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Introduction 
The supplementary contains supplementary text with details of the U/Th basis of dating, sample preparation, sedimentological interpretation and age modeling parameters.
The supplement also contains figures, including images of the sediment cores and detailed graphical presentation of results about mineralogy, dating and age modeling supporting the main text.  


Text S1. U-Th dating of Searles Basin sediments
Three investigations have applied U-Th dating to sediments in the Searles Basin  (Bischoff et al., 1985; Lin et al., 1998; Peng et al., 1978). All U-Th ages from prior work have been recalculated using updated decay constants (Cheng et al., 2013) and an initial atomic 230Th/232Th ratio of 9±4 x 10-6 (see text for the origin of this initial value) to ensure that U-Th ages are comparable with those from SLAPP-SLRS17. Core depths may be slightly offset between datasets due to variable thicknesses of sedimentary units at different core sites. The comparisons in Figure S1 (B and C) demonstrate good agreement between dating of SLAPP-SRLS17 (this work) and prior dating of other cores from the basin. The comparison also shows the substantially smaller uncertainties of the present work due to improvements in analytical techniques.
Text S2. U-Th sample preparation

Samples were prepared for U-Th analysis at MIT in a clean room equipped with laminar flow hoods. Samples were dissolved in dilute 8N nitric acid in 22 mL Savillex vials, and a 229Th-233U-236U tracer was added. Then ~0.3 mL of 30% H2O2 was added before the samples were refluxed to homogenize sample and tracer before being dried down on a hotplate. Samples were redissolved in hydrochloric acid and ultrapure water and transferred to 15 mL centrifuge tubes. Iron chloride was added to the samples, followed by addition of ammonium hydroxide to raise the pH to 7-8. Iron oxyhydroxides precipitate that scavenge U and Th from the solution, leaving behind Ca, Na and other primary constituents of the salts. The samples were centrifuged and the supernatant decanted; samples were rinsed twice in ultrapure water, followed by repeated centrifugation and removal of the supernatant. The remaining samples were then redissolved in 8N nitric acid, returned to 22 mL Savillex vials, and refluxed. U and Th were then isolated using ion exchange columns. We used 0.5 mL columns filled with AG1-X8 resin (100-200 mesh). As described in Edwards (1987), Fe, Ca, Na and other elements were eluted in 8N nitric acid and discarded; Th was eluted in 6N hydrochloric acid; and U was eluted with ultrapure water. Separated U and Th fractions were then dried down with two intermediate additions of ~0.3 mL 30% H2O2, redissolved in 0.3 to 1 mL of 0.3 N nitric acid, and transferred to 2 mL tubes for analysis. One procedural blank was processed with each set of ~9 samples.

Samples were analyzed for U and Th isotope ratios using a Nu Plasma II-ES equipped with a CETAC Aridus II desolvating nebulizer. U fractions were analyzed in a static routine in which 234U was measured on a secondary electron multiplier, and all other isotopes (233U, 235U, 236U, and 238U) were measured simultaneously on Faraday cups. U sample analyses were bracketed by measurements of CRM-112a (natural uranium); 238U/235U ratios in the standards were used to estimate mass bias; 238U/234U ratios in the standards were used to track ion counter yield; and a peak-jumping routine measuring signals at masses 237, 236.5, 235.5, 234.5, and 233.5 was used to determine a power-law expression for tailing, and to correct samples for tailing. Once per day, we also measured signals at mass 239 to estimate upmass tail and hydride corrections. Between each sample and standard, background measurements were performed using 0.3 N nitric acid. 

Thorium isotope ratios were measured similarly, with 230Th measured on a secondary electron multiplier, and 229Th and 232Th measured simultaneously on Faraday cups; the cup measuring 229Th was equipped with a 1012 ohm resistor to permit more precise measurement of small 229Th beams (typically ~10 mV). Th samples were bracketed by measurement of a 229Th-230Th-232Th standard (MITh-2) prepared at MIT.
[bookmark: _mcga8qi2rt3f][bookmark: _qkbqmas868kn]Text S3. Sedimentological interpretation 
Core images and thin sections highlight the stratigraphic units, sediment textures, and mineral associations represented in U-Th samples (Figures S2-S6).
Text S4. Tie Point 
We established a tie point near Termination II by matching the peak nearest to 125 ka in the SLAPP-SRLS17 δD C31 alkane (Peaple et al., 2022) and Leviathan δ18O (Lachniet, 2016) records. The records were normalized and the interpolated at a 0.1 ka timestep. High frequency variability was removed with a Butterworth low pass filter (Figure S8). Tie points were determined by peak matching with locations determined where the second derivative was equal to zero. The maximum difference between the median age model based only on U-Th ages and that incorporating the tie point is 7 ka (Figure S9). See the main text for further discussion of the tie point.
Text S5. Age modeling parameters
We applied Bacon for age model construction because of its ability to accommodate the varying stratigraphy (Blaauw and Christen, 2011; Trachsel and Telford, 2017) found in the SLAPP-SLRS17 core. Below we discuss the various parameters selected for model construction.
Specific parameters:
thick=25,
Non-default: The thickness dictates the number of core sections to be modeled. Section thicknesses must be smaller than the distance between units so that each unit has at least two elbows (node points) for modeling within each unit. The number of sections should not exceed more than a few hundred; greater numbers of sections cause model instability because of over parameterization (Bacon documentation). If either of these criteria (nodes or number of sections) are not met, the model will not run, or it becomes unstable and diverges from the age data.
The selected thickness (thick = 25; (cm)) represents a balance between the five major units’ thicknesses (>200 cm) documented in the SLAPP-SLRS17 core and the number of sections permitted. This thickness approached the smallest allowable size (because of the number of sections limit) and it was also similar in scale to the subunits observed in the core (~20 cm). Thus, our thickness selection was a compromise, able to capture small scale changes reflected at the subunit scale as reflected by the spacing and density of our ages but not so small that the model would be over-parameterized.
t.a=33 and t.b=34,
Non-default: The dates and errors are treated using the student’s t distribution. We have defined this distribution close to a normal distribution (Christen and Pérez, 2009). Since the U-Th age errors represent primarily analytical (counting) uncertainty and the ages are all <200 ka, a close to normal distribution is appropriate. (Dating errors become substantially asymmetric due to nonlinearity in the U/Th-age relationship at ages greater than ~300 ka.)
prob=0.95,
Default: age range reported (default 95% ranges)
d.max=8000,
Non-default: Since the last age is above the bottom of the core, we specify a bottom depth for Bacon just beyond the end of the recovered core. This allows the model to provide extrapolated ages beyond the last age data point. Ages below this point are increasingly unconstrained with distance from the last age. However, such an extrapolation is needed to provide an age-depth estimate for the core.
d.by=1,
Non-default: Ages were extracted from the model every 1 cm. We chose this to match the overall scale of our core samples.
acc.shape=1.7,
Non-default: This controls the peak shape for the gamma distribution associated with the prior for the accumulation rate. Higher values result in a more peaked shape. The chosen peak shape function provided a fit to the data. The chosen peak shape sometimes underfit the data. However, it was the best possible fit within the range of allowable values.
acc.mean=c(20,40,20,40,40),
Non-default: We varied accumulation rates (yrs/cm) depending on the stratigraphic unit. Rates were estimated based on the overall age depth relation of the core and on a unit-by-unit basis (five major units: Upper Salt, Parting Mud, Lower Salt, Bottom Mud, Mixed Layer). We estimated that evaporite units had a rate of 20 yrs/cm and mud units were a factor of two slower (40 yrs/cm). These values provided the initial rates needed for the model to track the age data. We also varied accumulation rates experimenting with the core average rate and a range of rates corresponding with each unit type. We varied the rates for individual units by more than a factor of two. The accumulation rate can be varied by several factors without much effect but can cause the model to diverge if the accumulation rate is too different from that dictated by the data. This issue is exacerbated when there are many unit boundaries and age data are not near the unit boundaries (see additional discussion below).
We believe that our estimate and the model output on evaporite deposition rate should be considered as a minimum rate (see main text). There are mud interlayers in the salt units. These muds presumably had a slower accumulation rate. Thus, the average deposition rate in the model will be less than the rate for individual evaporite layers. The locations of the ages are such that we integrate over muds and evaporites
mem.strength=50 and mem.mean=0.1,
Non-default: the memory was set low to allow for rapid changes in sedimentation rate. This is appropriate given the abrupt changes in sedimentation rates associated with evaporite and mud deposition (M. Blaauw, personal comm). While in some model runs, stiffer memory parameters yielded reasonable results, the more flexible memory in the model is more consistent with the changes in the core record.
boundary=c(2178,2516,3813,7046),
Non-default: We assigned unit boundaries associated with the largest units in the core (five major units: Upper Salt, Parting Mud, Lower Salt, Bottom Mud, Mixed Layer). At unit boundaries, Bacon resets the memory. If the acc.mean value (discussed above) for each unit is “too” different (determined by experimentation) from the approximate accumulation mean for a unit, the model will diverge. This is especially problematic at locations where there are few ages near unit boundaries.
Seven subunits of alternating salts (S1-S7) and Muds (M2-M7) are documented in the Lower Salt, with thicknesses ranging from ~220 cm to 18 cm, average ~100 cm. We attempted to incorporate these subunits into the model but ultimately removed them due to several interrelated issues. First, there were too many thin subunit sections without ages; thus the model would follow the initial accumulation rates in these areas and ultimately diverge. This divergence seemed to be exacerbated by the reset in memory across unit boundaries. The other issue was that reducing the thickness (thick) to below 18 cm to accommodate the need for two elbows (nodes discussed above) caused the number of sections to increase such that the model would over-parameterize and diverge.
Within the Lower Salt there are some changes in sedimentation rates and rates are overall greater than in locations of mud deposition below (Bottom Mud) and above (Parting Mud). This overall pattern is consistent with the observation that evaporite depositional rates greatly exceed mud depositional rates in modern saline lake systems. In the Lower Salt, there are approximately 650 cm of salt deposition and 420 cm of mud deposition. Therefore, evaporite deposition rates should be higher than that represented in the model.  
[bookmark: _z0up30pr1zqp]Text S6. Evaluation of age model output
Since Bacon takes a Bayesian approach to age-depth modelling, some variability occurs from model run to model run. In a model run, Bacon estimates accumulation rates, returns a mean rate and provides minimum and maximum 95% confidence ranges. In the SLAPP-SRLS17 record, differences between model runs using the same parameters are typically on the order of decades but can be up to a few hundred years in locations where few ages constrain the model (i.e., 44.55 to 49.98 m). The overlap of both age models with the dates is very consistent (82% overlap). The non-overlapping ages were bypassed because of the influence of other nearby ages or their stratigraphic position as outliers far from a reasonable age depth relation.  
We used “Baconvergence()” with 10 core runs to test the MCMC mixing of the core. This provides an indication of model stability and validity of the setting applied. This test uses the ‘Gelman and Rubin Reduction Factor’ and threshold values above 1.05 indicate poor mixing. The SLAPP-SRLS17 age model using only the most selective ages slightly exceeds the threshold (1.06) but multiple model runs are reproducible, and the model output is consistent with ages and stratigraphy. The SLAPP-SRLS17 tie point model is below the threshold (1.03) and is mixed. Given some minor trends in the MCMC iterations we experimented with the Bacon tool (scissors) for removing some of these undesirable iterations. The resulting age model showed only negligible differences (several decades). Thus, we chose to accept both models without modification. 
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Figure S1. Comparison of U-Th ages from prior work (Bischoff et al., 1985; Lin et al., 1998; Peng et al., 1978) and SLAPP-SRLS17 (this work). All ages are shown with 2σ uncertainties and were calculated using the same parameters. Samples were plotted based on their published depths and thus are not necessarily directly equivalent with each other. The approximate correlation relies on the uniform depth and thickness of the units within the basin. Unit boundary depths are based on the SLAPP-SRLS17 record. a) Recalculated U-Th ages from prior work plotted by reported stratigraphic depth from surface (Bischoff et al., 1985; Lin et al., 1998; Peng et al., 1978). b) U-Th ages from prior work along with retained (n = 37) SLAPP ages. c) Similar to b but showing prior work and retained SLAPP-SRLS17 ages over the last 50 ka.
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Figure S2. Searles Lake stratigraphy and mineralogy. (a) Lithostratigraphy. (b) XRD mineralogy. Mineralogy and depths of (c) rejected samples and (d) accepted samples. 
[image: Calendar

Description automatically generated]

Figure S3. Primary authigenic mud and syndepositional replacement. (a) Unaltered aragonite (white), calcite (brown), and dolomite (yellow). Replacement of calcite/aragonite with gaylussite (black) [39.97-40.27 mbs]. (b) Two populations of gaylussite. Smaller, syndepositional gaylussite crystals growing along and cross-cutting laminae (red arrow). Larger, diagenetic gaylussite crystals cross-cutting laminated packages and probably incorporating smaller syndepositional crystals (white arrows) [63.48-63.78 mbs]. 
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Figure S4. Primary cumulates. (a) Bedded cumulate trona, disrupted during coring [21.38-21.73 mbs]. (b) Cumulate crystals of nahcolite [71.07 mbs]. (c) Cumulates and rafts of halite [16.79 mbs]. (d, e) Cumulates of trona [25.27 mbs and 21.44 mbs].
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Figure S5. Cumulate alteration. (a) Alternating laminae of unaltered trona cumulates (white arrows) and vuggy, recrystallized burkeite (red arrows) (after natron + mirabilite), disrupted during coring [34.42-34.76 mbs].  (b) Recrystallized trona forming interpenetrating splays [36.25 mbs]. (c) Seasonal cumulates of natron partially recrystallized as intrasediment bladed trona  [37.73 mbs /SVM core]. (d) Bottom-growth halite (clear crystals) with interstitial burkeite cement (brown) formed from cumulates of natron and mirabilite [32.11 mbs]. The formation of burkeite results in the partial dissolution of bottom-growth halite and rounding of crystals (black arrow). 
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Figure S6. Primary bottom-growth. (a) Bedded, bottom-growth halite [16.62-16.92 mbs]. (b) Bottom-growth halite (white arow) and thenardite (red arrow) [16.67 mbs]. (c) Bottom-growth halite (clear) with interstitial trona (dark brown) [26.82 mbs]. (d) c in cross-polarized light.
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Figure S7. Diagenetic replacement. Sediment in a-c disrupted during coring. Primary sequence of trona cumulates (green arrow) followed by bottom growth halite (yellow). Hanksite cement (red arrow) forms where dense brines are perched on impermeable halite [20.51-21.06 mbs]. (b) Replacive/displacive growth of hanksite in mud below contact of salt/mud boundary [27.69-27.94 mbs]. (c) Displacive borax crystals (purple arrow) forming below the contact of mud with trona (green arrow) and burkeite (blue arrow), similar to hanksite formation in (b) [29.69-29.99 mbs]. (d) Thin section photomicrograph, cross polarized light showing hanksite (red arrow) cementing bladed thenardite (black arrow) and cumulate trona (green arrow) [27.65 mbs]. (e) Hanksite (red arrow) filling void in primary halite (yellow) and trona (green) [26.49 mbs] Thin section photomicrograph, cross polarized light. (f) Uncompacted trona (green arrow) cumulates cemented by birefringent hanksite (red arrow) [11.51 mbs]. Thin section photomicrograph, cross polarized light. (g) Birefringent hanksite (red arrow) cementing cumulates of halite (yellow), borax (purple), and aphthitalite (black). Thin section photomicrograph, cross polarized light [16.26 mbs]. 
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Figure S8. Comparison between low-pass filtered SLAPP-SRLS17 δD C31 alkane (Peaple et al., 2022) and Leviathan δ18O (Lachniet, 2016) records. a) The top model uses only the SLAPP-SLRS17 U-Th selected ages, and b) the bottom model incorporates the tie point. The tie point locations are indicated. Note that the tie points in b are not at precisely the same age because the Bayesian age model for SLAPP-SRLS17 does not force the age model to go directly through the tie point. 
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[bookmark: _ahuid1jzzrs5]Figure S9.  Final selected U-Th ages and age models with (black) and without (grey) the tie point. The heavy weighted line is the model mean and the finer lines are the 95% confidence intervals (Bacon default output). The models are nearly identical except between ~50 - 60 m where the tie point influences the model. In that depth range, the maximum difference between the two models is ~7 ka.
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