Supplementary Information
Core Sites
1. Redden Springs (cores NRS-14, RSP-15, RSP-18).
Redden Springs is a spring/marsh complex in the Great Salt Lake (GSL) Desert of Western Utah (Main text Figure 1, Table S1). The site is found approximately 10 kilometers north of the town of Callao, and 10 kilometers east of the base of the Deep Creek Mountains in Tooele County. The Redden Springs complex consists of a 4km linear arrangement of approximately 15 point-source springs concentrated in a small area at the transition from the lowest piedmont slopes at the base of the Deep Creek Mountains to the floor of the GSL Desert playa. Water discharge at the site is presently enough to support a small wetland of approximately 1,000 acres with several small permanent ponds in the drainage field to the east and northeast of the spring sources. Historically the site has been used to irrigate land for alfalfa production, and the prehistoric footprint of the wetland may have been significantly larger. At an elevation of 1306 masl, the site lies just above the Gilbert Episode highstand (~1295 masl) of the GSL, which occurred at approximately 11,600 cal BP (Oviatt, 2014). The low elevation of the site means that it would only be exposed at a time close to Lake Bonneville’s final regression, sometime around 13,000 years ago. But because it is higher than the Gilbert episode highstand, the site may not have been inundated by lake water at that time. If the Redden Springs complex was an active spring from the moment it was exposed by Lake Bonneville’s final regression, and if environmental conditions were conducive to capturing a sedimentary paleoenvironmental record at the time, the site has considerable potential to offer new information regarding Pleistocene/Holocene transition environments. We have collected three sediment cores from Redden Springs, cores NRS-14, RSP-15 and RSP-18. The RSP-15 and RSP-18 cores were collected from sites less than 2m apart near the main discharge point for the spring complex, but the NRS-14 core was collected from a site we called “North Redden Springs,” a peripheral spring mound about 5km north of the main marsh complex (Figure S1).
2. Fish Springs National Wildlife Refuge
Fish Springs is a large spring system at the southern edge of the GSL Desert, at the northeastern toe of the Fish Springs mountain range, approximately 30 kilometers east of the town of Callao, Utah (main text Figure 1, Table S1). The spring system is fed by productive underground aquifers in the south and west of the site, and in sum discharges around 40 cubic feet (just over one cubic meter) per second. The spring discharge points are located on a north-south line trending the eastern base of the Fish Springs mountain range, and water flows north down a nearly flat gradient across Fish Springs wash, eventually drying up in the vast GSL Desert. We have collected two cores in the vicinity of Fish Springs NWR, cores BCS-15 and LCFSN-16.
BCS-15
Barking Coyote Spring is a perennial spring site situated at the northern toe of the Fish Springs mountain range (Figure S1, Table S1). The site lies approximately 300m north of the margin between the greasewood (Sarcobatus vermiculatus) and saltbush (Atriplex spp.) cove  red Fish Springs Range piedmont and the barren playa below. Modest spring discharge at the site has carved a small sedge and saltgrass (Distichlis spicata) covered channel through the otherwise barren salt playa. We cored the site in July 2015, recovering a 4.84m core.
LCFSN-16
The second site we cored at Fish Springs NWR sits on the northern boundary of the refuge, about 50m north of the refuge’s Harrison Pool Loop Road and less than 100m south of the Fish Springs NWR boundary with the US Army Dugway Proving Ground (DPG) military installation. The site was named LCFSN-16 (Figure S1, Table S1). The site was chosen for coring as unlikely to have been disturbed by historic water diversion and road maintenance activities conducted by the US Fish and Wildlife Service due to its proximity to the refuge’s boundary with DPG. Additionally, the site was selected as potentially informative for drought periods in prehistory. Because the site sits at the northernmost margin of the refuge, it would likely dry up during drought periods before other areas on the refuge. During periods of reduced  spring discharge, surface water would not penetrate as far north on to the desert floor, and the margin of marsh vegetation would likely migrate south following reduced standing water and soil moisture. 
3. Great Salt Lake Desert
We have collected several cores from low elevation sites on the floor of the GSL Desert. These sites have been chosen for their potential to yield information about hydrological activity in the GSL Desert area associated with the Old River Bed and Fish Springs wash. 
The Old River Bed is an extinct water way which connected two shrinking sub-basins of Lake Bonneville, The Sevier Lake basin and the GSL basin between approximately 13 and 9 cal ka and created a vast inland delta at its terminal end approximately 30km north of Fish Springs on what is now the barren floor of the GSL Desert (Oviatt et al. 2003). The nature of water flow, whether above ground or through subterranean phreatic aquifers is poorly understood, as is the amount of flow and how much time during that period water actually flowed between the basins.
Fish Springs wash originates near Fish Springs NWR, and is the channel through which water flows north from Fish Springs ultimately drying up on the floor of the GSL Desert. Exactly when the spring complex at Fish Springs activated is unknown, as is the extent of the marsh in prehistory. 
ORB-HS-14
The Old River Bed 2014 core was collected form an extinct Old River Bed channel at the southwestern Old River Bed delta. The core site is situated between two Old River Bed channels Madsen at al (2015) identified as the Lavender and Yellow channels. Radiocarbon dates reported in for these channels are limited to materials collected from more proximal locations 8 km to the east from the ORB-14 core site, but they indicate the channels were active between 10.2 and 11.7 cal ka (Madsen et al, 2015).
WB-19
The Wishbone 2019 core was collected from a site on the US Air Force Utah Test and Training Range at a terminal Pleistocene/Early Holocene archaeological site named the “Wishbone Site” for the abundant waterfowl furcula (wishbones) present in buried deposits at the site. The site appears to be associated with an extinct channel of the Old River Bed, and contains a black mat deposit which has dated to 12.6 cal ka, likely very near the initial development of the Old River Bed Delta (Duke et al 2018; 2020). 
DS-17
A site with the potential to refine the chronology of hydrological activity of Fish Springs and the Fish Springs Wash is core site DS-17, located approximately 16km west of Granite Peak Mountain (Figure S1 The site is situated in an extinct channel of Fish Springs Wash, which would be an active stream channel during periods of increased discharge from Fish Springs Wash. The site is also approximately 35 km north of Fish Springs, and during wet periods in prehistory it is possible that spring water discharged from Fish Springs flowed to or past the DS-17, feeding wetland systems along the way. Today the site is a virtually barren salt flat, and no evidence exists on the surface that wetlands have ever been present at the site.
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Table S1 presents site locations, hydrologic settings, geographic coordinates, and elevation (meters above sea level) of core sites for this study. In addition to the location information, depths (in meters) at different lake levels during the Lake Bonneville cycle. The ‘D.Bonn.’ column represents the depth at each site during the Lake Bonneville high-stand at ca. 18 cal ka. The ‘D.Provo’ column represents the depth at each site during the Provo level of Lake Bonneville between roughly 18 and 15.5 cal ka. The ‘D.Gil.’ Column represents the depth at each site during the Gilbert episode of the GSL at the end of the Younger Dryas at ca. 11.6 cal ka. The ‘Dist.Bonn.’ column represents the distance from each site to the nearest Bonneville high-stand shoreline feature, which is a good indicator of sedimentation rates in the basin; sites nearer to the shorezones saw higher sedimentation rates than sites farther out in the basin.

Principal Components Analysis of XRF-based chemostratigraphy 
[image: ][image: ]Figures S1-S5 present principle components analysis (PCA) exploration of the XRF-based elemental composition data for the five cores used in this project. The first of each pair of figures shows each element’s contributions to the first and second dimension of variation, and the second figure of each pair shows eigenvalues (percentage of variance explained by each component). We do not attempt here to use these data here to explain anything about the cores themselves or their implications for paleoenvironments. They will however be explored more in future publications regarding these cores.
Figure S1. Principal Components Analysis results for core RSP-18. Contributions of each element to variation in the first two dimensions of variance are shown above. Eigenvalues (percentage of variances explained by each principal component) are shown below.
[image: ][image: ]Figure S2. Principal Components Analysis results for core DS-17. Contributions of each element to variation in the first two dimensions of variance are shown above. Eigenvalues (percentage of variances explained by each principal component) are shown below. 
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Figure S3. Principal Components Analysis results for core DS-17. Contributions of each element to variation in the first two dimensions of variance are shown above. Eigenvalues (percentage of variances explained by each principal component) are shown below.
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Figure S4. Principal Components Analysis results for core LCFS-16. Contributions of each element to variation in the first two dimensions of variance are shown above. Eigenvalues (percentage of variances explained by each principal component) are shown below.
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Figure S5. Principal Components Analysis results for core WB-19. Contributions of each element to variation in the first two dimensions of variance are shown above. Eigenvalues (percentage of variances explained by each principal component) are shown below.




Laminated Marl
The key to vertical alignment of these sediment cores using visual stratigraphy seen in the core photographs (main text Figure 1) is the consistent variation across the Lake Bonneville basin in the pattern of laminated marl (main text Figure 3). While we do not attempt to analyze the laminations found in the cores in the present study, it is worth noting that these early Lake Bonneville laminated sediments have been found in multiple exposures and multiple sediment cores collected from the Lake Bonneville basin (e.g., Spencer et al. 1984;  Oviatt, 1990; Benson et al. 2011; Rey et al. 2016). Additionally, it appears that at least some of the laminations may he been deposited on annual timescales. Future work with these cores analyzing the XRF-based elemental composition data to determine the nature of the laminations but at a superficial level of analysis, counting the laminations and comparing that to our age-depth model, there is very good agreement in some sections. For example, Figure S6 shows the 340-345 cm section of core RSP-18. Counting the lighter colored bands of sediment only (assuming they are light/dark couplets), we count at least 60 laminations between 340 and 345 cm in this core. Our age-depth model predicts this section of the core dates from 23567-23509 cal BP, which is an interval of 58 years. We interpret this coincidence as evidence suggesting both that the laminations are annual in nature in this section, and that the slope of the age-depth model, that is, the estimated sedimentation rate for this section, is fairly accurate. There is still of course considerable uncertainty in the age-depth model, the 95% confidence envelope for this same section spans from 24062-23253, a span of 809 years. Future work with high resolution photography and XRF studies of cores and exposures of Lake Bonneville sediments may allow refinement of the age-depth model created for this study as well as its application to additional cores or exposures where sediments with  correlatable laminated stratigraphy occur.
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Figure S6. Core RSP-18 Depths 340-345 showing fine lamination detail.
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