smeltz 7.5′ quadrangles exhibit an erosional 
morphology of parallel and dendritic drainages distinct from the N20°E–N40°E-trending linear ridges described 
by Lewis (1960) for the southwestern Palouse region. The area of parallel and dendritic drainage pattern 
morphology lies entirely within the Milton-Freewater Fault Zone, a zone that is bounded by the Spring Hollow 
Fault on the west, the Gerking Creek Quarry Fault on the south, and the Wildhorse Creek Fault on the east (Figure 
5). The northern limit of the area is the EW- to NWSE-trending Waterman Anticline as mapped along the uplands 
separating the Milton-Freewater Fault Zone on the south from the Wallulla Fault Zone on the north (Guerrero and 
others, in press; Figures 3, 5; Plate 1).
  North of the Gerking Creek Quarry Fault, 2–4-km-wide Qlo-mantled ridges are separated by four 
N20°W–N40°W-trending ~25 m deep primary alluvial valleys containing shallow intermittent 
streams—Greasewood Creek, Sand Hollow, Gerking Creek, and the valley beneath Waterman Road—forming 
prominent topographic lineaments (U.S. Geological Survey, 2022; Figure 5, Plate 1). The primary stream valleys lie 
directly above the concealed N20°W–N45°W-striking Spring Hollow, Sand Hollow, Gerking Flat, and Wildhorse 
Creek Faults (Figure 5, Plate 1). East-facing slopes with incised intermittent drainages along the western �lanks of 
the primary stream valleys are characteristically arcuate and display steep gradients between 42 and 100 percent 
(Figure 5, Plate 1, cross section A―A′). Valley bottoms typically widen to the west along their length. The gently 
west-sloping (<5 percent) Qlo-mantled eastern margins of the primary valleys are less distinct. Tsu locally crops 
out beneath Qlo along the eastern margins of the primary stream valleys, corresponding to the upthrown blocks 
of NNW-striking faults, but it does not outcrop on the western margins that coincide with the downthrown blocks 
of these faults (Plate 1).
     Between the primary stream valleys, intermittent gully drainages incise Qlo-mantled ridges. These incisions 
vary notably from parallel drainage patterns that have developed on the 1.5–2.5-km-wide western slopes and 
dendritic drainage patterns on the 0.5–1.5-km-wide eastern slopes (Figure 5, Plate 1). The contrasting drainage 
networks are separated along each ridge crest by sharp, linear, NNW-trending drainage divides. These drainage 
divides parallel concealed, ~N20°W- to N45°W-striking, down-on-the-west normal faults underlying the primary 
stream valleys (Figure 5, Plate 1). 
    The eastern �lanks of ridges contain the thickest accumulations of Pleistocene and Holocene Qlo within the 
Adams 7.5′ quadrangle, reaching thicknesses up to 35 m (Figure 5, Plate 1). These areas of conspicuously thick Qlo 
align with dendritic networks of ~N60°E trending gullies that �low southwest to northeast and intersect the 
N20°W–N40°W-trending primary stream valleys nearly at right angles (Figure 5, Plate 1). Eastern ridge gullies (n 
= 44) average 702 m in length, have a concave length pro�ile with an average gradient of 4.2 percent, and deep 
U-shaped cross-sectional pro�iles averaging 8 m in depth. Slopes adjacent to dendritic gullies range from 2–19 
percent. Gullies along the eastern ridge �lanks conspicuously contain accumulations of ~7700 cal. yr B.P. Mazama 
tephra above signi�icant erosional unconformities (see the Mazama tephra overlay on Plate 1 and in the 
geodatabase OverlayPolys feature class, Figures 5, 6). 
    The western �lanks of ridges contain much thinner accumulations of Pleistocene and Holocene Qlo and are 
generally less than 12 m thick within the Adams 7.5′ quadrangle. These ridge slopes drain through parallel 
networks of ~N20°E trending gullies that �low northeast to southwest and intersect the N20°W-trending primary 
stream valleys at acute angles (Figure 5, Plate 1). Western ridge gullies (n = 48) average 1,278 m in length and have 
a complex, convex length pro�ile (average gradient of 3.9 percent) with gradients abruptly steepening near their 
con�luences with the primary valleys. Cross-sectional pro�iles of western ridge gullies are broad and U-shaped, 
averaging 5 m in depth. Gully walls adjacent to western ridge gullies have comparatively gentle gradients relative 
to the eastern ridge gullies, ranging between 1―14 percent. 
     South of the Gerking Creek Quarry Fault, the Qlo-mantled surface is incised by Wildhorse Creek and its 
tributaries: Greasewood Creek, Sand Hollow, Gerking Creek, and Spring Hollow Creeks (Figure 5, Plate 1). Slopes 
in this part of the map area are typically less than 9 percent and few intermittent streams and gullies incise Qlo.

Wildhorse Creek Fault―The Wildhorse Creek Fault is an entirely concealed N25°W-striking normal fault mapped 
beneath the unnamed NNW-trending shallow valley underlying Waterman Road between Waterman and Athena 
in the northeast part of the Adams 7.5′ quadrangle (Swanson and others, 1981; Figure 3, Plate 1). McClaughry and 
Azzopardi (2023) mapped this fault south through the Athena 7.5′ quadrangle where it is paralleled by Wildhorse 
and Eagle Creeks. Evidence for a concealed fault includes mapped down-on-the-west vertical offset of CRBG 
stratigraphy along its length, apparent vertical offset of CRBG �low stratigraphy in water wells UMAT 1462 and 
UMAT 57710 (Athena 7.5′ quadrangle), and a corresponding NNW-trending aeromagnetic lineament (Blakely and 
others, 2020a,b; McClaughry and Azzopardi, 2023; Figure 3, Plate 1). The Wildhorse Creek Fault was also 
recognized as a negative anomaly in high-resolution aeromagnetic data extracted along a ground transect by 
Staisch and others (2022) in the southern part of the Athena 7.5′ quadrangle.
     McClaughry and Azzopardi (2023) used stratigraphic data from water wells UMAT 1462 and UMAT 57710 to 
interpret Wildhorse Creek Fault as an ~75°SW-dipping normal fault with vertical, down-on-the-southwest offset 
of the CRBG section. Vertical offset ranges from ~30 m in the southern part of the Athena 7.5′ quadrangle to ~60 
m at the city of Athena. Between the city of Athena and Waterman, down-on-the-southwest offset of Tsu along the 
Wildhorse Creek Fault places the upper (younger) lava �low of this unit (Basalt of Sillusi) on the west against the 
lower (older) lava �low (Basalt of Umatilla) of the unit on the east (Figure 2, Plate 1). East of the Wildhorse Creek 
Fault in the northeast corner of the map area, the contact between Tsu and the Basalt of Sentinel Gap (Twfsl) is 
inferred and mapped at an elevation of 580 m (Figure 2, Plate 1). Just east of the fault, an outcrop of Tsu (lower 
lava �low, Basalt of Umatilla) in the creek bottom along Waterman Road is at an elevation of 570 m (Figure 2, Plate 
1, map nos. G46 and G47, Table 1). Tsu does not crop out west of the fault. CRBG lava �lows dip ~0.5° to the SSE in 
this area. The Tsu―Twfsl contact is at an elevation of 488 m in the city of Athena water well UMAT 57710 
(McClaughry and Azzopardi, 2023). Projecting this contact up-dip to the north-northwest would place the 
Tsu―Twfsl contact at ~535 m elevation directly west of the Wildhorse Creek Fault (see map nos. G46 and G47). If 
Tsu is ≤10m thick directly east of the fault, then the amount of vertical down-on-the southwest offset of the 
Tsu―Twfsl contact across the fault is ~20–30 m in this area. The direction and amount of vertical offset are 
similar to those recognized by McClaughry and Azzopardi (2023) along this fault in the Athena 7.5’ quadrangle. A 
Pleistocene age for the latest offset on the Wildhorse Creek Fault is indicated by the structural juxtaposition of Tsu 
and Qlo in the map area. 

Duroc Road Fault―The Duroc Road Fault is an entirely concealed N–N10°W-striking normal fault parallelled by 
Duroc Road in the northwest part of the Adams 7.5′ quadrangle (Plate 1). The fault joins with or terminates against 
the Sand Hollow Fault at Sand Hollow (Plate 1). Evidence for a concealed fault includes the mapped apparent 
down-on-the-west offset of Tsu and the Basalt of Sand Hollow (Tw�h) as well as the overlying Qlo, ~3 km north of 
the map area in the Waterman 7.5′ quadrangle (Guerrero and others, in press). CRBG does not crop out below Qlo 
west of the fault.

Gerking Creek Quarry Fault―The Gerking Creek Quarry Fault is an entirely concealed set of 
~N50°W–N70°W-striking right-lateral strike-slip fault strands crossing Sand Hollow, Gerking Creek, and 
Wildhorse Creek in the central part of the Adams 7.5′ quadrangle (Plate 1, cross section B―B′). Evidence for a 
concealed fault includes conspicuous N70°W-striking paired lineaments recognized in 1-m lidar DEMs obliquely 
crossing minor drainages entrenched in unit Qlo between Sand Hollow and Gerking Creeks, apparent right-lateral 
offset of the ridgeline where the fault exits the southeast part of the quadrangle, and a WNW-trending 
aeromagnetic lineament paralleling these landscape features (Blakely and others, 2020a,b; Figure 3, Plate 1). Sand 
Hollow and Gerking Creek are both de�lected in a right-lateral sense across the Gerking Creek Quarry Fault, where 
these drainages are crossed by OR Hwy 334. In the same area, Tsu is notably near the surface in the Gerking Creek 
quarry, where it is overlain by a comparatively thin (<1 m) layer of Qlo and Mazama tephra. Near-surface Tsu 
basalt here may reside in a pop-up block between two right-lateral strike-slip faults. De�lected stream drainages, 
fault-parallel lineaments in Qlo, and probable offset of the Gerking Flat Fault collectively indicate a Late 
Pleistocene or Holocene age for the latest fault offset on the Gerking Creek Quarry Fault. 

Spring Hollow Fault―The Spring Hollow Fault is an entirely concealed ~N45°W–N65°W-striking normal fault 
mapped from southeast to northwest across the southern part of the Adams 7.5′ quadrangle (Figure 3, Plate 1, 
cross section B―B′). McClaughry and Azzopardi (2023) mapped the fault southeast through the southwest part of 
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 
includes mapped apparent down-on-the-southwest offset of Twfsl and Tsu outcrops between Rainville and 
Spring Hollow Roads in the southeast part of the quadrangle and correspondence with a conspicuous 
WNW-trending aeromagnetic lineament (Blakely and others, 2020a,b; McClaughry and Azzopardi, 2023; Figure 3, 
Plate 1). Cross-section interpretation suggests up to 25 m of down-on-the-southwest vertical normal offset 
northeast of the city of Adams (McClaughry and Azzopardi, 2023; Plate 1, cross section B―B′; ). 

Adams Fault―The Adams Fault is an entirely concealed N50°W- to N60°W-striking normal fault mapped through 
the city of Adams in the southwest part of the Adams 7.5′ quadrangle (Plate 1, cross section B―B′). Evidence for a 
concealed fault includes mapped apparent down-on-the-northeast offset of CRBG stratigraphy and a 
corresponding NNW-trending aeromagnetic lineament (Blakely and others, 2020b; Figure 3, Plate 1). Twfsl crops 
out at the surface as the stratigraphically highest map unit on the north side of Wildhorse Creek along S. College 
Road, 0.5 km south of Adams at an elevation of 461 m (map nos. G04 and G05, Plate 1, Table 1). On the west side 
of the city of Adams, 0.6 km north of site G04 and G05, Twfsl is overlain by 32 m of Tsu (Basalt of Umatilla) in 
water well UMAT 5331 (map no. G07), placing the subsurface Tsu―Twfsl contact at an elevation of 444 m (Plate 
1, cross section B―B′, Table 1). This contact relationship from south to north across the Adams Fault indicates 
down-on-the-northeast displacement of Tsu―Twfsl contact by ~32 m (Plate 1, cross section B―B′). The proximity 
of Twfsl surface outcrops on the south side of Adams within 0.6 km of UMAT 5331 combined with the absence of 
a description of broken rock (e.g., fault breccia) in the lithology log for UMAT 5331 indicates a near-vertical fault 
orientation (Plate 1, cross section B―B′). 

Greasewood Creek Fault―The Greasewood Creek Fault is an entirely concealed ~N35°W-striking fault 
interpreted from a corresponding aeromagnetic lineament (Blakely and others, 2020b; Figure 3, Plate 1). The type 
and amount of offset and age of the latest offset along the fault is unknown (Plate 1, cross section B―B′). The 
southern part of this fault is likely to underlie and parallel NNW-trending Crawford Hollow in the northern part of 
the Cayuse 7.5′ quadrangle (Ferns, 2006); the northern part of the fault may be offset by the WNW-striking Adams 
Fault (Plate 1, cross section B―B′). 

Weston Fault―The Weston Fault consists of a parallel set of ~N40°E striking, entirely concealed 
down-on-the-northwest normal faults mapped across the southeastern portion of the Adams 7.5′ quadrangle 
(Plate 1, cross section B―B′). Fault strand locations are interpreted from a combination of mapped vertical offset 
of the Tsu―Twfsl contact, distinct NE-trending topographic lineaments visible in 1-m lidar DEMs, and 
corresponding parallel steep magnetic gradients observed in high-resolution aeromagnetic data (Blakely and 
others, 2020a,b; Figure 3, Plate 1). The continuity of Weston Fault segments is disrupted from southwest to 
northeast, where they are offset by the NW-striking Adams, Spring Hollow, and Gerking Creek Quarry Faults (Plate 
1). East of the NW-striking Wildhorse Creek Fault in the adjacent Athena 7.5′ quadrangle, McClaughry and 
Azzopardi (2023) mapped the Weston Fault for at least 9 km as a single ~N55°E-striking concealed and queried 
normal fault that trends obliquely across the NNW-striking faults of the Milton Freewater Fault Zone (Figure 3). 
South into the Cayuse 7.5′ quadrangle, the broadest zone of Weston Fault strands aligns with and continues as a 
N40°E–N50°E-striking, down-on-the-northwest normal fault mapped by Ferns (2006). The cumulative offset 
across the fault zone is unknown. The age of the latest offset on the fault is not well-constrained, but distinct 
lineaments observed across Qlo-mantled hills in 1-m lidar DEMs suggest a probable Quaternary offset. 
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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. 

Figure 4. East-west-trending ReMiDAQ® 2D velocity pro�iles obtained along and parallel to Piper Road at (A) Sand Hollow 
and (B) across Gerking Flat. Geologic units and vertical faults, as interpreted from measured subsurface shear wave 
velocities, are labeled on the pro�iles. Green lines in �igure 5, show the location of measured pro�iles in the Adams area. 

and dominantly Holocene loess overlying Middle to Upper Pleistocene loess. The view is to the west; the shovel for scale is 1.5 m. 
The white dashed lines mark the contacts between subunits in both (e) and (f). (g) A west-dipping stratigraphic section of 
reworked, planar-strati�ied Mazama tephra overlain by intensely burrowed Holocene loess in the Humbert Land�ill (45.83569, 
-118.56043). The subunits are separated by dashed white lines; the red-dashed line projects this contact west to the land�ill 
highwall. The view is looking south; the bulldozer for scale is ~4 m tall. Geographic locations for all photographs are given in 
WGS84 geographic coordinates. 
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