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XRD Analysis 

 XRD analysis provided detailed information on the relative abundance of a select set of 

minerals (e.g. calcite, dolomite, quartz, etc.) in the deposit, especially when examining the 

Bonneville Regressive Bar (BRB) and the Lower Transgressive Sequence (LTS). The division 

between the BRB and LTS is based on the outcropping characteristics (grain size) and 

mineralogy (Table 2). The quartz, dolomite, and illite are detrital, with the dolomite and illite 

likely being sourced from the abundant carbonates and shales in the Silver Island Mountains, 

located across the valley from the BRB. Albite could be authigenic or detrital, depending on if 

the albite was sourced from the playa and then reworked into the deposit or from the shoreline. 

The small amount of kaolinite is also authigenic, being sourced from the playa. The abundance 

of calcite in the BRB compared to the LTS is relatively significant in identifying the origin of the 

cement; however, the Bonneville sequence, or range of sediment deposited by Lake Bonneville, 

has relative calcite variations from <10% to 95%, so a wide range of calcite concentration is not 

abnormal (Nelson and Rey, 2018).   

Mineral BRB Avg. 
(wt. %) 

BRB 
Error 

LTS Avg. 
(wt. %) 

LTS  
Error 

Quartz 50.27 ± 0.28 48.39 ± 0.41 
Calcite 20.20 ± 0.26 10.74 ± 0.33 

Aragonite 8.84 ± 0.35 3.69 ± 3.23 
Illite* 6.54 ± 0.55 11.06 ± 1.1 
Albite 10.32 ± 0.83 20.87 ± 1.95 

Kaolinite 1.95 ± 1.22 2.16 ± 2.43 
Dolomite 1.87 ± 1.15 3.09 ± 0.26 

Table 1. Summary of the average concentrations of the mineralogy of the BRB and LTS. *2M1-Muscovite was used 
for illite in the analysis. See text for discussion. 

Radiocarbon Ages 

 Four snail shells were sent to the University of Georgia Center for Applied Isotope 

Studies to determine the ages of the BRB. The results are as follows: 16,488 years, 15,207 years, 
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15,083 years, and 14,106 years. The ages were originally reported in 𝛿𝛿13C corrected radiocarbon 

age, but were converted to calibrated years before present (cal ka BP). 

Gastropod Identification 
 

Modern springs in Pilot Valley are visible where lake sediment onlaps the alluvial 

deposits, near the playa-alluvial fan interface (South et al., 2016). A spring existed near the BRB 

based on the identification of one taxa of gastropod, the genus Pyrgulopsis from the family 

Hydrobiidae (Fig. 11). Pyrgulopsis is predominantly found in the BRB, with occasional 

occurrences in the LTS. It has recently been identified in modern springs and other groundwater-

dependent habitats in northwestern Arizona and is known for living within a single spring or 

spring complex (Hershler et al., 2016). Additionally, the genus Fossaria from the family 

Lymnaeidae are present in the BRB and predominantly lived in ponds and streams (Pontier and 

David, 2004). Both Fossaria and Pyrgulopsis tolerated fresh to moderately-saline water 

(Hershler, personal communication, 2017). 

 

Figure 11. (A) Photo of a sample from the BRB that contains whole and broken gastropod shells. (B) Photo of the 
genus Pyrgulopsis, family Hydrobiidae from Unit 1. See text for discussion. Photos courtesy of Katelynn Smith. 
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Figure 15. Long profile going south and north of the BRB. Note that there are little to no clinoforms from 0 to 55 
meters; they begin at the BRB and flatten out on the northern side, around 95 meters. The GPR facies are noted on 

the figure.  
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Figure 16. Photo of the western side of the Bonneville Regressive Bar (BRB) looking eastward. Note the south-
dipping beds, ranging from 35°-45°. These are interpreted as foreset beds as part of a barrier of the regressive phase 

of the lake. Photo courtesy of David G. Tingey. 

The GPR data provides additional detailed information on the interior structure of this 

deposit (Fig. 15, Fig. 17, Fig. 18, and Fig. 19). Overall, the structure maps show a steady 

decrease in elevation from the northern to southern sides of the BRB with no drastic changes in 

topography, i.e. there are no major topographic peaks or valleys (Fig. 18). The GPR data thereby 

confirms the lateral continuity and general homogeneity of the BRB. However, the 3D volume 

also reveals two groups of radar facies, based on general dips of the reflectors: a package of steep 

reflectors to the northwest and a package of gentler-dipping reflectors to the southeast (Fig. 17). 

The clinoforms also decrease in slope to the eastern side of the survey, suggesting that this could 

be the apex of the v-shaped barrier or that wave-energy decreased to the east (Fig. 17). Figure 15 

is a regional profile of the BRB, going just south, over, and to the north of the deposit. It is 

possible that the BRB is a remnant of a delta, but the presence of the v-shaped barriers 

throughout the valley and the southern-dipping clinoforms in the BRB indicate that these are 

foreset beds of a progradational gravel bar that were deposited shortly after the Provo Shoreline 

during a minor transgressive event (15.1-14.5 cal ka) (Fig. 17).  
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Figure 17. An index map and series of profiles of the GPR data. Notice the very reflective dipping clinoforms in the 
upper portion and the discontinuous reflectors in the lower half. The dipping clinoforms are prominent in the longer 

profiles. The shorter profiles did not include the clinoforms due to an obstruction from the outcropping rock. The 
blue lines indicate clinoforms that have a measured dip that shallows to the southeast. 
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Figure 18. The three structure maps superimposed onto the 3D interpolated volume. The blue in-line is Horizon 3, 
green is Horizon 2, and red is Horizon 1. The corresponding horizons originate on the northern side of the survey 

and migrate to the south, matching the trend of the dip.  
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Figure 19. (A) Reference map for the three horizons. (B) to (D) Structure maps of three key horizons at the BRB. 
See text for discussion. 
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The identification of the gastropod shells provided insight to the environment in and 

surrounding the BRB (Fig. 11). Pyrgulopsis found in the BRB are interpreted to have lived in a 

spring habitat and Fossaria lived in streams. As lake levels regressed and as storm-events 

occurred, these gastropods were transported from the streams and possible springs located above 

the shoreline to the BRB. The preservation of the shells depends on the sediment in which they 

are found. There is twice as much calcite in the BRB relative to the LTS and Pyrgulopsis is 

dominant in the former (Table 1).  

CONCLUSIONS 

 This study provided critical insight to a rare, well-preserved regressive-phase deposit in 

the Lake Bonneville Basin. Combining the GPR data with the stratigraphy at the BRB and LTS 

was the most beneficial aspect of this project; a depositional model representing foreshore to 

proximal offshore deposition was generated based on GPR, measured sections, core analysis, and 

gastropod taxa identification. The GPR data provided detailed information on the BRB’s internal 

structure and a facies interpretation, aiding in the conclusion that the BRB is a remnant of a 

progradational gravel bar. 

Using GPR to image a shallow Lake Bonneville deposit was successful in this study and 

provides a model that can be used to analyze similar features throughout the basin. Through 

these various types of data analysis methods, we determined that the LTS is a transgressive, 

relatively deep-water deposit and that the BRB is regressive and was deposited in shallow water. 

Gastropod taxa identification supports the hypothesis of a spring being present near the BRB. 

Calcium carbonate, possibly a high-energy precipitated tufa, coats the clasts at the BRB, making 

this deposit more resistant to erosion, thus explaining its unusual preservation.  
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