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ABSTRACT 

Hot and cold spring travertine deposits record integrated histories reflecting changing hy drologic conditions, informing our understanding 
of the driving forces behind factors impacting local hydrology. We present results from a geologic and geochemical investigat ion of 

Cottonwood Travertine, located in Dixie Valley, NV, where it is unclear if the paleospring system that deposited the travertine was driven 

by deeply sourced hydrothermal fluids, or high fluid flow driven by wetter paleoclimate conditions. The temperature of the spring water 

that precipitated the Cottonwood Travertine has implicat ions for the relative importance of hydrothermal versus climatic processes 

influencing the formation and cessation of this enigmatic deposit. 

We identified four groups of samples based on geologic setting, sample textures, and stable and clumped isotopic analysis: 1) calcite-

cemented upper gravels, 2) a mound area at the upper bench of the deposit, 3) samples from the flanks and from vuggy veins and fault 

zone cements from the base of the deposit, and 4) fibrous sub-travertine veins. The calcite-cemented gravels yielded δ18OC values as low 

as -18.4‰ (VPDB) and apparent TΔ47 of 52°C. The top mound of the deposit returned calcite δ18OC values between -12.8‰ and -11.7‰ 

(VPDB) and clumped isotope temperatures (T47) of 24 – 32°C. Higher 13C and 18Oc values at the mound site are interpreted to reflect  

off gassing of CO2 and disequilibrium conditions. δ18OC and T47 values from the slopes and base of the deposit are between -15.9‰ and 

-14.5‰ (VPDB) and around 20°C, respectively. Structurally, texturally, and isotopically (δ18OC = -29.4‰ (VPDB); TΔ47 = 93°C), the 

fibrous sub-travertine veins are more consistent with the local Jurassic host rock and probably do not reflect recent hot spring conditions. 

Our analysis suggests that, despite the impressive volume, Cottonwood Travertine formed from springs that were not particularly hot, and 
the deposit instead reflects vigorous warm spring activity in a wetter climactic regime rather than fluid flow from an extinct higher 

temperature hydrothermal system. 

1. INTRODUCTION 

Hot and cold spring travertine deposits record integrated histories reflecting changing hydrologic conditions, from evolving climate to 

postseismic changes in fluid flow. Describing the evolution of these features thus informs our understanding of the driving forces behind  
factors impacting local hydrology. Dixie Valley in north central Nevada contains a rich record of significant hydrologic changes following 

climate fluctuations and numerous active and fossil hydrothermal deposits (Figure 1), thus providing a fantastic venue to compare the 

impact of climate on hydrothermal discharge. Quaternary climate fluctuations impacting local paleohydrology manifest as approximately 

coeval changes in shoreline elevations across the western Great Basin, including Lake Dixie (Thompson and Burke, 1973; Caskey  and 

Ramelli, 2004) and Lake Lahontan (e.g. Benson, 1993; Adams et al., 2008). Lake depths and shoreline elevations respond to subtle 
changes in precipitation and evaporation and have been shown to be responding to major climate fluctuations observed in Greenland ice 

core records (Lin, 1998). The youngest intervals of lake level fluctuations are well documented, but there is also evidence for older events, 

including highstands around 50–95 ka, 100–200 ka, 170–250 ka, and ca. 700 ka (Kurth et al., 2010). Hydrothermal features include 

producing geothermal fields (Rye Patch, Jersey Valley, Dixie Valley, Fallon-Stillwater), hot springs, and fumaroles. The Dixie Valley  

geothermal field in particular is one of the largest and hottest non-magmatic geothermal system in the Basin and Range, generating ~62 
MW from 248 °C hydrothermal fluids extracted from basin-bounding faults and associated fractures at 2-3 km depth (Blackwell et al., 

2007). Several active hot springs in Dixie and Buena Vista valleys are associated with substantial travertine mounds that extend laterally 

over hundreds of meters and rise several meters above the local topography.  

One particularly sizable, inactive travertine deposit blankets a large portion of canyon wall at Cottonwood Creek in the Stillwater Range 

adjacent to the hydrothermal field, and provides an interesting opportunity to investigate the source of the massive paleospring system. 
Located several kilometers inboard of the range front faults, the Cottonwood Canyon Travertine, or ‘Dead Travertine’ after Goff et al. 

(2002) and Lutz, et al., (2002), is a large, enigmatic Mid to Late Pleistocene deposit preserving some of the oldest travertine formations 

in Dixie Valley (Figure 1). The deposit extends several hundred meters above the canyon floor and drapes the northern wall of the canyon 

for several hundred meters along the base. Previous work has helped constrain the age, but the origin of this paleospring system is unclear: 

was there an active fault system providing deeply sourced hot fluids, or was fluid flow driven by wetter climatic conditions? 

Here, we investigate the origin of these deposits using observations of the stratigraphic setting, travertine textures, conventional C and O 

isotope analyses, and carbonate clumped isotope (TΔ47) thermometry. We show that the composition of the source fluids responsible for 

the deposition of Cottonwood Travertine was likely similar to values observed locally in streams and seeps, and that the temperatures 

were not particularly hot. Based on the paleothermometry and previously reported age of the deposit, we favor an interpretation that 

suggests the main driving mechanism for the formation of the Cottonwood travertine was climatic, rather than hydrothermal or tectonic. 
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Figure 1. Cottonwood Canyon Travertine is located within the Stillwater Range, central Nevada. Detailed site topography is sh own 

in Figure 2. Stable isotope values of calcite veins and travertine from sites A-G are included in Figure 5A. 

2. GEOLOGY OF THE COTTONWOOD TRAVERTINE 

The Cottonwood Travertine is one of the largest and oldest travertine deposits in the region. It is a sloping fan deposit covering 0.1 km2 

(24 acres) of a steep canyon wall 1.5-2 km west of the range front fault. The deposit originates as calcite-cemented gravels and terraces 

>130 m above the canyon floor and is 420 m wide along the base (Figure 2). Sloping mounds and steep fabric occur around 1430 m, with 
subtle mounds and onlapping travertine cropping out in several portions down the face of the apron (Figure 3A, 3B). The thickest preserved 

portion in the middle of the deposit is approximately 13 m thick (Figure 3B), but much of the canyon walls are only blanketed by a few 

meters or less of layered travertine. The deposit is deeply incised at the toe and by tributary canyons, revealing altered Jurassic basalt and 

carbonate-cemented quartz arenite of the Boyer Formation (Speed and Jones, 1969; Speed, 1976). The host rock is heavily fractured and 

hosts veins with different orientations, geometry, and textures. Goff et al. (2002) reported U-series and protactinium-231 ages of 182 ±4 
ka and 161 ±15 ka, respectively, for calcite veins within the underlying Jurassic rock, and Dixon et al. (2003) reported a younger U/Th 

isochron age of 97 ka for layered travertine within the deposit. The specific locations and stratigraphic context of these samples is unclear. 

Some portions of the deposit show evidence for dissolution and reprecipitation as vugs and stalactites, but no new travertine is currently 

forming, and no springs are clear candidates for the actual source of the material. Instead, low-flow, possibly ephemeral, muddy seeps 

occur at the toe of the deposit and in some portions of the deeper side canyons. The temperatures and δ 18OW values of these seeps and 

other nearby creeks and well water are described in Table 1. 

Table 1. Temperature and 18Ow values of modern water samples collected near Cottonwood Canyon travertine. 

Site Note 
Temp. 

°C 
δ18OW 

(‰ SMOW) 
Source 

Cottonwood Creek canyon mouth, August 2022 28.6 -13.4 this study 

Cottonwood Creek Lower creek, May 1998 20.2 -14.6 Goff et al. 2002; 110 

Cottonwood Creek Middle creek, November 1997 14.0 -14.6 Goff et al. 2002; 58 

Spring “northeast margin, travertine deposit” 17.4 -14.9 Goff et al. 2002; DV97-56 

Seep At base of deposit  19.2 -15.0 Goff et al. 2002; DV99-209 

Seep At base of deposit  19-22 -13.8 Goff et al. 2002; DV99-210 

Bolivia Well Low flow artesian well near travertine 28.8 -14.8 Goff et al. 2002; DV97-57 
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Figure 2. Cottonwood Canyon Travertine area with A) satellite imagery, orthorectified photomosaic, and B) shaded relief map. 
Heavily dissected travertine blankets altered Jurassic basalt and quartz arenite host rock on the northern side of 

Cottonwood Creek. Carbonate cemented gravels form ledges in alluvium above the deposit. The eastern and southeastern 

margin of the deposit include thick sequences of densely cemented gravel and travertine derived from the ridge to the 

southeast. A thick fault and vein arrays occur west of the main deposit. Samples are described in Table 2 and photographs 

from points A and B are shown in Figure 3. Basemaps from UAV-derived models described in Callahan et al. (2023) and 

available online at OpenTopography. 
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Figure 3. Outcrop images of the toe of the Cottonwood Canyon Travertine. A) View to northwest of a veneer of ~1 m of travertine 
(Qtr) on Jurassic Boyer Formation (Jb). B) View to southeast showing a several meter thick layered travertine deposit on 

Boyer Formation and altered basalt (Jvm). The southern toe of the travertine deposit, and a distant ridge of Jurassic 

gabbro (Jg) are visible beyond the thick travertine. 
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Figure 4. Sample settings at Cottonwood Travertine . Sample names included in each image and values reported in Table 2. 

Subsamples indicated by lowercase letters. A) Upper gravels. Hammer for scale. B and C) Upper mound sample area. 

White arrows point to sampled travertine locations. Yellow arrows indicate direction of assumed paleowater flow from 

slope of travertine layers. Subvertical fabric is encountered at M032322-3a. D) Sampled outcrop on the S E flank of the 

deposit with collection location of subsamples a-d. Subsample e is from veins below the layered travertine out of frame. E. 
Fault-vein on SW flank of the deposit. F) Thick, vuggy, low-angle vein below travertine at toe of deposit. Sampled area out 

of frame to the left. G and H) Altered Jurassic basalt and fibrous, subvertical veins beneath the toe of deposit. 
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3. FIELD AND GEOCHEMICAL METHODS  

3.1 Mapping and Sample Collection 

We mapped the extent of travertine and calcite-cemented alluvium, veins, and faults at the Cottonwood Canyon travertine deposit  using 

digital mapping software and newly acquired basemaps with submeter resolution (Figure 2) (Callahan et al., 2023). We sampled centimeter 

wide subvertical veins in altered Jurassic rocks below the travertine, low angle veins with banded calcite below thick travertine sheets, a 

subvertical, decimeters-wide fault vein, mid-slope deposits, mounds at the top of the deposit, and cemented gravels above the main deposit 

for stable and clumped isotope analysis (Figure 4, Table 2). 

3.2 Sample Preparation 

Powders for isotopic analysis were prepared from raw materials in two ways. Powders collected in the field were drilled from the outcrop 

with a battery operated Dremel and ~1 mm wide carbide bit. Surface material was discarded, and material from the fresh, interior portions 

of the drill holes was collected in sample vials. Powders were also prepared from slabbed hand samples in the lab. Hand samples were 

slabbed with a water saw with single use distilled water. Bands of travertine were then drilled with a Dremel and carbide bit. 

3.3 Stable Isotope Analytical Methods 

Carbonate δ13C and δ18OC measurements were conducted at the University of Washington IsoLab using a Kiel III Carbonate Device 

coupled to a Finnigan Delta Plus isotope ratio mass spectrometer with dual-inlet following the methods of Tobin et al. (2011). Measured 

values were normalized to the VPDB scale using a suite of internal reference materials that have been calibrated to international standards 

NBS19, NBS18, L-SVEC, and IAEA-603. 

3.4 Clumped Isotope Analytical Methods 

Carbonate clumped isotope (47) measurements, with concurrent δ13C and δ18OC measurements, were conducted at the University of 

Washington IsoLab on selected samples using a custom automated sample preparation line and Thermo MAT 253 mass spectrometer 

following the methods of Burgener et al. (2016) and Schauer et al. (2016). Briefly, carbonate samples (6-8 mg) were digested in a common 
bath of phosphoric acid and the evolved CO2 was cryogenically separated from water, isolated cryogenically, and transferred into a Pyrex 

break seal. Break seals containing CO2 purified on the vacuum line are loaded into an automated 10-port tube cracker inlet system on the 

mass spectrometer. Δ47 values are calculated using established methods (Schauer et al., 2016) and are corrected to the carbon dioxide 

equilibrium scale (CDES) of Dennis et al. (2011) using CO2 equilibrated with a suite of waters. Internal carbonate standards and ETH 1-

4 were analyzed to track precision and accuracy in Δ47, and to place δ13C and δ18OW values on the VPDB scale. The temperature of 

formation is calculated from Δ47 after Anderson et al. (2021). The 18Ow values of paleospring water on the SMOW scale were derived 

from measured δ18OC and derived T47 assuming equilibrium calcite precipitation using the equation of Kim and O'Neil (1997). For 

samples without clumped isotope T47 measurements, estimated fluid δ18OW values of formation water were calculated from the range 

of T47 values in nearby samples.  

4. RESULTS 

4.1 Mapping and Sample Collection 

We identified several distinct textures, from platy, cement-supported colluvium in the upper reaches of the mapped extent, mounds and 

vertical fabrics resembling dissected orifices on the upper bench, thick, layered deposits down the flanks of the canyon walls, and faults 

and veins cutting the underlying Jurassic bedrock. The extent of travertine and sample locations are shown in Figure 2. 

4.2 Stable Isotopes of Carbonate 

Stable isotope analysis of 17 carbonate samples from Cottonwood Travertine revealed four groups with distinct properties : 1) calcite-

cemented upper gravels, 2) top mound, 3) slope flanks, veins, and fault zone at the base, and 4) fibrous sub-travertine veins (Table 2). 

Samples from cements in the upper gravels had moderate δ13C values (0.04 to 1.3‰ VPDB), and low δ18OC values (-18.4 to -16.5‰ 
VPDB). Samples from the mound on top of the main deposit had the highest δ13C and δ18OC values (3.45 to 3.82‰ and -12.8 to -11.7‰ 

VPDB, respectively). Samples from the top mound, down the flank of the deposit, and from a lined fracture and cemented fault at the base 

of the deposit started with higher δ13C values that generally decreased with elevation down the deposits. δ18OC values on the flank and 

base were between -15.9‰ and -14.5‰ VPDB and δ13C values ranged -0.2 to 2.4 ‰ VPDB. The fibrous vein in altered Jurassic basalt 

associated with the Humboldt Igneous Group had the lowest δ13C (-3.67 ±0.10‰ VPDB) and δ18OC (-29.42 ±0.11‰ VPDB) values of 

the samples. 

4.3 Paleothermometry from Clumped Isotope of Carbonate 

Clumped isotope thermometry of selected representative samples (n= 6) from the four groups also revealed differences depending on 

sample depositional setting (Table 2). The 47 value of 0.446 ±0.028‰ in the fibrous vein was the lowest of the analyzed material and 

corresponds to a calculated formation temperature of 93(+19/-16)°C. 47 values from the top mound are 0.524 ±0.020 and 0.573 ±0.020‰, 

corresponding to temperatures of 24-32°C. 47 values from the lined fracture and cemented fault zone at the base of the deposit are 0.613 

±0.020 and 0.615 ±0.020‰, with calculated temperatures of 18 (+6/-6) and 19 (+7/-6)°C. The calcite-cemented gravels yielded δ18OC values 

as low as -18.39 ±0.12‰ (VPDB) and a 47 value of 0.524 ±0.020‰, corresponding to a temperature of 52 (+9/-8)°C. 
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4.4 Calculated δ18OW values of source water 

Using measured values for δ18OC of the travertine, the range of calculated depositional temperatures from clumped isotopes, and 

equilibrium equations from Kim and O’Neil (1997), we inferred the δ18OW of the source fluids (Table 2). Carbonate cement in the upper 

gravels could form from source water with an δ18OW of around -11.1 ±1.5‰ SMOW, exceeding the average 18Ow value of modern waters 

by several permil (Table 1). Samples from the upper mound indicate a source fluid with an δ18OW between -9.0 and -9.6‰ SMOW, even 

more distinct from modern waters. δ18OC values in fractures and faults at the base of the deposit could originate from source waters with 
an δ18OW between -13.4 and -13.5‰ SMOW, nearly identical to modern waters. Conversely, assuming equilibrium with waters with 

similar isotopic composition as modern samples (18Ow ~14.4‰ SMOW, Table 1), the formation temperature based on 18Oc values for 

samples from the flank and base of the deposit without clumped isotope thermometry (Table 2) is between 14-24 °C. The higher 

temperature and lower δ18OC of the fibrous calcite cement below the deposit require equilibrium conditions with waters at -16.1 (+2.4
/-2.3)‰ 

SMOW which is lower than modern waters by several permil. 

Table 2: Stable and Clumped Isotope Analysis of Cottonwood Canyon Travertine. 

* Subsample letter indicates samples from the same location, except for OC-061621-3* which were drilled from bands within the same sample. † Mean 


13

C and 
18

O from n replicates. Error is standard deviation, except for single replicates which show reported error. ‡ Showing standard error from laboratory 

standards for n replicates, which exceeds the standard deviation calculated from our replicates. § After Anderson et al., 2021. Range in temperatures is 

calculated from 47 standard error. ** After Kim and O’Neil (1997). Range of isotopic values from range of T 47. Refer to Figure 4 for sample locations. 

 

Sample Name* Group Material 
Elev. 
(m) 

Mean 
13

C 

(‰ VPDB)† 

Mean 
18

OC 

(‰ VPDB)† 
n  47 ‰‡ n 

Temp. 
°C § 

Calc. 
18

Ow 

(SMO W)** 

M032322-4a 
upper 

gravels 

cement in 

upper 
gravels 

1464 
1.33 ±0.04 -18.39 ±0.12 3 0.524 ±0.020 2 52 (

+9
/-8) -11.1 ±1.5 

M032322-4b 0.04 ±0.04 -16.52 ±0.05 4     

M032322-3a top 

mound 

top 

mound 
1432 

3.82 ±0.14 -11.65 ±0.35 4 0.524 ±0.020 2 24 (
+7

/-6) -9.6 (
+1.4

/-1.3) 

M032322-3b 3.45 ±0.06 -12.76 ±0.28 4 0.573 ±0.020 2 32 (
+8

/-7) -9.0 ±1.4 

M032322-6a 

flank and 
base 

flank 

1364 

2.17 ±0.05 -15.16 ±0.10 3     

M032322-6b 1.85 ±0.05 -15.94 ±0.20 3     

M032322-6c 2.43 ±0.10 -14.85 ±0.15 3     

M032322-6d 1.77 ±0.06 -15.80 ±0.12 3     

M032322-6e 
flank- 
vein 

1.14 ±0.00 -14.52 ±0.06 2     

OC-061621-2a 
lined 

fracture 
1328 0.27 ±0.01 -14.45 ±0.05 2 0.613 ±0.020 2 19 (

+7
/-6) -13.4 ±1.3 

OC-061621-3a 

fault zone 1327 

0.99 ±0.01 -14.47 ±0.01 2 0.615 ±0.020 2 18 (
+6

/-6) -13.5 ±1.3 

OC-061621-3b -0.13 ±0.02 -15.31 ±0.04 1     

OC-061621-3c -0.21 ±0.04 -15.61 ±0.05 1     

OC-061621-3d 1.49 ±0.01 -14.82 ±0.03 1     

OC-061621-3e 0.33 ±0.03 -14.73 ±0.04 1     

OC-061621-3f 0.31 ±0.02 -14.77 ±0.04 1     

OC-061621-1a 
sub-

travertine 
fibrous 

vein 
1326 -3.67 ±0.10 -29.42 ±0.11 2 0.446 ±0.028 1 93 (

+19
/-16) -16.1 (

+2.4
/-2.3) 
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Figure 5. Results of stable (A) and clumped (B) isotope analysis. A. Stable isotope data from Cottonwood Travertine with 

representative examples from other Dixie Valley springs and fumaroles labeled 1-7: 1) Senator Fumaroles 2) Dixie 

Comstock epithermal deposit, 3) Sou Hot Springs, 4) Hyder Hot Springs, 5) McCoy Hot Springs, 6) Stillwater Range Front 

veins and travertine, and 7) Fault Line Springs. B. Temperature and 18OC from samples with clumped isotope values and 

18OC values calculated for calcite in equilibrium with modern waters at 8) Bolivia Well, 9) Cottonwood Creek (this study), 

and 10) Cottonwood Creek and seeps from Goff et al. (2002) (Table 1). Grey lines indicate equilibrium composition for 

calcite deposited by waters with labeled 18OW SMOW values at specified temperatures from Kim and O’Neil (1997). 

5. DISCUSSION 

Based on our field observations, stable isotope analysis, and clumped isotope thermometry, we suggest that the spring(s) that  formed the 

Cottonwood Travertine were isotopically similar to modern local meteoric water (Table 1) and likely warm, but not near boiling as seen 

in other hot springs and fumaroles throughout Dixie Valley. All samples except for the fibrous vein are from shallow, Quaternary deposits 

based on their stratigraphic setting and textures. Most samples from the lower portion of the deposit could have formed in equilibrium 

with water that isotopically resembled local water at near-ambient temperatures (Tables 1 and 2, Figure 5B). And all samples except for 

the fibrous vein have higher 18Oc values than travertine from other local hot springs (Figure 5A). Unpublished data from Sou Hot Springs 

(<60°C), Hyder Hot Springs (<80°C), and McCoy Hot Springs (<50°C) contain 18Oc values below -20‰ VPDB. Instead, most samples 

from Cottonwood Travertine have 18Oc values closest to travertine from Fault Line Springs, where modern discharge temperature is 

<30°C. 

Samples from the flanks of the deposit, vuggy, travertine lined veins near the toe of the deposit, and a decimeters-wide fault vein near the 

base all have a range of δ13C values that broadly decrease with elevation, suggesting further distance from the spring source, and δ18OC 

values between -14.5 and -15.9‰ VPDB. Clumped isotope analysis on samples from two different locations on the flanks both suggest  

relatively low temperatures, ~20°C, and isotopic equilibrium with water that resembles modern waters (Tables 1, 2, Figure 5B). 

Samples from the mound at the top of the deposit behave somewhat differently compared to the flanks and lead us to believe this area was 

likely the spring source (Figure 4B, 4C). These samples have unusually high δ18OC and 13C values compared to the rest of samples, and 

temperatures from clumped isotope analysis of ~24-32°C that are elevated from temperatures from the flank (Table 2, Figure 5A, 5B). 

The calculated δ18OW composition of the source water that would be in equilibrium with these values (>-10 ‰ SMOW), is much higher 

than most regional waters: local waters all have δ18OW values less than -13.4 ‰ SMOW (Table 1), and regional sources like Hyder Hot 

Springs and Sou Hot springs have values <-14 ‰ SMOW (Ingraham, 1982). 

Instead of calling on an unusual source fluid composition, we infer kinetic effects caused by rapid degassing of CO2 have resulted in 

disequilibrium conditions at the mound sites (Figure 4B, 4C). Based on the analysis of the residuals between observed and exp ected 18Oc 

and Δ47 described by Saenger et al. (2012) and Guo (2020), we suggest that off gassing of CO2, consistent with rapid fluid ascent near the 

source, could explain the shift away from the isotopic composition of modern fluids and toward higher inferred 18Ow values (grey lines  

in Figure 5B). Off gassing is also consistent with the high 13C values at the mound site compared to the other samples (Gonfiantini et al., 

1968). A similar but smaller effect is calculated for the calcite-cemented gravels above the main deposit (Figure 4A). These cements have 

lower δ18OC values and a calculated depositional temperature around 52°C (Figure 5A, 5B, Table 2). However, when compared to an 

expected source fluid closer to modern values (Table 1), they likewise plot in the field consistent with the degassing of CO2. In both cases, 
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off gassing could result in an overestimation of the actual deposition temperature by 10-20°C. The interpretation of a cooler spring system 

is also consistent with higher δ18OC values compared to conditions at other known hot springs (Figure 5A). 

The most extreme results that we encountered were obtained from veins cutting altered Jurassic basalt beneath the toe of the deposit. 

These veins appear distinct from the travertine deposit both texturally and geometrically (Figure 4G, 4H). They are also isotopically 

distinct from the travertine deposit: they have the lowest δ18OC and δ13C values, differing from the average values of the rest of the samples 

by >10‰ and >3‰, respectively (Figure 5A). Compared to regional isotopic values for other travertine and carbonate veins shown (Figure 
5A), this sample plots closer to samples from fumarole-related deposits at Senator Fumaroles (~100°C), or epithermal veins at Dixie 

Comstock (~150-200°C), both of which are also hosted in Jurassic clastic and mafic units (Vikre, 1993; Goff et al., 2002; Callahan, 2018, 

and unpublished data). The very low δ18Oc values are consistent with the highest calculated T47; near boiling at surface conditions (Figure 

5B). Based on the isotopic and textural observations, we infer that many of these veins are unrelated to the hydrologic system that sourced 

the younger travertine deposits. 

If the mounds are indeed the source area for Cottonwood Travertine, and the travertine composition represents the source fluid condition, 

and considering the Mid to Late Pleistocene age of veins and travertine deposits described by Goff et al. (2002) and Dixon et  al. (2003), 

we suggest that wetter conditions during Marine Isotope Stage 6 are potentially responsible for formation of much of the travertine deposit 

in Cottonwood Canyon. MIS 6 is a period associated with the formation of large lakes throughout the western US (Smith, 1991; 

Lowenstein et al., 1999), and is also correlated with the formation of large travert ine deposits in the Grand Canyon between 155-190 ka 
(Szabo, 1990), which brackets the U-series ages of 182 ±4 ka and 161 ±15 ka presented by Goff et al. (2002). The preliminary age of 97 

ka from Cottonwood Travertine presented by Dixon et al. (2003) is likewise similar in age to other travertine deposits in the Grand Canyon 

described by Szabo (1990). Unfortunately, without knowing the stratigraphic, structural, and diagenetic context of any of the previously 

reported ages of the Cottonwood deposit it is difficult to place the system into a specific paleoclimate context. However, we do think that 

a wetter climate likely played an essential role in the formation of this warm-spring deposit, and are less in favor of a young, near boiling 
system as may be inferred by our highest calculated temperature. These interpretations assume the mounds at the top of the deposit (Figure 

4A, 4B, 4C) are the original spring source. However, it is possible we did not collect samples representing elevated temperat ures indicating 

a depositional hot spring because the true spring source remains undiscovered, and we invite further field investigations. 

6. CONCLUSION 

We presented results of geologic and stable isotope (13C, δ18OC, 47) analyses of an unusually large, Mid to Late Pleistocene, 

intramountain travertine deposit in Cottonwood Canyon, Stillwater Range, Nevada. The inferred δ18Ow composition of source water in 

equilibrium with the deposit is similar to isotopic values of cold springs, seeps, creeks, and warm wells observed locally today. Clumped 
isotope temperatures for all samples range from ~18 to 93 °C; however, the hottest temperature is isotopically and texturally  distinct from 

the rest of the samples, and we suggest may be unrelated to the hydrologic system that generated the deposit. The remaining temperature 

calculations suggest the source fluids were not particularly hot and, based on the paleothermometry and previously reported age of the 

deposits, we favor an interpretation that suggests a CO2-rich warm-spring outflow from relict mounds observed on the upper bench. We 

suggest that the main driver of deposition at this site was a wetter climate condition in the mid to Late Pleistocene and not  a distinct period 

of hydrothermal or tectonic activity. 
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