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ABSTRACT 

 

The Mosier Creek basin is a small tributary to the Columbia River in north-central Oregon 

where groundwater levels in Columbia River Basalt aquifers supplying domestic, 

agricultural and municipal uses have declined 44m over the past 45 years. The aquifers are 

in lava flows of Saddle Mountains and Wanapum Basalt of the Columbia River Basalt 

Group (CRBG). Principle causes of groundwater level decline are overuse of at least one 

aquifer and depressurization of 3-4 aquifers through intraborehole flow (commingling 

aquifers). Potential solutions that have been implemented to arrest the declining 

groundwater levels include: 1, instituting special well construction standards, 2, funding 

well construction repairs or well replacement and permanent well abandonment of 

defective wells, and 3, partially funding the construction of deep irrigation wells into an 

aquifer separate from the depleted aquifers and transferring the irrigation use for the two 

largest groundwater users to the deeper aquifer. This one-day trip will visit 7 stops in the 

Mosier basin to examine aspects controlling groundwater occurrence and flow in CRBG 

lava flows, sedimentary interbeds, and Dalles Formation, as well as the groundwater flow 

system's bounding thrust fault, an instrumented groundwater / surface water monitoring 

site, and a recently finished deep well (373 m) in Grande Ronde Basalt. During the trip we 

will view features unique to CRBG aquifer systems, discuss challenges with managing these 

aquifers, and solutions underway to help remedy the severely depleted CRBG aquifers in 

the area.            



 

 

INTRODUCTION 

 

This field trip guide describes a one-day trip through the Mosier Creek basin to examine the 

geology and hydrology of aquifers within the Columbia River Basalt Group (CRBG). On the trip 

we’ll view and discuss the management solutions underway to help remedy the severely depleted 

CRBG aquifers in the area. Localities to be visited provide opportunities to examine various 

aspects of CRBG lava flows, sedimentary interbeds, and the overlying Dalles Formation, as well 

as the groundwater flow system's bounding thrust fault, an instrumented groundwater / surface 

water monitoring site, and a recently finished deep well (373 m) that was constructed as part of a 

solution to relieve groundwater pumping stresses on the depleted aquifers. 

 

Geology and groundwater conditions near Mosier, Oregon (Fig. 1), have been studied since the 

1950s (e.g., Newcomb, 1963). Most of the early research by Newcomb described the general 

geologic framework of the area and structural control on groundwater flow. Later work by him 

also identified a groundwater / surface water connection with Mosier Creek (Newcomb, 1969). 

Geologic mapping in the late 1970s by James L. Anderson identified and described the 

stratigraphic sequence of the Columbia River Basalt Group (CRBG) stratigraphic units and 

further refined the structural framework in the area (Swanson et al., 1981).  



 
Figure 1. Map showing the Mosier area and the extent of the Columbia River Flood-Basalt province 

(modified from Reidel et al., 2013). 

 

During the last three decades the focus of groundwater research in the Mosier area has been to 

further refine the understanding of groundwater flow in Columbia River Basalt aquifers and 

investigate the cause and extent of groundwater-level declines (Lite and Grondin, 1988; Kienle, 

1995; Jervey, 1996; Burns et al., 2012; and Lite, 2013). The stratigraphic framework in the 

Mosier area consists of several lava flows and associated interbeds within CRBG. The CRBG is 

locally overlain by Dalles Formation, Missoula flood deposits, and fluvial deposits from streams. 

All the stratigraphic units host aquifers, but the declining groundwater levels near Mosier occur 

within the CRBG units. 

 



Prior research has shown that groundwater-level declines near Mosier stem from two principal 

problems: (1) overuse of at least one aquifer and (2) commingling and depressurization of the 

uppermost three or four basalt aquifers (Lite and Grondin, 1988; Burns et al., 2012). 

Groundwater levels in the Mosier area have declined more than 40 m in Columbia River Basalt 

aquifers during the past 45 years (Fig. 2); water levels have continued to decline over the last 30 

years despite the Oregon Water Resources Commission’s closure of the three uppermost basalt 

aquifers to new water rights for additional irrigation and municipal uses. Irrigation in the 

watershed is chiefly used to grow commercial cherries, while municipal use is for the City of 

Mosier. 

 
 

Figure 2. Hydrographs for select wells in the Pomona, Priest Rapids, and Frenchman Springs aquifers 

showing total decline, changes of decline rates, and common equilibrium elevations. Data for these wells 

are available online at the Oregon Water Resources Department website. The descriptor WASC is county 

abbreviation attached to each well number. 



 

In recent years much of the focus of the groundwater work has shifted to developing and 

implementing a different set of potential solutions to stabilize the severely depleted aquifers and 

hopefully reverse the decline. The Mosier Watershed Council, Wasco County Soil and Water 

Conservation District (“the District”), and Oregon Water Resources Department (OWRD) have 

been working together to develop remedies to: (1) to ensure new wells are constructed to prevent 

commingling, (2) eliminate existing commingling wells, and (3) transfer some of the pumping 

stress from the depleted aquifers. 

 

Commingling of wells in the Mosier area is an issue difficult to address mainly due to the cost of 

properly constructing wells that penetrate multiple artesian aquifers and the complexity of 

repairing wells open to these pressurized and commingling aquifers. Recently, however, local 

stakeholders working together with OWRD have generated Special Area Well Construction 

Standards to reduce the chances that future wells will contribute to the commingling problems, 

and are currently working together to address ongoing depressurization of the basalt aquifers 

from commingling by abandoning and replacing defective wells. To date, the stakeholders have 

worked together to abandon and replace 10 commingling wells, with another six wells scheduled 

for abandonment and replacement during the next year (2019). The largest well replacement 

effort is the so-called Mosier Million project, for which the Oregon Legislature allocated one 

million dollars to OWRD to facilitate the repair or replacement of approximately 15 of the most 

severely commingling wells in the lower part of the Mosier watershed. 

 

The third part of the strategy to reduce groundwater level declines in the Mosier watershed is 

aimed at reducing the amount of pumping stress on the upper aquifers by transferring some of 

the pumping stress to an unused aquifer that (spoiler alert) is not directly connected to local 

surface water sources. The plan is to develop a new groundwater source in the upper Grande 

Ronde Basalt. The District, in partnership with two Mosier area orchardists, applied for a cost-

share grant through the OWRD Water Supply Grant Program to drill two relatively deep wells 

and transfer the orchardists’ use to a deeper (unused) aquifer. Last year the first well (373 m 

deep) was constructed into an aquifer found in the uppermost Grande Ronde Basalt. 

 



Finally, parts of this field trip guide have been modified or taken verbatim from material 

published in Lite (2013). 

 

 

HYDROGEOLOGIC SETTING 

 

The Mosier groundwater flow system occurs within one of the westernmost Yakima folds, the 

Mosier syncline. This northeast-trending fold is bounded on the southeast by the Columbia Hills 

anticline and on the northwest by the Bingen anticline (Swanson et al., 1981). Recharge to the 

CRBG aquifers in the Mosier groundwater flow system comes from precipitation along the 

northwest flank of the Columbia Hills anticline where the Pomona and Priest Rapids flows 

terminate on the side of the fold (Newcomb, 1969; Lite and Grondin, 1988). Additional recharge 

is derived from stream-flow losses to the aquifer system, mainly along Mosier Creek (Lite and 

Grondin, 1988). Stable hydrogen and oxygen isotope data from water samples in the Mosier area 

suggest recharge may also occur from a higher elevation outside the Mosier drainage, perhaps 

where the stratigraphic units are exposed along the Hood River fault or within the Cascade 

Range. Those areas are to the west and southwest of Mosier, and unfortunately, little or no well 

data exists in the intervening area between the Hood River fault and the Mosier area. So, there is 

no corroborating data to show if groundwater flows from that direction. The principal direction 

of regional groundwater flow interpreted for the Mosier area is likely biased by the spatial 

distribution of the well data. The data show groundwater flows down gradient (and down dip) 

from the Columbia Hills anticline toward the Mosier syncline (Lite and Grondin, 1988). 

However, the northwestern terminus of the Mosier groundwater flow system is an east-northeast-

striking fault (Fig. 3) originally identified as the Rocky Prairie anticline by Newcomb (1963, 

1969) and later mapped as a thrust fault by Anderson (in Swanson et al., 1981). The fault was 

termed the Rocky Prairie thrust fault by Lite and Grondin (1988); it forms the lowest down-

gradient boundary to the Mosier flow system (Newcomb, 1963; Newcomb, 1969; Lite and 

Grondin, 1988; Burns et al., 2012). Groundwater flow in the Mosier basin is also influenced by 

two strike-slip faults. These two faults, of northwest-strike (Fig. 3), may form lateral boundaries 

to groundwater flow in the Mosier basin (Lite and Grondin, 1988; Burns et al., 2012). 





 
Figure 3. Geologic map of the Mosier Creek area and legend 



The stratigraphic framework in the Mosier area consist of several lava flows and associated 

interbeds within the Grande Ronde, Wanapum, and Saddle Mountains Basalt of the CRBG. The 

CRBG is locally overlain by sedimentary, volcaniclastic, and volcanic deposits of the Dalles 

Formation, glaciofluvial deposits from the Missoula floods, and fluvial deposits from local 

streams (see Fig.3). All the stratigraphic units in the Mosier watershed are water bearing; but the 

severely depleted aquifers near Mosier occur only within the CRBG units. 

 

Stratigraphic Sequence of the Mosier CRBG Groundwater Flow System 

 

The first attempt at mapping subsurface CRBG units and correlating the units to individual 

aquifers in the Mosier area was done by Lite and Grondin (1988). Those correlations were based 

on surface mapping by Anderson (in Swanson et al., 1981) and the subsurface mapping of 

sedimentary interbeds and water-bearing zones identified on well logs. Lite and Grondin (1988) 

identified aquifers at the base of the Pomona Member of the Saddle Mountains Basalt, at the top 

of the Priest Rapids Member, and at the top of the Frenchman Springs Member of the Wanapum 

Basalt. 

 

Examination of hundreds of well cuttings samples and the results of chemical analysis of 64 

samples (Lite, 2013; Jones, 2016; K.E. Lite, unpub. data) since the earlier study have 

substantiated those earlier interpretations and have helped to identify additional flow units and 

interbed sediment. 

 

Based on well cuttings analysis, the following CRBG units are identified as aquifers in the 

Mosier area: the Pomona Member; Lolo and Rosalia flows of the Priest Rapids Member; the 

Roza Member; Sentinel Gap, Sand Hollow, Silver Falls, and Ginkgo flows of the Frenchman 

Springs Member; and the uppermost Grande Ronde flow (likely Sentinel Bluff). Four Ellensburg 

Formation-equivalent sedimentary interbeds have also been identified in Mosier area well 

samples. Sedimentary deposits have been found at the stratigraphic positions typical for the 

Selah, Byron, Quincy-Squaw Creek (these members are typically combined where the 

intervening Roza flow is missing), and Vantage Members of the Ellensburg Formation. 

 



The wells discussed in this paper are identified by their OWRD well number(s) in the text and on 

Table 1 and Figure 4.  

Table 1. Site locations, altitudes and well depths 

Site Name Latitude Longitude Altitude (m) Well Depth (m) 

WASC  2075/51435 45.662008 -121.354906 230 184 

WASC  2758 45.670092 -121.384295 116 151 

WASC  2759 45.675203 -121.379267 118 169 

WASC  2760 45.670231 -121.384295 113 104 

WASC  2860 45.675200 -121.359950 210 130 

WASC 2734 45.682619 -121.400906 38 76 

WASC 2765/2764 45.671950 -121.384273 83 123 

WASC 2767 45.661330 -121.380790 101 27 

WASC 3016 45.654130 -121.369320 246 104 

WASC 3019 45.650660 -121.356980 250 56 

WASC 4102/52326 45.644930 -121.319930 439 439 

WASC 50012 45.674571 -121.382228 94 182 

WASC 50250 45.661540 -121.381010 100 96 

WASC 50811 45.649690 -121.376540 128 82 

WASC 51025 45.650900 -121.354570 283 110 

WASC 51342 45.660714 -121.367061 202 159 

WASC 51348 45.654480 -121.354770 228 158 

WASC 51497 45.675561 -121.385235 80 152 

WASC 51778 45.672810 -121.383090 81 37 

WASC 51831 45.659930 -121.334170 390 270 

WASC 52074 45.673881 -121.330390 271 180 

WASC 52293 45.663150 -121.381110 98 40 

WASC 52294 45.663180 -121.381110 98 15 

WASC 52300 45.638970 -121.296900 549 87 

WASC 52313 45.620060 -121.350520 572 98 

WASC 52569 45.661685 -121.372461 198 373 

WASC 52591 45.679700 -121.352470 220 173 

WASC 52598 45.676740 -121.350070 225 187 

WASC 52606 45.674567 -121.382155 95 189 

WASC 52613 45.672496 -121.377321 136 191 

Brehm Spring 45.640550 -121.369750 210 - 

Ubrehm Spring 45.641370 -121.368210 237 - 

Dalke Spring 45.629390 -121.374680 225 - 

Edwards Spring 45.627200 -121.370150 270 - 



Site Name Latitude Longitude Altitude (m) Well Depth (m) 

Hargrave Spring 45.648252 -121.357521 207 - 

Hudson Spring 45.672259 -121.386708 120 - 

Rowena Spring 45.689947 -121.310194 85 - 

USGS   14113200 45.649080 -121.377628 130 - 

OWRD 14113210 45.663423 -121.380584 96 - 

MRCR-1 45.630000 -121.372575 186 - 

MRCR-2 45.644350 -121.375960 142 - 

MRCR-3 45.662810 -121.381140 104 - 

WFRK 45.648056 -121.379152 130 - 
 Note: latitude and longitude datum: WGS84; altitude datum: NAVD 1988 



 

 

Figure 4. Map showing wells, stream gaging sites, spring sampling sites, and surface water sampling sites in the 

Mosier basin. Since all wells are located in Wasco County, the “WASC” of the well identifier is not shown. 
Grid shows cadastral sections, roughly 1-mile-square, as scale. 

 



 

Pomona Flow and Aquifer 

 

The Pomona Member of the Saddle Mountains Basalt comprises a single flow in the Mosier area. 

The flow is 50-60 m thick near the Rocky Prairie thrust fault but laps out against the limb of the 

Columbia Hills anticline about four miles (6.4 kilometers (km)) updip. Permeability within the 

Pomona flow appears to mainly coincide with the occurrence of an underlying, thick sedimentary 

interbed, which is restricted to a small area within about 2 km of the Rocky Prairie thrust fault. 

This interbed is thought to be correlative with the Selah Member of the Ellensburg Formation. 

Most of the permeability in the Pomona flow occurs in the bottom few meters near the base of 

the unit. For example, most of the 250 gallons per minute (gpm) (0.016 cubic meters per second 

(m3/s)) of flow in the Pomona section of the City of Mosier Well No. 4 (WASC 51497) occurs in 

the bottom 4.6 m of the flow (Yinger, 2006). The distribution of porosity and permeability at the 

base of the Pomona flow suggests that the flow interacted with water within the underlying 

saturated sedimentary deposit producing steam that formed gas bubbles as the flow was being 

emplaced. Lite and Grondin (1988) concluded the Pomona aquifer was locally overdraft. It is 

now dry or mostly dry in the vicinity of WASC 2860. 

  

 

Selah Interbed 

 

The Selah interbed varies in thickness from 0 to 35 m in the Mosier area. The thickest part of the 

unit is near the Rocky Prairie thrust fault, in the vicinity of the confluence of Mosier and Dry 

Creeks. The unit mostly comprises siltstone and claystone and locally contains thin layers of 

coarse sand and fine gravel. The composition of the deposit lacks the characteristics of Columbia 

basin derived sediment such as mica and quartzite, suggesting a Cascade Range origin. The fine-

grained nature of the interbed locally forms a low-permeability boundary between water-bearing 

zones in the overlying Pomona flow and underlying Priest Rapids Member. The difference in 

hydraulic head between the Pomona and Priest Rapids water-bearing zones was historically 

large. For example, water-level measurements taken during construction of WASC 2758 in 1981 

showed the head elevation in the Pomona aquifer to be 104 m above mean sea level (amsl), 



measured above the Selah interbed as compared to 127 m (amsl) in the Priest Rapids aquifer, 

below the interbed. 

 

Lolo Flow and Aquifer 

 

The significance of water-bearing zones within the Lolo flow was not recognized in earlier work 

near Mosier by Lite and Grondin (1988), Kienle (1995), or Jervey (1996). The Lolo flow varies 

in thickness from 0 to 17 m near Mosier, averaging between 9 and 12 m. Although relatively 

thin, the Lolo flow hosts an aquifer that provides a significant share of the agricultural and 

municipal water in the Mosier area. For example, the Lolo aquifer in the City of Mosier Well No. 

4 produced 120 gpm (0.008 m3/s) of artesian flow with a shut-in pressure of 18.5 pounds per 

square inch (psi) (127.6 kilopascals [kpa]) (Yinger, 2006). Water-bearing zones in the Lolo have 

historically been combined with water-bearing zones in the underlying Rosalia lava flow in area 

wells, so it is unknown if the Lolo and Rosalia aquifers once had separate hydraulic heads. A 

roadcut at the south edge of the City of Mosier has about 4.5 m of pillow lava and palagonite 

exposed at the base of the Lolo flow suggesting that the Lolo also interacted with water as it was 

emplaced near the axis of the Mosier syncline. The Lolo flow is locally underlain by a thin (up to 

2 m) clay layer that is correlative to the Byron Member of the Ellensburg Formation. 

 

Rosalia Flow and Aquifer 

 

Water-bearing zones within the Rosalia flow of the Priest Rapids Member are also important 

aquifers in the Mosier area. Most of the higher-yielding wells in the Mosier area tap into water-

bearing zones in the Rosalia flow. The Rosalia flow varies in thickness from about 60 m near the 

Rocky Prairie thrust fault to zero where it laps out along the upper flanks of the Columbia Hills 

anticline. Most wells located lower in the syncline penetrate only the upper 15-20 m of the 

Rosalia flow, obtaining their water only from the flow top. Typically, those wells are also open 

to water-bearing zones in the overlying Lolo flow. However, some wells fully penetrate the 

Rosalia flow and pick up additional water near its base. The base of the Rosalia is highly 

variable; from massive (no apparent flow boundary characteristics) to highly vesicular, and 

locally containing pillow lava and palagonite. Reliable hydraulic head measurements and yield 



rates are not available for individual water-bearing zones within the Rosalia flow, so the degree 

of natural connectivity between the upper and lower zones is unknown. Some yield information 

is available from previous studies and from driller reports. For example, City of Mosier Well No. 

4 yielded 1,200 gpm (0.076 m3/s) from the upper Rosalia and Lolo aquifers during a 1-hour-long 

air-lift test (Yinger, 2006). Water-bearing zones near the base of the Rosalia flow have yielded 

flow rates varying in wells, located in close proximity to each other, from 200 gpm (0.013 m3/s) 

in WASC 52606 to 1,000 gpm (0.063 m3/s) in a very vesicular zone within WASC 52613. 

 

Quincy – Squaw Creek Interbed 

 

In most of the Mosier area, the Rosalia flow is underlain by a gray clayey siltstone layer that 

typically contains conspicuous amounts of carbonized wood. The interbed is correlative to either 

the Quincy or Squaw Creek Members of the Ellensburg Formation, but the exact correlation is 

difficult because the Roza flow, an important marker bed, is absent in much of the Mosier 

groundwater flow system. The Quincy – Squaw Creek interbed ranges in thickness from 0 to 11 

m and is typically described by drillers as containing “lignite.” Typically, most of the lignite 

occurs near the base of the deposit. For example, the Quincy – Squaw Creek Member is 3.6 m 

thick in WASC 2075/51435. A downhole video of the well shows the large amount of organic 

material contained within the interbed. The same organic-rich interbed is exposed at the surface 

along Highway I-84, approximately 1.2 km east of the Memaloose Rest Area (Stop 1). However, 

the Quincy-Squaw Creek interbed has a much different facies near the top of the Columbia Hills 

anticline in the Mosier watershed. There the sedimentary deposit consists of 8-10 m of yellow, 

fine-grained, micaceous sand, which is locally saturated and used as a domestic water source. 

 

Roza Flow and Aquifer 

 

The Roza Member of the Wanapum Basalt comprises a single flow in the Mosier area. The flow 

is 16 m thick in WASC 52074, located 2.2 km southwest of the westernmost exposure of the 

flow in Oregon (in Rowena Creek). Roza lava has distinct large single lath-like plagioclase 

phenocrysts throughout the flow, making it an easily recognized unit and important marker in the 

basalt sequence. The identification of Roza was confirmed in WASC 52074 with whole-rock 



chemical analysis. Roza has also been identified on the basis of drill cuttings in two other wells 

(WASC 52598 and WASC 52591) located 1.6 km and 2.1 km northwest of WASC 52074 and 

have thicknesses of 9 m and at least 5 m respectively. A water-bearing zone has been identified 

within the Roza flow in one of the wells (WASC 52598) and yielded 30 gpm (0.002 m3/s). 

However, some of the yield may also come from the underlying flow top of the Sentinel Gap 

flow. 

 

Frenchman Springs Flows and Aquifers 

 

The Frenchman Springs Member is represented by four flow units in outcrops and wells of the 

Mosier area. From youngest to oldest they are the Sentinel Gap, Sand Hollow, Silver Falls, and 

Ginkgo flows. The Sentinel Gap flow, penetrated in several wells, has a thickness of 34 m in 

WASC 51348. Water-bearing zones in the Sentinel Gap flow yielded 80 gpm (0.005 m3/s) in 

WASC 51342. 

 

A water-bearing zone in the uppermost part of the Sand Hollow unit was encountered during a 

deepening of WASC 2075 (the deepened portion of the well is WASC 51435). The well yields 

50 gpm (0.003 m3/s) from a 7-m-thick zone identified as Sand Hollow on basis of rock 

chemistry. No hydraulic head change was observed when the well was deepened from the 

Sentinel Gap flow to the Sand Hollow flow. The full thickness of the Sand Hollow unit has been 

confirmed by chemical analysis in only one of the Mosier-area wells. However, a thickness of 

65-75 m is estimated for the Sand Hollow unit based on interpretations of drill cuttings sampled 

from several wells in the watershed. For example, a thickness of 67.7 m of Sand Hollow was 

estimated in WASC 52569, based on examination of well cuttings, geophysical logs, and a 

borehole video survey. 

 

The Silver Falls unit of the Frenchman Springs Member has been identified in one well, WASC 

51313, in the Mosier watershed based on rock chemistry. The well, located near the axis of the 

Columbia Hills anticline, is the southernmost well analyzed in the Mosier basin. Used for 

domestic water, the well yields only 4 gpm (0.0003 m3/s) from the porous flow top material of 

the Silver Falls unit. 



 

The Ginkgo unit has been positively identified in one well within the watershed (WASC 52300, 

based on rock chemistry, and tentatively identified by well cuttings in two others, WASC 

4102/52326 and WASC 52569. The thickness of the Ginkgo unit ranges from 74.4 to 84.7 m in 

WASC 4102/52326 and WASC 52569 respectively. The Ginkgo appears to consist of at least 

two separate flows in those wells. Water-bearing zones were identified within porous Ginkgo 

flow-top material in WASC 52300 and WASC 52569, wells with yields of 15 gpm (0.0009 m3/s) 

and 50 gpm (0.003 m3/s), respectively. However, some of the yield in WASC 52569 may be 

from the base of the Sand Hollow unit. 

 

Vantage Interbed 

 

Drill cuttings samples have been retrieved from two wells that fully penetrate the Vantage 

interbed unit. The unit thickness varies from 6.4 m in WASC 4102/52326 to 11.6 m in WASC 

52569. The Vantage unit consists mostly of gray clayey silt and some carbonized wood (lignite) 

in both wells, very similar to the fine-grained facies of the Quincy-Squaw Creek unit. 

Geophysical logs and a downhole video survey in WASC 52569 also helped confirm the 

thickness and contents of the Vantage interbed at that location. 

 

Grande Ronde Flows and Aquifer 

 

Undoubtedly, Grande Ronde flows have been encountered in a few deep wells drilled near the 

axis of the Columbia Hills anticline. However, samples from only two wells (WASC 4102/52326 

and WASC 52569 have been examined and tentatively identified as Grande Ronde flows in the 

Mosier watershed. The aquifer in WASC 52569 occurs in the vesicular flow top of likely 

Sentinel Bluffs Member and is confined by the overlying fine-grained Vantage Member 

sedimentary interbed. The aquifer yields about 500 gpm (0.032m3/s) and has a pressure head of 

497 psi (3427 kpa) at this location. 

 

 

 



 

 

 

Significance of Interconnecting (Commingling) Aquifers 

 

Water-bearing zones occur throughout the CRBG stratigraphic sequence of the Mosier 

groundwater flow system, but they are found primarily near the upper and lower flow margins as 

previously discussed. Vastly different responses to stresses and distinct differences in hydraulic 

head indicate that the aquifers have little or no natural hydraulic interconnection, and lateral 

changes in aquifer characteristics occur over short distances. 

 

Stresses to the Mosier groundwater flow system come mainly from pumping, interaquifer flow 

through uncased boreholes (commingling), and climate fluctuations. Commingling occurs in 

wells that interconnect aquifers with different hydraulic head causing flow from one aquifer to 

another. Long-term hydrographs typically illustrate a composite response from all three stresses. 

Most of the stress on the aquifers in the lower part of the Mosier groundwater flow system comes 

from interaquifer borehole flow and pumping (Lite and Grondin, 1988; Burns et al., 2012; Lite, 

2013). 

 

The interaquifer borehole flow (commingling) can occur as downward (cascading) water coming 

from above the water level in the well, or as upward movement of water entering from below the 

water level in the well. The direction of flow depends on the hydraulic head elevation differences 

in the aquifers open to the borehole. Examples of upward movement of water can be seen on 

downhole well videos as particles move upward past the field of view. For example, the 

downhole video of WASC 2765/2764 shows particles moving upward and disappearing into the 

annular space between the well casing and the borehole wall at the bottom of the well casing. 

The U.S. Geological Survey (USGS) measured the rate of upward movement of water in WASC 

2765 with values ranging from 75 to 135 gpm (0.005 – 0.009 m3/s) in 2007 (Burns et al., 2012). 

The USGS concluded that the rate of commingling in WASC 2765 would have been historically 

higher because the elevation differences in hydraulic head would have been greater (Burns et al., 

2012). The water-level trends in wells shown on Figure 2 illustrate the change in hydraulic head 



differences over time. The hydrographs for WASC 2759 completed in Priest Rapids aquifers and 

WASC 2760 completed in the Pomona aquifer show the decrease in hydraulic head levels, 

primarily in the Priest Rapids aquifers as the difference between water level elevations decrease. 

Both wells are located in close proximity to WASC 2765/2764. The water level in WASC 2759 

dropped 44 m between 1974 and 2018 as head in the Priest Rapids aquifers bled off into the 

Pomona aquifer (Fig. 2). In contrast, the water level in WASC 2760 dropped only 12 m between 

1980 and 2018 as the head in the Pomona at that location appears to be mostly in equilibrium 

with what we now know to be the aquifer discharge elevation in Mosier Creek as discussed 

below. The water level decline in WASC 2760 that does occur is likely mostly due to changes in 

hydraulic head in WASC 2765/2764 (the commingling well discussed above), located 190 m 

away. In fact, the 1990 3-m drop in water level in WASC 2760 (see Fig. 2) occurred during one 

of the unsuccessful attempts to permanently stop the commingling in WASC 2765/2764. Lite 

and Grondin (1988) estimated the Priest Rapids aquifer was providing about 153 ac-ft / year 

(.006 m3/s) to the Pomona aquifer in 1986, through intraborehole flow in wells. The hydraulic 

head levels in some Priest Rapids and Frenchman Springs wells appear to be approaching a new 

equilibrium level with the Pomona aquifer as shown on Figure 2.  

 

Groundwater / Surface Water Interaction 

 

The connection of CRBG aquifers and surface water features are likely to be important head-

dependent flux boundary conditions in many CRBG groundwater flow systems. This link has 

been given little attention in the literature, although those boundaries in the CRBG groundwater 

flow system near Mosier have been known for years. 

 

The interaction between Mosier Creek and CRBG aquifers was first observed by Newcomb 

(1969). Stream measurements at that time indicated that Mosier Creek was gaining flow from the 

CRBG aquifers below the confluence with West Fork Mosier Creek (Fig. 4). However, the 

Newcomb data (two measuring points below the West Fork) spanned an area where multiple 

CRBG and younger units are incised by Mosier Creek. Subsequent stream measurements made 

in August 1986 (Lite and Grondin, 1988) found the same reach to be losing or gaining water 

depending on location across the various contacts. Specifically, stream flow gains in a reach that 



is now known to encompass the contact between the Lolo unit (Priest Rapids Member) and the 

Pomona Member in Mosier Creek. A gain of 0.51 CFS (0.014 m3/s) in Mosier Creek in sec 18, T 

2 N., R 12 E., seen in that same data, was due to discharge from the Pomona aquifer (Lite and 

Grondin, 1988). The USGS measured stream flow across the same reach in Mosier Creek three 

times during summer and fall in 2005–06 (Burns et al., 2012). Two measurements showed a gain 

of 0.06 CFS and 0.19 CFS in July 2005 and August 2006, respectively, and a loss of 0.05 CFS in 

September 2006. The slight gains and losses measured by the USGS are near or within the range 

of measurement error. Taken at face value, however, the measurements may be showing an 

influence from local groundwater pumping. 

 

Another interesting aspect of the groundwater / surface water interaction in Mosier Creek is that 

it may influence groundwater-level declines substantially in the area, as mentioned earlier. Lite 

(2013) observed that the decline trend on hydrographs for wells in the lower part of the 

watershed showed the hydraulic head in the Priest Rapids and upper Frenchman Springs aquifers 

had a change in slope at the approximate elevation (100 meters amsl) of where the Pomona and 

Lolo aquifers are exposed in Mosier Creek (Figs. 2 and 5). He concluded that the elevation of the 

Pomona and Lolo aquifers in Mosier Creek acts as the base level for hydraulic heads in deeper 

aquifers because those aquifers are interconnected to the shallower aquifers in some commingled 

wells. 

 



 
 

Figure 5. Profile along Mosier Creek, showing hydraulic head elevations in WASC 2759 in 1974, 1986, and 

2004 relative to aquifer units exposed in Mosier Creek. Arrows indicate the potential interaction with the creek 

and through an idealized well in 2004. Profile trends north-northwest for 4.0 km (modified from Lite, 2013). 

 

To further test the potential influence of groundwater pumping and groundwater discharge on 

stream flow in Mosier Creek, in 2012 a stream gage was installed downstream of the Pomona – 

Priest Rapids contact to augment an existing (USGS) gage located just upstream of the contact. 

Together, the two gages are used to estimate the exchange of water between the stream and the 

Pomona and Priest Rapids aquifers across the contact. Two observation wells were subsequently 

constructed near the lower gage site in 2015 to monitor changes in hydraulic head in the Pomona 

and Lolo (Priest Rapids) aquifers at the lower gage location. Preliminary results (Lite and 

LaMarche, 2014) indicate the changes in water exchanged between the stream and the aquifers 

parallel variations in groundwater-level elevations (drawdown and recovery) from seasonal 

pumping of local irrigation wells (Fig. 6). Specifically, the stream switches from gaining to 



losing (or vice versa) across the contact at about the time the groundwater elevation drops below 

(or above) the basalt flow contact elevation. Additionally, the maximum groundwater drawdown 

occurs at a similar time as the maximum reach loss; 40 percent of the base flow in Mosier Creek 

during 2012 and 2013. Some temporal differences between the stream/aquifer exchange and 

groundwater levels occur at a subweekly time scale, but those may be attributed to differences in 

well proximities and individual well pumping schedules. 

 

 

Figure 6. Graph showing comparison of trends between water-level change in the Pomona aquifer (WASC 

2760), stream flow difference between stream gages (negative values represent losses), stream flow at the lower 

gage, and daily precipitation in 2013. 



 

Chemical Character of the Water 

 

Groundwater samples have been collected periodically and analyzed from Mosier basin wells for 

the past 50+ years (Newcomb, 1972; Grady, 1983; Lite and Grondin, 1988; Jones, 2016; R.B. 

Perkins, unpub. data), in efforts to characterize the chemical properties of the local aquifers. The 

two earliest researchers (Newcomb, 1972 and Grady, 1983) acknowledged that several of the 

wells may be open to multiple water-bearing zones, but they lacked the rock chemistry data to 

distinguish the CRBG units hosting the discrete aquifers. Lite and Grondin (1988) were the first 

to target specific aquifers in the CRBG for water chemistry sampling in the Mosier basin. Jones 

(2016) was the first to have Mosier area samples analyzed for stable hydrogen and oxygen 

isotopes. In addition, Jones (2016) collected and analyzed surface water samples and select 

spring samples. Subsequently, nine additional well and spring samples have been collected and 

analyzed in the Mosier basin, and have been added to the Jones (2016) results in the following 

water chemistry summary. A total of 40 samples were collected from 16 wells, 7 springs, and 4 

stream sites (see Fig. 4) between 2012 and 2018, with some locations sampled twice to explore 

potential seasonal differences. See Jones (2016) for sampling and analytical details. 

 

Field temperatures and acidity of the springs and wells ranged from 11 to 25°C (in the deepest 

well) and pH 6.3 to 8.5, while the values for streams were far more limited in range, 7.9 to 9.9°C 

and pH 7.7 to 8.0. The mean charge balance error for all samples is 1.1% and maximum error is -

13.4% (a dilute stream sample), with only three samples having imbalances exceeding 10%. All 

of the samples are either Ca- or Mg-HCO3-type waters, except for samples from three wells: 

WASC 50250, 52569, and WASC 52293 that are Na-HCO3-type; and the Mosier City Well No. 

2 (WASC 2734 sample, which is a Mg-SO4-type water (Fig. 7). WASC 2734 also has the highest 

total dissolved solids (TDS) content of any sample (by >1.5 millimolar (mM, or millimoles per 

liter)). 



 

 

 

Figure 7. Piper diagram of Mosier area samples. Colored symbols represent different cluster groups as 

discussed in the text. Note that the single red cross represents WASC 2734. Axes show percent of named ion or 

ion pairs, in percent of milliequivalent per kilogram. 

Speciation of dissolved constituents and calculation of mineral saturation indices were performed 

using the Geochemists Workbench software with the default thermo.dat thermodynamic 

database. An agglomerative hierarchical cluster analysis (HCA) was performed on the chemical 

data. While specific clustering of samples is dependent on the type and number of variables and 

the truncation protocol used, HCA is a useful tool for objectively relating samples by similarities 

in their data structure; ideally, the resulting clusters can be related to variations in water sources 

or evolution. Several analyses using differing variables and truncation levels were explored, with 



a final set of four clusters based on the molar concentrations of seven major ions utilized here. 

Regardless of the variables or truncation method used, WASC 2734 (Mosier No. 2 well) 

clustered independently of other samples (i.e., it is its own cluster). This well alone lies on the 

north side of the Rocky Prairie thrust fault and almost certainly represents a separate 

groundwater flow system. 

 

Cluster Group 1 samples (blue triangles in Figs. 7, 8) are the least evolved, having the lowest 

total dissolved solids (TDS). These include all of the surface water samples (MRCR-1, MRCR-2, 

MRCR-3, and WFRK) and four of the seven spring samples (Brehm, Ubrehm, Edwards, and 

Rowena), excluding Hudson Spring, Hargrave Spring, and Dalke Spring. Those three springs 

cluster in Group 2 along with wells: WASC 3016, WASC 3019, WASC 51025, and WASC 

52294. Wells WASC 3016 and WASC 52294 are both open to aquifers in the Pomona unit. 

WASC 3019 and WASC 51025 are potentially open to aquifers in the Pomona unit, Lolo unit, 

and Rosalia unit. Three of wells (WASC 3016, WASC 3019, and WASC 51025) are located in 

the west central part of the study area (Fig. 4), in the Dry Creek drainage or near the drainage 

divide separating Dry Creek from Mosier Creek. Hargrave and Dalke springs are nearly 

coincident with the base of the Lolo unit and Rosalia unit, respectively. As seen in Figure 7, 

Group 3 samples are yet more evolved, displaying a shift from Ca-Mg-dominant to Na-dominant 

compositions, characteristic of rock-water interactions in general. This is partly attributable to 

the fact that the Group 1 and 2 samples are undersaturated with respect to calcite (mean SIcalcite = 

-1.0), while Group 3 and WASC 2734 (Group 4) samples are all at or slightly above saturation 

with respect to calcite (mean SIcalcite = +0.16), so that excess Ca liberated by continued rock-

water interaction is precipitated out. Aqueous complexation of Ca and CO3 ions in the higher 

TDS waters of WASC 2734 allows for higher Ca content in this sample even though it too 

appears to be in equilibrium with calcite (SIcalcite = -0.11). 

 

Group 3 samples include those from (1) the deepest well (WASC 52569), recently completed in 

the uppermost Grande Ronde aquifer; (2) WASC 50012,located in the lower watershed and open 

primarily to an aquifer near the base of the Rosalia unit; (3) WASC 50250, likely also completed 

in an aquifer near the base of the Rosalia unit; and (4) WASC 51831, located much higher in the 

watershed and open to aquifers in the Sand Hollow unit (part of the Frenchman Springs 



Member). The water in those wells would be expected to be the most evolved because the water 

is from deeper in the groundwater flow system. Group 3 also includes wells completed in 

relatively shallow CRBG aquifers such as WASC 2759, WASC 2765/2764, and WASC 51497, 

all located in the lower part of the flow system and open to both the Lolo and upper Rosalia 

aquifers. WASC 2767 is located slightly higher in the groundwater flow system and is open to 

the Lolo aquifer (similar to WASC 52293). Interestingly, WASC 51778 is the only Pomona 

aquifer well included in Group 3. It’s somewhat anomalous chemistry may be due to the well’s 

location in the lower part of the watershed, and near a known commingling well (WASC 

2765/2764, connecting the Priest Rapids aquifer to the Pomona aquifer) mentioned earlier. Water 

within the Pomona and Priest Rapids aquifers located in the middle and upper parts of the Mosier 

basin (e.g., Dalke and Hargrave springs, WASC 3016, WASC 3019, WASC 51025) appear less 

evolved than water in the lower Mosier Creek drainage such as WASC 2759, WASC 2765/2764, 

WASC 2767, WASC 51497, WASC 51778, WASC 52293, and WASC 52294. This distinction 

may be due to their proximity to the Columbia Hills anticline which is a likely source of recharge 

for the upper wells, and a potentially different recharge direction for the lower wells.  

 

A. 



 

 

B. 

Figure 8. Plots of Mosier basin water chemistry, illustrating the evolution of area waters. A, Na vs total cations; 

B, HCO3 vs total dissolved solids. Symbols represent different cluster groups as discussed in the text. 

Figure 9a shows the isotopic signatures of samples relative to the global meteoric water line 

(GMWL). The deeper, more evolved Group 3 samples have the lightest isotopic signatures, as 

would be expected if these waters were recharged at higher elevations. Recharge under a 

different climatic regime is unlikely given the close tracking of the modern GMWL and the fact 

that these waters are less evolved (e.g., have much lower pH and Na levels) than CRBG waters 

in the central Columbia Plateau that have 14C ages of thousands of years (Carey, 2011). Figure 

9b shows sample δ18O values relative to an elevation model developed for the central Oregon 

Cascade Range (James, 1999). The specific elevations assigned to the Mosier-area water samples 

from that model are likely inaccurate, but they provide a rough estimate on basis of Mosier's 

geographic setting adjacent to the Cascade Range. A similar model for the Willamette Valley 

(Brooks et al. (2012) yields somewhat higher recharge elevations. 



 

 

 

A. 

 

B. 

Figure 9. Plot of (A) δ2H vs δ18O and the global meteoric water line (GMWL) (B) inferred recharge elevations 

from δ18O values calculated using James’s (1999) model for the central Oregon Cascades. Symbols are plotted 



above the elevation (amsl) that corresponds to the spring location or top of the open interval for wells; negative 

elevations plotted as 0 m. Calculated recharge elevations provided for select samples in 9b. 

The highest elevation within the Mosier Creek watershed is 1,220 m. The inferred elevation of 

source waters for all of the stream and spring samples and many wells are below this elevation. 

However, all of the isotope analyses for Group 3 samples yield a recharge elevation above (in 

some cases, well above) the watershed. The resulting recharge elevation for the Mosier No. 2 

well (WASC 2734) sample also lies above the Mosier Creek watershed, but only slightly above 

relative to the Group 3 wells, despite its much higher TDS content. 

 

The highest inferred recharge elevation (2,090 m) is obtained for WASC 52569 (Grande Ronde 

well). Values for WASC 50012 and WASC 50250 (both in aquifers near the base of the Priest 

Rapids) are also among the highest (1,820 and 1,930 m, respectively). However, a sample from 

the relatively shallow Lolo aquifer (WASC 52293) yields the second highest recharge elevation 

(2,010 m). This value is significantly higher than other wells or springs completed / commingled 

in or draining Priest Rapids or Frenchman Springs units (WASC 51497; or Hargrave and 

Rowena springs), which have inferred recharge elevations below or only marginally above the 

local watershed boundary (1,400–1,510 m in the case of WASC 51497). The unexpectedly high 

recharge elevation value for WASC 52293 may be explained either by (1) having a recharge area 

similar to where the uppermost Grande Ronde aquifer is being recharged, (2) uppermost Grande 

Ronde water following pathways up to shallower aquifers along crosscutting structures, or (3) 

interaquifer flow connecting the uppermost Grande Ronde aquifer with the Lolo aquifer through 

commingling wells. Generally, the wells with the highest inferred recharge elevations lie in the 

lower, northerly part of the watershed and nearer the Mosier syncline. The regional fold may act 

to funnel waters from higher elevations along a zone that tends to have higher permeability due 

to the depositional environment in the structural low. Well WASC 51497 is the most northerly 

well sampled except for Mosier No. 2 well (WASC 2734), but recharge to it may be constrained 

by its proximity to the Rocky Prairie thrust fault. 

 

Groundwater Management Strategies 

 

Declining groundwater levels in the Mosier area have plagued local water users for decades. The 

Mosier Watershed Council, working with Oregon Water Resources Department (OWRD), has 



researched the problem and worked with local landowners and the Wasco County Soil and Water 

Conservation District (District) and their consultant (GSI Water Solutions) to identify and 

implement solutions to the water-level decline problem. 

 

Research shows that the water-level decline in the Mosier area stems from two principal 

problems: overuse of at least one of the basalt aquifers and commingling of the uppermost basalt 

aquifers (Lite and Grondin, 1988; Burns et al., 2012). Despite halting new irrigation and 

municipal uses in 1989 by the Water Resources Commission, water levels near Mosier continue 

to decline and have resulted in flowing artesian wells no longer flowing, some pumping yields 

that are no longer adequate for the intended uses, and some wells and parts of aquifers that are 

now dry. The most severely depleted aquifers are also the sole source for most residences in the 

watershed, so a plan to remove the largest volume users from the upper aquifer system would be 

needed to increase sustainability of the supply for those who can least afford to drill a properly 

constructed well deeper in order to seek another water supply. 

 

The Mosier Watershed Council has developed a three-pronged approach to the water-level 

decline problem: (1) preventing future commingling problems; (2) repairing or replacing existing 

commingling wells; and (3) reducing the pumping stress within the severely depleted aquifers. 

 

Preventing Commingling 

 

In 2015, OWRD working with the Mosier Watershed Council, Wasco County Soil and Water 

Conservation District, and other local stakeholders has generated Special Area Well Construction 

Standards (Oregon Administrative Rules) to reduce the chances of future commingling problems 

in the Mosier area. The area of the special standards covers most of the Mosier Basin (see outline 

of Fig 3) and requires an additional notice period (10 days) before well construction begins, 

which allows OWRD time to research hydrogeologic data in the vicinity of the proposed well 

and to have discussions with the landowner and driller about the proposed construction methods. 

Installation of a dedicated water-level measuring tube is also required in the special standards. 

 

Repairing the Damage 



 

Commingling wells in the Mosier area is an issue that has been difficult to address. The 

difficulties include: identifying the offending wells, technical complexities of repairing wells 

penetrating commingled, layered and pressurized aquifers, the costs to repair or replace the 

wells, and the historical institutional difficulties of enforcing well construction standards. For 

example, it took over 20 years to successfully remedy the commingling problem in a single 

relatively high-yielding municipal well (WASC 2765/2764) in the Mosier watershed that was 

identified by OWRD staff. 

 

A list of potentially commingling wells was compiled for the Mosier Watershed Council from 

data collected during the previous studies (e.g., Lite and Grondin, 1988; Kienle, 1995; Jervey, 

1996; and Burns et al., 2012). The selected wells are all located within an area where the U.S. 

Geological Survey determined the aquifer system was most vulnerable to commingling (Burns et 

al., 2012). 

 

The Wasco County Soil and Water Conservation District (District) contracted with GSI Water 

Solutions (a hydrogeologic consulting company) to confirm the original list, identify additional 

wells, conduct field surveys, and develop remediation plans for confirmed commingling wells in 

the Mosier Creek basin. The consultant has evaluated 71 wells to date and developed an initial 

list of 47 potential commingling wells based on available well log information and knowledge of 

the hydrogeology of the area (GSI, 2014, 2015). Thirty-one potential commingling wells have 

been assessed with a field evaluation or with existing well videos, and remediation plans have 

been developed for 20 of the 28 wells confirmed to be commingling (Walt Burt, pers. 

commun.,2019). 

 

The District prioritized the list of confirmed commingling wells to be remedied using a ranking 

process that assigns a score for each well using a simple matrix of geologic and hydrologic 

criteria developed by the OWRD in conjunction with the Mosier Watershed Council. 

The criteria used in the prioritization process include: 



1. The aquifer type being impacted by commingling and the relation of the aquifer to the most 

severely depleted aquifers - more points are awarded for basalt aquifers than for sedimentary 

aquifers; 

2. The estimated rate of intraborehole flow between aquifers- more points are awarded for higher 

rates of intra-borehole flow; 

3. The up-aquifer distance from the well to the lower boundary of the aquifers (Rocky Prairie 

thrust fault). The distance relative to the boundary is a surrogate for the general differences in 

aquifer properties (i.e., the closer proximity to the boundary, the more likelihood of greater 

permeability and greater differential hydraulic head pressure). The closer the well is to the 

boundary, the more points awarded. 

 

OWRD contracted with the District and provided a grant of $1.0 million, funded by the Oregon 

Legislature, to administer a cost-share project to remedy commingling wells in the Mosier Creek 

area. The Mosier Creek area is defined as an area of the Mosier Creek basin that generally 

follows the boundary of the Mosier Groundwater Withdrawal area (see Fig. 10). The project is 

paying for the full cost of an individual domestic (exempt) well remedy up to $98,000. 

Individual domestic well remedy costs exceeding $98,000 will be covered at 90 percent of the 

cost plus the fixed cost of the assessment ($9,800), with the remainder paid by the landowner. 

The program will pay for 90 percent of remedy costs for wells used for commercial irrigation. 

Landowner participation in the project is voluntary. A well driller is under contract with the 

District and is in the process of repairing or abandoning and replacing the wells. 

 

The cost of an individual remedy is currently averaging about $70,000 per well. The amount 

includes construction of a new well, removing the pump from the old well and reinstalling it in 

the new well, all modifications to electrical, plumbing, and buildings, and permanent 

abandonment of the old well. Experience in the Mosier basin has shown that abandonment and 

replacement (as opposed to attempting to repair a well) is the best alternative for many sites 

because of the complexities of well repairs in old, small diameter (6 - 8 inch [15.2 - 20.3 cm]) 

commingling wells in artesian aquifers. 

 

Reducing the Pumping Stress 



 

Overuse of groundwater in the upper CRBG aquifers in the Mosier basin is another problem. 

Reducing the pumping stress on the shallow basalt aquifers could help slow down the rate of 

decline in the critical aquifers while commingling wells in the Mosier community are 

simultaneously remediated to address the commingling related component of the water-level 

declines. An approach was developed to identify a deep aquifer in the CRBG that would provide 

sustainable water supplies for the two largest orchards in the Mosier basin, allowing them to 

transfer their irrigation demands from the shallow CRBG aquifers in the area. The new deep 

wells are designed to access previously untapped aquifers to reduce the stress on hydraulically 

connected streams and the shallower depleted aquifers. 

 

The two orchards have approximately 330 irrigated acres between them that would be irrigated 

with the new wells. The orchardists obtained new water rights for an aquifer in the Grande 

Ronde Basalt. Each new (or proposed) well is now a “point of appropriation” for supplemental 

groundwater use on new water right permits issued as part of this project. This change of source 

has the potential to relieve a burden of between 660 acre-feet and 990 acre-feet of groundwater 

pumping per year in the administratively withdrawn basalt aquifers near Mosier. 

 

Funding for the wells was provided by a 75-25 percent (state-local) cost-share grant through the 

OWRD Water Supply Grant Program. The grant was issued in 2017 through a contract with the 

Wasco County Soil and Water Conservation District (District) and the two participating 

orchardists, and construction began on the first well (WASC 52569). Unfortunately, a well 

construction issue occurred during construction of the first well when a high pressure (497 psi; 

3.43 x 103 [kpa]) and relatively high yielding (500 gpm; 0.032 m3/s) water-bearing zone was 

encountered in the flow top of the Sentinel Bluffs lava at a depth of 360 m, 20 m below a lower 

pressure and highly permeable zone in the flow bottom of the overlying Ginkgo lava while 

drilling the uncased borehole. The interconnected zones resulted in high rates of water flowing 

into the lower pressure Ginkgo flow bottom “thief” zone. The cost of remedying the construction 

issue in the first well had made construction of the second well under the grant infeasible. The 

District applied for another grant in 2018 to complete the second well, but that request went 

unfunded by OWRD. 



 

The first remedial deep well (WASC 52569, 373 m depth) began pumping in April 2018 and 

pumped 194 acre-feet (2.39 x 105 m3) during the 2018 irrigation season, a volume that would 

have otherwise come from the shallow basalt aquifer system. OWRD is closely monitoring the 

response of the deep aquifer system to the new withdrawals. The District and the orchardist 

proposing the second well are currently exploring funding options for the well. 



 

ROADLOG 

 

Figure 10. Map of the field guide location, route, the seven stops, and basin administrative boundaries.  

 

 

Point of Origin 

Mileage: 0.0 mi. – We begin at the Memaloose Rest Area on eastbound I-84 between the 

municipalities of Mosier and Rowena, Oregon. Memaloose Rest Area sits atop the Basalt of 

Sentinel Gap (uppermost unit of the Frenchman Springs Member of the Wanapum Basalt in the 

Mosier basin), and strata dip gently north-northwest within the northwest limb of the Columbia 

Hills anticline down towards the axial trace of the Mosier syncline. Units throughout the eastern 

portion of the watershed south of the Rocky Prairie thrust fault typically have this or similar 

bedding attitude. 

 

 



 

Directions to Stop 1 

Proceed out of the rest area onto eastbound I-84. We immediately descend through the Sentinel 

Gap flow and across the Rocky Prairie thrust fault on our way to Stop 1. Once on the Rocky 

Prairie footwall we are into the lowermost unit of the Priest Rapids Member: Basalt of Rosalia. 

At Mile 0.7, drive onto the shoulder and park along I-84 eastbound just before milepost marker 

74. 

 

Stop 1 

At this location the Basalt of Rosalia (basal lava flow of the Priest Rapids Member of the 

Wanapum Basalt in Mosier) is exposed in contact with a sedimentary interbed, termed the 

Quincy-Squaw Creek. The combined form is used when the intervening basalt flow (Roza 

Member) is missing from the stratigraphic position between the Quincy and Squaw Creek 

Members of the Ellensburg formation. The Quincy-Squaw Creek interbed comprises claystone, 

siltstone, and lignite facies at this location, and it is typical of low permeability sediment 

encountered at the same stratigraphic position in many wells within the Mosier watershed. 

 

Figure 11. Basal Rosalia in contact with the Quincy-Squaw Creek interbed with exposed lignite facies at Stop 1 

in juxtaposition with a side view of the same unit facies in a borehole video of WASC 2075.  

 

Directions to Stop 2 

Continue east on I-84 and take Exit 76 to Rowena. At Mile 3.5, proceed through the intersection 

and turn right onto westbound US HWY 30 (Historic Columbia River Highway). After driving 

Lignite 



the narrow and winding highway to the top of the plateau, at Mile 6.4, pull off and park on the 

right at the Tom McCall Preserve. 

 

Stop 2a 

Walk west to viewpoint overlooking the Rowena Creek channel incision. The stratigraphic 

section exposed to the west in the canyon wall (top to bottom) is as follows, from top to base 

(Fig. 12): a very thin layer of Dalles Formation, Pomona Member of the Saddle Mountains 

Basalt (~50–60 m maximum thickness in the Mosier basin), Basalt of Lolo - Priest Rapids 

Member of the Wanapum Basalt (~17 m maximum thickness in the Mosier Basin), Basalt of 

Rosalia - Priest Rapids Member of the Wanapum Basalt (~60–65m maximum thickness in the 

Mosier Basin), Roza Member of the Wanapum Basalt (~15–20 m thickness here, but the flow is 

absent throughout most of the Mosier basin), and the road and tennis courts sit atop the Basalt of 

Sentinel Gap - Frenchman Springs Member of the Wanapum Basalt (~20–25m avg. thickness in 

the Mosier basin). 



 

Figure 12. View of the CRBG strata in the west wall of Rowena Creek drainage at Stop 2a. 

 

Stop 2b 

Drive east to the Rowena Crest Overlook (Mile: 6.5). Looking south we can see the northwest 

limb of the Columbia Hills anticline with the Pomona Member and Basalt of Lolo dipping to the 

northwest. Note the landslide and exposed upper Grande Ronde Basalt units in the interior of the 

Columbia Hills anticline in the Rowena area. 

 

Directions to Stop 3 

Continue west on US HWY 30 and turn left onto Marsh Cutoff Road (Mile: 9.2.). Along the way 

we first drive on Basalt of Rosalia of the Priest Rapids Member and pass (on the left) the lower 

contact of the Basalt of Lolo (Mile 7.0). After crossing over Rowena Creek we gain elevation 

and ascend through the Basalt of Lolo and through the Pomona Member. We then traverse west 

on the upper surface of the Pomona, passing remnants of Dalles formation (Cascade Range-



derived fluvial volcaniclastic rocks (sediment, lahars, and tuffaceous beds)) to the south. After 

the turn onto Marsh Cutoff Road, we pass a series of hills on our right, which form the upper 

plate of the Rocky Prairie thrust fault. 

At the end of Marsh Cutoff Road, Mile10.1, turn right onto State Road and proceed west toward 

Mosier Creek. State Road generally follows the trace of the Rocky Prairie thrust fault along this 

segment of the route. 

 

After crossing Mosier Creek heading west into the city of Mosier turn left onto Huskey Road at 

Mile 12.8. Proceed up Huskey Road to Ponderosa Place. Turn right onto Ponderosa Place; pull 

off onto the shoulder and park. 

 

Stop 3 

Mileage: 13.3 mi. – The exposure along the west side of Ponderosa Place provides a cross 

section of the south-dipping upper plate of the Rocky Prairie thrust fault. From north to south are 

Basalt of Lolo and overlying Selah Member equivalent sediment of the Ellensburg Formation. 

As we walk down Ponderosa Place toward Huskey Road we are passing upsection through the 

Selah and into the overlying Pomona Member. Upon reaching the intersection turn right onto 

Huskey Road. Exposed on the right (west-northwest) of Huskey Road on the curve road cut is 

the Pomona Member tilted such that the outcrop view is looking nearly directly down the z-axis 

of the lava flow, exposing the entablature geometry in nearly-x-y plane slice. 

 

From this vantage we can look south and southeast towards the Mosier Creek basin. 

Groundwater flows toward us from the south and southeast, terminating at the Rocky Prairie 

thrust fault. The offset across the fault is approximately 125 m at this location. 

 

Proceed to the cul-de-sac at the top of Ponderosa Place and turn around. At the intersection with 

Huskey Road turn left onto Huskey Road and continue down to State Road. 

 

Directions to Stop 4 

At Mile 14.0, turn right onto State Road and proceed over Mosier Creek to Carroll Road. 



Turn right onto Carroll Road at Mile 14.6 and make an immediate left turn onto Dry Creek Road 

and proceed 0.5 mi. to Behrens Road. 

 

At Mile 15.1, turn right onto Behrens Road and continue for 1.2 mi. to Carroll Road. Behrens 

Road takes us through Dalles Formation and some of the orchards of the Mosier basin enroute to 

upper Carroll Road where we will see exposures of the lahar facies of the Dalles Formation in 

the road cuts. 

Look to the left at Mile 16.2 and note the exposed Dalles Formation lahar facies in the road cut 

on the eastern side of Behrens Road before the Carroll Road – Behrens Road intersection. 

 

At Mile 16.3, turn left onto Carroll Road and proceed past the Digger Road intersection. After 

meandering around a pair of curves shrouded in pine, oak, and underbrush, we emerge onto a 

section of Carroll Road devoid of dense foliage. Exposed in road cut is the lahar facies of the 

Dalles Formation (Fig. 13). 

 

Looking across the Mosier Creek drainage we can see the Dalles formation bedding accented by 

the type and density of vegetation that inhabits each of its facies. Note that the hydraulic head 

elevation in CRBG aquifers at this location is nearly coincident with the elevation of Mosier 

Creek below. 

 

Figure 13. Lahar facies of the Dalles Formation on Upper Carroll Road 

 



Turn around in the park entry road at Mile 17.9, and proceed back the way we came on Carroll 

Road. As we retrace our path north towards Digger Road, once again note the lahar facies of the 

Dalles Formation exposed in the Carroll Road cut. 

 

At the intersection of Carrol Road and Digger Road (Mile 18.8), turn left onto Digger Road. 

Strata here are dominantly Dalles Formation on the west side of the Mosier Creek drainage. As 

we descend Digger Road, note the changes in facies of the Dalles Formation in the road cut 

(Mile 19.2). We have now entered a tuffaceous, fluvial facies near the base of the Dalles 

Formation. Cross bedding is visible in some of the outcrops. At mile 19.4, park anywhere 

alongside the road. 

 

Stop 4 

Mileage: 19.4 mi. – The contact at the base of the Dalles Formation and the upper surface of the 

Pomona Member (Fig. 14). Note the pahoehoe plates in the flow top of the Pomona flow and the 

slight degree to which the flow top is chemically weathered. This suggests a fairly short interval 

of time before deposition of the Dalles Formation at this location. This evidence indicates that 

the base of the Dalles Formation at this location is slightly younger than 11.8 Ma (the Pomona 

age) and within the age range of the Cascade Range-derived Rhododendron Formation. 



 

Figure 14. Pomona Basalt vesicular flow top with pahoehoe plates at Stop 4. 

 

Directions to Stop 5 

Proceeding down Digger Road we are presented with an excellent view of the interior structure 

of the Pomona Member flow: flow top, upper entablature and colonnade, and lower colonnade. 

At the intersection of Digger Road and Mosier Creek Road (Mile 19.8) turn right onto Mosier 

Creek Road. 

Along the way we can see the Basalt of Lolo (upper Priest Rapids) exposed in the road cut at 

Mile 20.3. 

Continuing north on Mosier Creek Road we eventually cross Mosier Creek at Mile 20.5. A 

glimpse of the USGS Mosier Creek gaging station is visible when looking off the bridge to the 

right. This is the upper of two stream gages that allow an evaluation of groundwater pumping 

stresses to the base flow in Mosier Creek between the gages. We will discuss the groundwater / 

surface water interaction at Stop 6. Continue north on Mosier Creek Road, and at the first 

substantial bend in Mosier Creek Road we will pull off to the shoulder and park. 

 

 



Stop 5 

Mileage: 20.7 mi. – In outcrop here we observe the Saddle Mountains Basalt in contact with the 

Wanapum Basalt (two of the major formations within the Columbia River Basalt Group). 

Between the Pomona Member (of the Saddle Mountains Basalt) and the Basalt of Lolo (Priest 

Rapids Member of the Wanapum Basalt) sits a thin interbed that is equivalent to the Selah 

Member of the Ellensburg Formation. 

 

 

Figure 15. Stratigraphy exposed at Stop 5 - basal Pomona, Selah, and Lolo flowtop (Figure from McClaughry et 

al., 2012). 

 

Also note the sparse vesicular flow bottom of the Pomona Member at this location, as this part of 

the flow has a 6 m thick vesicular zone that is saturated only 1.6 km down-dip where it overlies a 

thicker section of interbed material. The vesicular base of the Pomona is commonly saturated 

and developed for both irrigation and domestic use throughout various parts of the lower 

watershed. The units here are some of the strata that contain the aquifers that have been 

withdrawn from further future appropriation (1988 Withdrawal Order for the Pomona and Priest 

Rapids in Mosier - OWRD). 

 

The Selah interbed at this location appears to be mostly weathered Lolo flow-top material. 

However, a short distance down-dip at Stop 6 (in WASC 52293), the interbed consists of 11.6 m 



of silt and fine sand that acts as a major confining unit between discrete aquifers at the base of 

the Pomona flow and within the Lolo flow. The interconnection of the aquifers across the Selah 

interbed has resulted in significant water level declines in the area by allowing upward flow from 

the Lolo (and Rosalia) aquifers into the Pomona aquifer. 

 

Directions to Stop 6 

Continue north on Mosier Creek Road for 1.0 mile. Take a sharp right turn onto a private drive 

(Mile 21.7). This is private property, so please obtain permission to access. Continue down the 

steep access road onto the Mosier Creek flood plain and park at the base of the drive in the 

clearing. 

 

This location hosts State of Oregon dedicated observation wells. One is completed into the 

Pomona aquifer (WASC 52294) at a depth of 15.2 m (50 ft) below land surface datum [blsd]) 

and the other is completed into the Lolo aquifer (WASC 52293) at a depth of 39.6 m (130 ft) 

blsd. The hydraulic head difference between the Lolo and Pomona aquifers at this site varies 

slightly because of area pumping, but the Lolo head is always slightly higher (approximately 2 

m) than the head in the Pomona aquifer. Interconnecting the aquifers at this site would result in 

upward movement of water from the Lolo aquifer to the overlying Pomona aquifer and gradual 

depressurizing of the Lolo aquifer. 

 

In order to better understand the groundwater pumping stresses on the aquifers and on stream 

flow at this site, we instrumented the two wells and the gage site to record time-series data. The 

instrumentation at the well sites include: Solinst Model 3001 Levelogger F30/M10 transducer 

that measures the water level and water temperature generally on a 1-hour interval (from June 

11, 2015, through present); a Solinst Model 3001 Barologger F5/M1.5, for barometric 

compensation measurements, recording generally on a 1-hr interval (from June 11, 2015, through 

present); and an In-Situ Aqua TROLL 100 data logger that measures specific conductivity and 

water temperature generally on a 1-hour interval (from May 25, 2016, through present). 

A short distance away is a staff plate and recorder for Mosier Creek (our lower stream gage). The 

gage is located on the Pomona Member basalt, 0.72 km downstream from the geologic contact 

with the underlying Basalt of Lolo (the basalt units are dipping northwest at an angle greater than 



the stream bed gradient). The idea is to measure base flow changes that may be occurring across 

the interflow zone between the basalt lava flows. The OWRD stream gage (#14113210, “Mosier 

Creek above Dry Creek, near Mosier”) was installed April 17, 2012, at the lower end of the 

monitored reach and allows, when coupled with the upstream USGS stream gage (#14113200, 

“Mosier Creek near Mosier”), for a time-series analysis of streamflow gains and losses between 

the two gaging sites. The OWRD gaging operations and maintenance follow standard USGS 

stream-gaging protocols; the equipment consists of a staff plate and pressure transducer anchored 

in the stream about 1.5 m from the bank in a stream pool just above a riffle. The transducer is 

housed in a two-inch steel pipe (perforated at the end) anchored in the gage pool near the staff 

plate. The pipe is cantilevered from the stream bank out to the stream but also runs underground 

for about 6 m shoreward to a NEMA box (shelter) containing the data collection platform (DCP). 

The DCP consists of a Design Analysis 500 XL data logger, solar panel, voltage regulator, and 

12-volt battery. The data logger records stream stage readings from the transducer at 15-minute 

intervals. The staff plate is used to manually confirm the stage readings from the transducer 

during site visits. 

 

At this location groundwater levels in the Pomona and Lolo aquifers and surface-water flow in 

Mosier Creek are continuously monitored, from which the interaction between groundwater and 

surface water can be evaluated by correlating the observation well's pressure transducer data to 

the difference between the upper and lower Mosier Creek stage recorder data. 

 

Directions to Stop 7 

Return to Mosier Creek Road and turn right to continue north, downstream. Looking to the left at 

Mile 22.4 we can see the location where Mosier Well No. 3 (WASC 2765/2764: a commingling 

flowing artesian municipal well) that was finally properly abandoned in 2013 after failed 

attempts to repair the well in 1990, 1992, and 2007. The commingling occurred between aquifers 

within the Lolo and Rosalia basalt flows (Priest Rapids Member) and the overlying Pomona 

basalt. Mosier No. 3 was the first well to be abandoned and replaced through the ongoing efforts 

to eliminate commingling wells in the Mosier basin. 

 



Looking to the left at Mile 22.5 finds an example of a mostly coarse-grained fluvial gravel 

(conglomeratic sandstone) (Fig. 16) in the basal portion of the Dalles formation, which is much 

different than the basal fluvial sediment in Dalles Formation we observed at Stop 4. The coarse-

grained facies is common in the lower most part of the Mosier basin, nearer to the axis of the 

Mosier syncline and is a source of water for several domestic and irrigation supply wells in the 

watershed. 

 

Continuing north on Mosier Creek Road we eventually reach the intersection of Mosier Creek 

Road and State Road at Mile 23.1. 

 

Figure 16. Basal fluvial facies in the Dalles Formation at Trip Mile 22.5. 

 

Turn right onto State Road and travel ~0.1 miles across Mosier Creek. Turn right onto Carroll 

Road and proceed south for 1.7 miles. 

 

Turn left at Mile 24.9 onto a private gravel access road. 

 

(Stop 7) 

This is private property, so please obtain permission to access. Continue past the labor camp to a 

deep well (WASC 52569), constructed to reduce groundwater pumping stresses on the shallower 

and severely depleted basalt aquifers in the area. This well replaces two other irrigation wells 

(one nearby) that irrigated 168 acres of cherry orchards from aquifers in Priest Rapids and 

Frenchman Springs Basalts. This well, which develops an aquifer hosted in the uppermost unit of 

the Grande Ronde Basalt (Basalt of Sentinel Bluffs) at a depth of 360 m (1,180 feet) blsd, has a 



total depth of 373 m (1,223 ft) blsd. The stratigraphic section penetrated in this well is as 

follows, proceeding downhole: Dalles Formation, Pomona Member of the Saddle Mountains 

Basalt, Selah Member of the Ellensburg Formation, Lolo and Rosalia basalt of the Priest Rapids 

Member, so-called Quincy-Squaw Creek interbed, three lava units of the Frenchman Springs 

Member of the Wanapum Basalt (Sentinel Gap, Sand Hollow, and Ginkgo basalts), Vantage 

Member of the Ellensburg Formation, and the Sentinel Bluffs Member of the Grande Ronde 

Basalt. The well is cased and sealed to a depth of 351 m (1,153 ft) blsd into the Vantage Member 

of the Ellensburg Formation. The hydraulic head in this well stands at approximately 10 m (33 

feet) blsd. 

 

 

Figure 17. Lineshaft turbine motor, pump controller, and flowmeter at WASC 52569. 
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