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Figure 51. 3-dimensional representation of final model -.New Town side. 
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SOURCES OF ERROR 

SlfRVEYTNG 

Balde, et al., (1991) estimated that a 10 cm accuracy was obtained for the 

elevation data. This would correlate to an error of approximately 0.02 mgal which falls 

within the accuracy criteria set at the beginning of the project. Unfortunately, a 

signill.cant amount of data was deemed unusable due to mechanical equipment failures 

and/ or data processing problems. For example, one defective receiver with a bad 

channel affected approximately 1000 stations. 

GRAV11Y MEASJ JREMENT 

As previously mentioned, the gravity meters used for this project had a 

resolution of 0.01 mgals which was well within the project's constraints. However, the 

use of three different gravity meters could have introduced a source of error. The 

manufacturer determines a meter constant for each gravity meter to correct for 

mechanical characteristics unique to each instrument. This constant, when multiplied 

by the observed gravity signal, should result in the same gravity reading for the same 

gravity signal for each meter. 

However, as the different parts within each meter are stressed by normal usage, 

slow mechanical alterations result in meter drift. Corrections for meter drift were made 

by the GRAVPAC (LaCoste and Romberg, 1989) program for each individual meter, but 

initial calibration between the three separate meters was not performed. 

Due to the gentle slopes and lack of pronounced topographic features, terrain 

corrections were not performed. The only area which may exhibit terrain effects is 

125 

: .-......... , .. .,, ,. 



' r \ .. 
126 

located on the extreme western edge of the study area adjacent to the Missourt River 

Trench (Figure 28). It is more probable that this significant high is the result of a deep 

seated structural feature as the topographic map does not indicate an abrupt change 

in elevation at that location. Other smaller features however, could have had small 

effects on the results. 

By far the greatest source of errors on the project was the result of careless 

operation of the gravity meters. Numerous recording errors in the field data were 

noted. In addition, it is suspected that the improper leveling, rough handling, and 

improper zeroing and/ or reading of the gauge dial caused numerous errors in the data 

collected. Evidence suggesting careless operation includes the crossing point data and 

base station data where separate readings at the same station resulted in Bouguer 

gravity anomaly value differences of 0. lmgal or more. 



DISCIJSSION 

STRUCTIJRE 

As mentioned in the methodology section, well log data were examined to 

determine the influence of regional structures on the gravity field. In general, the 

sedimentary units of the Williston Basin dip to the west and thin to the east in the 

vicinity of the study area (Figures 30 and 31). This trend can also be seen from the 

structural contour map of the top of the Greenhorn Formation (Figure 35) and the 

three-dimensional representation (Figure 36). The trend of the Williston Basin is 

reflected in the unfiltered Bouguer gravity anomaly maps (Figures 27 through 30). 

Although the Antelope anticline lies to the west of the study area, its influence 

can be seen on the western edge of the site (Figure 28). The broad, north trending 

syncline mentioned by Dingham and Gordon (1954) is not apparent, although there is 

a small synclinal feature in the northwestern corner of the study area with an axis 

located west of New Town, ND and trending to the northwest. The small northeastward 

trending anticline mentioned by Dingham and Gordon. ( 1954) is also discernible, 

particularly on Figure 35. There are no apparent structural features for the bedrock 

high mentioned by Lemke (1960) beneath the study area. It is difficult to discern any 

influence on the unfiltered Bouguer gravity anomaly maps resulting from these smaller 

features. 

SHALLOW WEU, DATA 

The ratio maps which were created, although inferential in nature, present a 

useful tool for analyzing the location of potential aquifers. High ratios of 
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coarse-grained material to glacial drift thickness (Figures 38 and 39) occur in the 

vicinity of the mapped aquifers (Figures 11 and 12). The ratios were also valuable in 

determining appropriate density contrast values for computer modelling. 

The elevation of the bedrock surface maps (Figures 40 and 41) were useful in 

determining the location and areal extent of preglacial channels. The most remarkable 

feature is the deep trench visible on the Parshall side of the study area in the vicinity of 

the mapped White Shield aquifer (Figure 40 and Figure 10, respectively). 

Areas of high drift thickness (Figures 42 and 43) are also in the same vicinity of 

the mapped aquifers. The drift thickness data were also incorporated into the 

simulations. 

I JNFILTERED BQI JGI IER GRAVIlY ANOMAT .TES 

The unfiltered Bouguer gravity anomaly maps (Figures 14 through 1 7) produce 

patterns that are in general agreement with the-structure and stratigraphy of the study 

area. There is a very strong regional influence and very little of the local gravity field 

can be distinguished. The opposite relative anomaly trends exhibited by the Parshall 

and New Town sides are also shown on the GNA maps (Figures 14 and 15) and are the 

result of separating the sides into two data groups. Specifically, mean values were 

calculated for each side separately, with the resulting means being subtracted from the 

Bouguer gravity anomaly values for each respective side. 

FII.TERING 

GNAData 

The basic problem encountered by using the GNA data to filter out the regional 

gravity effects relates to the coarseness of the data. The data used were gridded values 
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based on relatively few actual gravity stations in the area. Toe resulting regional field 

consisted only of very large gravity signals, in this case the signal resulting from the 

Williston Basin. Smaller structural features that may have contributed to the regional 

gravity field were missed entirely. 

Upward Continuation 

Upward continuation filtering worked extremely well for the determination of 

the regional anomaly patterns (Figures 22 through 24). However, the amplitude 

changes resulting from this method of filtering presented problems when separating 

the regional field from the Bouguer gravity anomaly values. The method of applying a 

multiplication factor and adjusting the amplitude values accordingly is not 

mathematically valid. Values farther away from the mean are adjusted to a greater 

degree than those closer to it. Proper treatment of this method would require the 

manipulation of the algebraic expressions describing both surfaces in three 

dimensional space which is beyond the scope of this thesis. 

Wavelength Eiltenng 

As previously mentioned, the upper limit for the wavelength filtering was 

established at l O km by trial and error. The pattern for wavelengths greater than 10 

km (Figure 26) was similar to the anomaly patterns produced from the GNA data 

(Figure 16) and the patterns resulting form the upward continuation (Figures 22 

through 24). A similar pattern was generated for wavelength runs of 5 and 7 .5 km, but 

many of the near linear low anomaly features evident on Figure 27 were broken up or 

removed entirely. For this reason, the more conservative limit of 10 km was chosen. 

The lower limit of the band pass was established at 1.5 km. The maximum 

amplitudes of the waves removed below this value ranged from approximately -0.4 to 
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+0.4 mgal. Removal of these wavelengths had little overall effect on the gravity 

anomaly maps with the exception of removing extemporaneous noise ( small, isolated 

features). However, it is possible that some minor features of interest could have been 

removed by using this value. An even larger value (e.g., 2.0 km) could have been used 

which may have lessoned the cyclical nature of the small wavelength anomalies shown 

in some areas of the filtered maps (e.g., southern portion of Figures 27). 

The resulting filtered gravity anomaly maps (Figures 27 and 28 and 3-D Views 

shown on Figures 29 and 301 show several features of low anomaly values which could 

be interpreted as buried channels. Several of these features are located in the same 

approximate locations as the mapped aquifers (Figures 11 and 12). In particular, the 

northern east-west trending finger of the New Town aquifer is visible and the southern 

east-west portion can also be seen on the three-dimensional filtered Bouguer gravity 

anomaly map (Figure 30). The lack of gravity data in the southern portion of this side 

of the study area makes this interpretation speculative, however. The thickest portions 

of the White Shield aquifer on the Parshall side of the study area are also apparent 

(Figures 27 and 29). 

The Shell Creek Bay Aquifer system is not visible on the filtered gravity anomaly 

map. Well data indicate that the sand and gravel deposits in this system are only 

several meters thick and would not produce a recognizable gravity signal. 

An unmapped north-south trending linear anomaly is also apparent near the 

eastern side of the Parshall area. Well data are very limited in the vicinity of this 

feature, but it is possible that it is a near-surface outwash channel. 

Several anomalous highs are also visible on both sides of the study area. Many 

of these features are adjacent to the channel features and could be bedrock highs 

which controlled the flow of the rivers that cut these channels. 
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MODEJJJNG 

Gravity simulations to calculate the contribution of the glacial drift yielded 

limited information. The density contrasts, depths, and thicknesses used in this model 

did not differ sufficiently to generate a more complex gravity field. Subsequent runs 

were performed to simulate features which would cause the larger amplitude anomalies 

shown for both the Parshall and New Town sides. 

As mentioned in the methodology section, initial model parameters were based 

on available well data. After each run, the model results were compared with the 

filtered gravity anomaly maps and adjustments were made to the model parameters 

where necessary. Although this method was somewhat conjectural and, to a large 

extent dependent upon the judgement of the author, the final model results, in most 

instances, are in agreement with the well data. 

In particular, the wells in the vicinity of the central portion of White Shield 

aquifer (model rows 7 through 1 7 and model columns 18 through 28 on Figure 48) 

indicate depths of 20 to 40 meters and thicknesses of 7 to 35 meters. The model 

yielded a maximum density contrast of -0.4 g/cm3
, a model depth of 30 meters, and a 

thickness of 25 meters. Wells in the vicinity of model rows 4 through 8 and model 

columns 25 through 31 (Figure 48) indicate an aquifer depth of 16 to 41 meters and a 

thickness of 13 to 24 meters. In this area, simulations resulted in a maximum density 

contrast of -0.45 g/cm3
, depths form 10 to 30 meters and thicknesses of 10 to 35 

meters. 

In the area of model rows 15 through 26 and model columns 7 through 19 

(Figure 48). well data indicates that the White Shield aquifer ranges in depth from 15 to 

40 meters and that it is in excess of 60 meters in thickness. Model results using these 

parameters generated exceedingly high anomaly values. Depth and thickness 
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parameters were manipulated to generate anomalies more in agreement with those 

observed on the filtered anomaly maps and resulted in density contrasts of-0.4 g/cm3
, 

50 to 60 meters in depth and thicknesses of 15 to 20 meters. However, it would have 

been possible to generate the same anomalies by adjusting the density contrast 

parameter instead of the depth and thickness values. 

Limited well data along the ea.stem side of the Parshall area made it difficult to 

model the low anomalies shown in model columns 28 through 34. Density contrasts 

ranging from -0.2 g/cm3 through -0.5 g/cm3
, depths of 30 to 50 meters, and 

thicknesses of 5 to 35 meters were ultimately used and were based ptimar:ily on the 

results of the middle portion of this side of the study area. 

Well data in the vicinity of model rows 18 through 20 and model columns 9 

through 12 (Figure 49) indicate that the New Town aquifer has a depth of 

approximately 25 meters and a thickness of 35 meters. The model yielded similar 

anomaly patterns using a density contrast of -0.5 g/cm3
, depths of 20 meters, and a 

thickness of 15 meters. Again, the disparity in the thickness between the well data 

and the model could be accounted for by using a density contrast that was too high. 

Similar results were obtained in the vicinity of model rows 11 through 16 and model 

columns 6 through 11 (Figure 49). Well data indicates depths of Oto 25 meters and 

thicknesses of2 to 57 meters while the model parameters were depths of 10 meters 

and thicknesses of 20 meters. Wells near model rows 5 through 11 and model 

columns 4 through 8 (Figure 49) show depths of sand and gravel ranging from 9 to 30 

meters and thicknesses ranging from 8 to 40 meters. The model generated similar 

anomalies using density contrasts ranging from -0.2 to -0.5 g/cm3
, depths from 10 to 

20 meters, and thicknesses of 5 to 20 meters. 

In the area of model rows 11 through 13 and model columns 16 through 18 well 

data indicates sand and gravel deposits occur at depths between 20 to 36 meters and 
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range in thickness from 13 to 23 meters. The model yielded similar anomalies with 

density contrasts of -0.4 g/cm3
, depths of 10 to 20 meters, and thickness values of 10 

meters. 


