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INTRODUCTION 

A structure contour map was constructed to illustrate the relief of the uppermost surface of the Grande Ronde Basalt (GRB) of the Columbia 
River Basalt Group in the Moscow-Pullman basin and vicinity. The relief illustrated is primarily a subsurface feature as the GRB is overlain by 
the Vantage Member of the Latah Formation which, in turn, is overlain by �ows of the Wanapum Basalt. The map is read in the same way as 
a topographic map and uses a 50 ft (15.24 m) contour interval. 

Most elevations were obtained from well reports with the exception of the area north and east of Colfax where the GRB is exposed along 
the Palouse River (Bush and Dunlap, 2017). Well chip chemistry was used at twenty well sites to verify the presence of the uppermost �ow 
of the GRB (Conrey and Wol�, 2010; Conrey and others, 2013; Conrey and Crow, 2014; Bush and others, 2016; Bush and others, 2018a ). An 
additional 141 elevations of the uppermost GRB �ow were interpreted from well reports, outcrops, stratigraphic and geologic cross-sec-
tions, and geologic maps that have a vertical accuracy ranging from 10 to 25 ft (3 to 7.6 m).

The lack of data in places required the interpretation of trends based upon an overall geologic understanding of the area. For example, a 
small northwest-plunging anticline exists along the western edge of the city of Pullman (Conrey and Wol�, 2010; Bush and others, 2018b), 
but the lack of data points over the areal extent of the fold prohibited the use of statistical and computer-generated methods to properly 
illustrate this anticline. Therefore, the overall geologic relations, in conjunction with known points, were used to produce a realistic contour 
map of the fold. Similar methods were used throughout the area. Numerous geologic cross-sections were constructed to assist in these 
interpretations.

DISCUSSION

The area contoured is located on the northeastern edge of the Columbia River �ood basalt province where the basalt �ows are relatively 
undeformed and overall have a gentle westward dip. However, within this general setting the GRB surface is irregular due to deformation 
and pinchouts of individual �ow units, �ows, and members. 

The GRB surface is essentially horizontal between the two cities of Pullman and Moscow (Conrey and Wol�, 2010). Near the Washington-Ida-
ho state boundary the surface drops rapidly eastward to more than 300 ft (91 m) beneath Moscow as the result of the west-to-east pinching 
out of the GRB �ows. In general, the older �ows of the GRB beneath Moscow extended farther eastward than subsequent younger �ows, a 
feature called o�ap. 

Westward from the central part of the basin, the GRB surface slopes down into Pullman and then rises again before dropping beneath 
Union Flat Creek to the southwest. These changes in elevation in the Pullman area are believed to be primarily due to the presence of north-
west-trending folds. One fold is an anticline that extends from the northern end of basement rocks on the south through Pullman and 
northward to basement rocks at Albion (Bush and others, 2016). Another fold is the corresponding syncline southwest of Pullman (Swanson 
and others, 1980) that, in general, follows the northwest trend of Union Flat Creek.

GROUND WATER IMPLICATIONS

There are two major water-producing zones, referred to as the upper and lower aquifers, in the Moscow-Pullman basin. The upper aquifer 
occurs primarily above the upper Grande Ronde surface in the overlying Vantage sediments and the Priest Rapids Member of the Wanapum 
Basalt, and the lower aquifer occurs in the GRB and associated sediments of the Latah Formation. Water levels in the lower aquifer are 
generally more than 200 ft (61 m) below those in the upper aquifer. The relief map of the GRB surface is useful in visualizing the relations 
between the two aquifers and, in places, can be used to interpret the direction of lateral ground water movement.

The primary lateral movement of ground water in most Columbia River Basalt Group aquifers occurs in zones along the contact of �ows and 
(or) �ow units (Reidel and others, 2002; Tolan and others, 2009). And, the direction of lateral movement of the water is primarily down the 
dip of those contact zones (Reidel and others, 2002; Tolan and others, 2009). Thus, if the slope of a known subsurface feature is indicative of 
the dip of the contacts, then that slope would represent the primary direction of ground water movement. 

Geologic cross sections (Bush and others, 2018b) show that the slopes illustrated in the Pullman area and to the southwest in the Union Flat 
Creek and Colfax areas are similar to the dip of underlying basalt contacts. In those areas, the slopes of the Grande Ronde surface are likely 
to be the primary direction of lateral ground water movement. Beneath Pullman, the primary direction of groundwater �ow is likely to the 
northwest toward Albion. West of Pullman, the movement is also likely to the northwest, away from the Snake River. Water levels between 
wells are relatively consistent in the lower aquifer (Ralston and others, 2013; TerraGraphics Environmental Engineering, Inc.; and Ralston 
Hydrologic Services, 2013); thus, piezometric maps do not help to verify or discredit this interpretation.

The slope of the Grande Ronde surface into Moscow, however, is not caused by eastward-dipping basalt �ows. Here, the slope results from 
an o�apping to the west of individual Grande Ronde �ows and (or) �ow units which are interbedded with sediments of the Latah Forma-
tion. Thus, the eastward-dipping slope illustrated is one for the top of successively older �ows and not a continuous surface on the same 
basalt �ow. It is concluded that, in this case, the eastward slope does not necessarily represent the direction of lateral ground water move-
ment beneath Moscow. 

FUTURE SITES FOR MUNICIPAL WELLS

Municipal water wells in Pullman and at Washington State University produce from the lower aquifer in the Grande Ronde Basalt. The 
primary production comes from an interbed of the Latah Formation located between the N1 and R2 magnetostratigraphic units (MSUs) of 
the GRB at 550 to 650 ft (168 to 198 m) below the top of the Grande Ronde (Bush and others, 2018b). If a new municipal well is to be 
constructed here, it is recommended that sites along Missouri Flat Creek north of Pullman city well 7 should be considered where basalt 
contacts plunge northwest toward the city of Albion. Also, sites west of Pullman in the Union Flat Creek area should be considered. Both 
areas occupy northwest-plunging synclines that capture subsurface water �owing down slope toward the center of the folds. The structure 
contour map, along with geologic cross sections (Bush and others, 2018b) can be used to estimate the location of the synclinal axis and 
depth to the R1–N2 contact in order to obtain maximum production.

In the Moscow area municipal wells produce from the lower aquifer and the upper aquifer. In both cases, coarse-grained sediments of the 
Latah Formation are believed to be the principal avenues for water supply. These coarse-grained sediments are most dominant where there 
is a rapid change from a near-horizontal GRB surface to an eastward drop in elevation. This occurs west of Moscow where north-south 
paleostreams formed along pinchouts of R2 MSU members of the GRB. The newest municipal well, Moscow city well 10 located near the 
Washington-Idaho state boundary, penetrated gravel and sand interbeds that exceeded 160 ft (49 m) in total thickness, and it is expected 
to have the largest yield of all the lower aquifer wells. If future municipal wells are to be constructed for production from either the upper 
or lower aquifer, it is recommended that areas in the northern and northeastern parts of the city of Moscow be considered where sequenc-
es of coarse sediments are expected at depth. The map of the uppermost Grande Ronde surface can be used to locate the trend of the rapid 
west-to-east change in slope where coarse-grained sediments tend to occur.
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