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Abstract 

The Marinoan Snowball Earth ended 635 Ma ago during the Neoproterozoic Era, after an 

interval in which the Earth was completely covered by glaciers. Thawing of these glaciers 

formed cap carbonates across shallow marine depositional environments. The Noonday 

Formation is a cap carbonate that formed after the deglaciation of the Neoproterozoic 

snowball Earth and is found in outcrops in the Death Valley region in Southeastern 

California. The Noonday Formation is separated into a basin and platform environment, 

which present a challenge of correlating units between sections due to variability in 

lithologies. Stable carbon isotope correlation, as well as sequence stratigraphy, is able to help 

determine where the Saddle Peak Hills carbonate fits into the Winter’s Pass stratigraphic 

record. The data indicate that the Saddle Peak Hill’s carbonate unit correlates to a time of 

sandstone deposition on the platform, suggesting the platform was in a beach environment 

when the basin was in a shallow marine environment. 

 

Introduction 

The Neoproterozoic Snowball Earth that ended 635 Ma was a global event where the 

Earth was completely covered in ice sheets (Hoffman et al, 1998).  Within the Neoproterozoic, 

the appearance of glacial tillite overlain by carbonate (henceforth ‘cap carbonate’) points to 

multiple episodes of low-latitude snowball Earth glaciation (Hoffman et al, 1998). During the 

Neoproterozoic, CO2 gas was scrubbed out of the atmosphere, due to weathering of the Rodina 

supercontinent located along the equator (Hoffman and Schrag, 2000). This warm, equatorial 

location allowed for accelerated weathering which rapidly drew down atmospheric CO2 

(Hoffman and Schrag, 2000). This drawdown of CO2 caused a cooling effect, allowing for the 

formation of ice in the polar regions (Hoffman et al, 1998). As a result, the formation of ice 

increased Earth’s reflectivity, or albedo, resulting in a larger amount of sunlight reflection, 

decreasing the overall temperature of the Earth (Hoffman et al, 1998).  This caused a runway 

cooling, known as the ice-albedo feedback, that resulted in an Earth completely covered in 

glaciers (Hoffman et al, 1998). Earth remained encased in ice until volcanic activity released 

greenhouse gases into the atmosphere, causing a warming of the planet (Hoffman Schrag, 

2000). In addition to this warming, evaporation of ocean water released additional 

greenhouse gases, in the form of water vapor, causing a runaway greenhouse effect (Hoffman 

Schrag, 2000). This resulted in post-glacial surface temperatures above 50o Celsius (Hoffman 

Schrag, 2000). 

Stable carbon isotope chemostratigraphic (δ13C) values serve as markers for 

identifying the older (Sturtian) and younger (Marinoan) Neoproterozoic cap carbonates 

(Hoffman, 1998). Marinoan cap carbonates show characteristic δ13C profiles with values that 

decrease through the glaciation to -5 per mil, due to complete cessation of organic carbon 

burial and return to mantle isotoptic values. At the top of the Marinoan cap carbonate, 

isotopic values recover to between -3 and 0 per mil (Hoffman et al, 1998).  

Although δ13C values, as well as lithological correlations, provide a marker for the 

existence of snowball Earth, deglaciation appears to result in a complex set of mechanics 

which are evident in snowball Earth outcrops in Southeastern California (Creveling et al., 



 

2016). Lithologic and sedimentological variation across the Noonday Formation indicates 

deposition across a reef-rimmed mixed carbonate–siliciclastic platform (Read, 1985; Williams 

et al., 1974; Petterson et al., 2011; Creveling et al., 2016). In sections that represent so-called 

‘platformal’ depositional environments, the Noonday Formation, encompasses two carbonate 

units separated by a discontinuity (Williams et al., 1974; Petterson et al., 2011; Creveling et 

al., 2016). Within so-called ‘basinal’ depositional environments, the Noonday Formation 

describes coarse-grained and heterogeneous mixed carbonate–siliciclastic lithologies 

previously referred to as the Ibex Formation (Williams et al., 1974; Wright and Troxel, 1985; 

Petterson et al., 2011). Reclassifications of these sections, have allowed for a sense of 

continuity between environments (Petterson et al, 2011), however differences in lithofacies 

as well as diachronous cap carbonate units provide a challenge for correlating these two 

sections (Hoffman et al, 2007). 

Previous work has shown potential correlations between units amongst the platform 

and basin (Hoffman et al, 1998; Petterson et al, 2011). Hoffman et al. (2007) noted unique 

sedimentary structures in the Marinoan cap carbonate, notably giant wave ripples and 

tubestone stromatolite, as well as a -4.4 per mill fall in δ13C values. Although Hoffman worked 

in Namibia, he attempted to match the cap carbonate platformal and basinal units to each 

other strictly by the lithofacies present within each section (Hoffman et al, 1998). Petterson 

et al. (2011) applied stable carbon isotope chemostratigraphy to the Noonday Formation, 

Death Valley region, to correlate lithofacies to δ13C values in an attempt to better show how 

units related across sections. However, these correlations appear inconsistent with sequence 

stratigraphic correlations (Creveling et al., 2016).  

The goal of this project is to better understand how units from the basinal and 

platform environments relate to one another. Using stable carbon isotope fractionation as 

well as lithofacies present in the Mesquite Mountains and Saddle Peak Hills in the Death 

Valley region, we present a preferred hypothesis for how units of the Noonday Formation 

correlate across the platform and basinal environments. 

 

 



Geological Background 

The Neoproterozoic snowball Earth is 

identified as an Ediacaran cap carbonate that overlies 

snowball Earth glacial diamictites of the Kingston 

Peak Formation (Figure 1). This cap carbonate unit is 

separated into three distinct members: the Sentinel 

Peak, Radcliff and Mahogany Flats members 

(Petterson et al, 2011).  

In platform localities, the Sentinel Peak 

Member appears as a thick dolostone, with 

stromatolitic ‘tubestone’ (Petterson et al, 2011). In 

basinal environments, the Sentinel Peak Member 

encompasses thick beds of clast and matrix supported 

sedimentary breccia (Petterson et al, 2011). The 

Sentinel Peak Member encompasses the conglomerate 

member of the Ibex Formation unit, as well as the 

lower Noonday Formation defined by Williams 

(Williams et al, 1974).  

 The Radcliff Member is further subdivided 

into an informal ‘lower’, ‘middle’ and ‘upper’ units 

(Petterson et al, 2011). The generally thin bedded 

arkose and feldspathic wacke dominated lower 

Radcliff Member contains medium to coarse grained sandstone throughout the unit 

(Petterson et al, 2011). This lower section correlates to the basinal arkose member defined 

previously (Williams et al, 1974) and is apparently gradationally overlies the Sentinel Peak 

Member (Petterson et al, 2011 but see Creveling et al., 2016 for an alternative 

interpretation). Thinly bedded limestone and shale layers represent the middle Radcliff 

Member, with sedimentary breccia clast throughout (Petterson et al, 2011), corresponding to 

the basinal clastic carbonate layer defined previously by Williams et al. (1974). Feldspathic 

sandstone mostly makes up the upper Radcliff Member but this member can have 

interbedded dolomite (Petterson et al, 2011). 

The thin to thick bedded Mahogany Flats Member is mostly a laminated and cross-

stratified fine grained dolostone (Petterson et al, 2011). The upper boundary with the Johnnie 

Formation is a fine to medium grained trough cross-stratified sandstone between 

stromatolite mounds (Petterson et al, 2011). The Radcliff and Mahogany Flats encompass the 

previously defined ‘upper’ Noonday Formation (Williams et al, 1974; Petterson et al, 2011).  

 

 

 

 

Figure 1: Neoproterozoic Stratigraphy, showing the 

Noonday Formation Cap Carbonate separated into its 

three distinct members (Petterson et al, 2011) 



 

Methods 

Stratigraphic columns were constructed with the aid of a Jacob staff. Each increment 

was examined for changes in lithologies. Carbonate rock lithologies follow the Duhnam 

classification scheme. Sedimentary structures 

as well as grain descriptions were also used to 

differentiate individual beds and laminations.  

Areas with karst formations and faults were 

navigated past by lateral movement. From 

these sections, carbonate samples were 

collected from the Winter’s Pass region in the 

Mesquite Mountain as well as the Saddle Peak 

Hills (Figure 2). Sample collection was done in 

half meter increments through stratigraphic 

intervals of carbonate rock. Sample size varied 

from 500 g to 1 kg. 

Rock preparation started using a 

diamond tipped rock saw, which was used to cut 

carbonate samples perpendicular to visible 

lamination. This allowed for the exposure of 

individual carbonate laminae. We used a 

Proxxon drill press with a 3/16-inch carbide bit 

to drill into individual carbonate layers to 

produce fine carbonate powder for subsequent 

isotopic analysis. To excavate enough powder, we drilled about six holes along a single (or 

multiple closely spaced) laminae. Shallow holes (approximately 1-millimeter-deep) were used 

in order to minimize drilling into adjacent laminae, or recrystallized carbonate pockets and 

vugs.  

 After drilling, we partitioned about 300µg of carbonate powder into a 12ml glass vial. 

These vials were placed into an GasBench inlet system where they were filled with helium, 

forcing any pre-existing CO2 gas out of the vial. This prevented any excess CO2 from being 

present before running through the DeltaV ISRM mass spectrometer. After removal of excess 

CO2, 100 µl phosphoric acid was added to each glass vial, where it reacted with the carbonate 

powder at 70oC for an hour to produce CO2 gas. This gas was then removed from the vial, 

where it was carried through the mass spectrometer by an inert carrier gas (helium). The 

CO2 gas was separated by mass, via a large magnet, to give us the isotopic composition of the 

carbonate rock. 

 

 

 

 

Figure 2: Location of samples collected in Death Valley Region, 

platform in blue box in the Mesquite Mountains and Basin in 

blue box in Saddle Peak Hills (adopted from Creveling et al, 

2016) 



Results 

The Winters Pass stratigraphic columns starts with 1.5 meters of thinly laminated 

very fine grained ripple cross-stratified dolograinstone, followed by another 1.5-meter 

interval of of laminated very fine grained sandstone (figure 3). The following meter is defined 

as thin beds of conglomerate within a very fine grained thinly bedded carbonate section with 

siliciclastic grains present. The overlying 11-meter section of the stratigraphic column is 

dominated by thin laminations of fine grained siliciclastic rich dolograinstone. The following 

4-meters are fine grained sandstones, showing a thickening upward, starting at thin 

laminations to thinly bedded strata. The sequential 2 meters are thin fine grain beds of 

sandstone, leading into 2 meters of thinly bedded rippled, very fine to fine grained, 

dolograinstone. The uppermost 14 meters are thickly laminated very-fine to fine grained 

large amplitude oscillatory-rippled carbonate grainstone stacked in medium beds. Another 

9-meter section of Winter’s Pass was collected from an adjacent section due to karsts in the 

stratigraphic outcrop. This section is characterized by very-fine to fine grained, large-

amplitude trough cross stratified dolograinstone beds with a 1-meter bed of very fine grained 

trough cross strata dolostone with siliciclastics about 1 meter from the base. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Stratigraphic column and associated δ13C values, as well as sequence stratigraphy interpretations , 

from the Winter’s Pass platformal section, Mesquite Mountains, Death Valley region, California. 



 

The Saddle Peak Hills stratigraphic section begins with a 2-meter conglomerate bed, 

with a maximum clast size of boulders (figure 4). Above the conglomerate bed, is a 1-meter 

interval of fine-grained siliciclastic composed of thin carbonate laminations. The next 4 

meters are defined as laminated dolograinstone to thinly bedded dolograinstone with very 

fine grains and stromatolites present. The uppermost 4 meters of the Saddle Peak Hills are 

thick-beds of very fine-grained dolostone with stromatolites throughout. 

 

 

 

 

 

 

 

 

 

 

Isotopic data were plotted against the stratigraphic section. Recrystallization is 

present throughout both the Saddle Peak Hills and Winter’s Pass, showing variability in 

isotopic values between phases such as micrite and carbonate cement. For this reason, we 

present isotopic data as a three-point running average to account for potential variability 

between the cement and micrite. Looking at the lower section of Winter’s Pass (figure 3) we 

see δ13C values around -3.25 per mil with a slight trend to lighter values at the end of this 5-

meter section. After being unable to collect data from the 11 meters of siliciclastic dominated 

section, we resumed data collection about 20 meters above the base. δ13C values for the rest 

of the section start at -3.60 per mil, then trend back and forth from heavier to lighter values. 

The adjacent portion of the Winter’s Pass shows large variability in δ13C values, ranging from 

as heavy as -1.85 per mil to and light as -2.98 per mil. The Saddle Peaks Hills data (figure 4) 

shows very slight variability around δ13C values of -3.0 per mil but most of the data falls 

within .2 per mil of -3.0 per mil. Towards the top of the stratigraphic section, we see values 

showing a slight trend towards lighter δ13C values. 

 

 

 

 

 

Figure 4: δ13C values from the Saddle Peak Hills (basin) compared to the stratigraphic record as well as 

sequence system interpretations defining the section. 



Discussion 

Changes in δ13C values reflect the composition of the seawater during the 

precipitation of carbonate rock. Maloof et al. (2005) discussed the timescales of carbon isotope 

fractionation, including mechanisms that drive high frequency (105 years) and low frequency 

(4-7 Ma) isotopic variation. Although δ13C values can change on shorter time scales of 105 

years due to influx of isotopically light methane and remineralized organic carbon, the 

timescale for the deposition of Neoproterozoic cap carbonate appears too long for these 

sources to contribute to cap carbonate isotope values (Maloof et al, 2005). Thus, the carbon 

isotopic composition of the Noonday Formation is explained by the burial of organic carbon, 

which selectively pulls lighter 12C out of the system, leaving behind seawater more enriched 

in the heavier 13C isotope (Maloof et al, 2005). This variation, results in more positive δ13C 

ratios when 12C is removed by organic burial and more negative δ13C ratios when organic 

burial of 12C is less abundant. 

Based on the isotopic composition of the Noonday Formation presented in the Results 

section, we next discuss how the Saddle Peak Hills fit into the Winter’s Pass’s stratigraphic 

section. 

The Saddle Peak Hills δ13C values fall around -3.0 per mil with very slight variability 

(+/- .2 per mil) across the measured section (Figure 4).  Nowhere in the Winter’s Pass section 

do these δ13C values correlate directly (see Figure 3 and Methods above). However, it does 

appear the δ13C values could fall inside the siliciclastic unit in the Winter’s Pass. If so, this 

correlation would imply that during this time of siliciclastic deposition in the platform that 

carbonate was depositing in the basin. Alternatively, δ13C values trend towards lighter δ13C 

values at the top of the Saddle Peak Hill section, which could put the Saddle Peak Hills 

section along the upper border of the siliciclastic unit, or it could fall onto of the lower border 

and account for variability in data. 

To evaluate these possible chemostratigraphic correlations, we employ sequence 

stratigraphy. Looking at the Winter’s Pass Stratigraphic record, we see a deepening from 

wave rippled dolograinstone to laminated siliciclastics mixed with dolograinstone, indicating 

a transgressive systems tract. This is capped by thin laminations of dolograinstone at 20 

meters above the base and serves as 

a marker for the maximum flooding 

surface (figure 3).  The Following 27 

meters is characterized by large 

amplitude waves ripples 

shallowing to trough cross 

stratified dolostone followed by a 

sequence boundary marked by 

subaerial karstic features. This 

would indicate a high stand 

systems tract for the upper 27 

meters.  Figure 5: Corresponding location of Saddle Peak Hills (basin) data in 

Winter’s Pass Stratigraphic Section 



 

This can be compare to the stratigraphic record of the Saddle Peak Hills (figure 4). 

The basal beds of the Saddle Peak Hills change from siliciclastic conglomerate into thin 

laminations of sandstone indicating a low stand systems tract. A transgressive system tract 

is indicated from the progression of siliciclastic laminations into dolostone beds with 

stromatolites.  

When taking into account correlations based on both sequence stratigraphy and 

chemostratigraphy, isotopic values from the Saddle Peak Hills stratigraphic section appear 

continuous with early deposition of the trough cross-stratified grainstone atop the siliciclastic 

interval of the Winter’s Pass 

stratigraphic section (figure 5). As 

the values do not match precisely, 

we must infer a missing carbonate 

unit that could account for this gap 

in δ13C values.  

Finally, to place these data into a 

regional stratigraphic context, we 

compare the eastern Death Valley 

stratigraphic sections to the Nopah 

and Panamint Ranges (Petterson 

et al., 2011; figure 6). Petterson 

et al. (2011) reported that δ13C 

values throughout the Sentinel 

Peak Member varied between -2.0 per mil and -4.0 per mil in the Southern Nopah Range 

(Petterson et al, 2011). Petterson also recorded δ13C values that started around -3.0 per mil 

and trended toward lighter δ13C values in the Radcliff Member (Petterson et al, 2011). 

Petterson’s Mahogany Flats Member showed a trend from -3 per mil to 

heavier δ13C values up the stratigraphic record (Petterson et al, 2011). 

Figure 7 shows the Winters Pass and Saddle Peak Hills δ13C values 

(collected herein) atop the data reported by Petterson et al. (2011) The 

data collected from Winter’s Pass seem to follow the same pattern in 

Petterson’s Mahogany Flats Member data, due to the same overall trend 

from δ13C values around -3 per mil trending towards heavier δ13C values 

(figure 7). Also, the base of the Winter’s Pass section seems to fall in line 

with the Radcliff Member, as we see values range from -3.4 per mil to 

lighter δ13C values. As previously stated, the Saddle Peak Hills falls along 

the carbonate-siliciclastic border in the Winter’s Pass. This means the 

Saddle Peak Hills has to lie between the upper Radcliff Member and the 

Mahogany Flats Member. However, we can see in the Radcliff Member, 

the values are become significantly lighter (values around -4 per mil 

to -6 per mil) which doesn’t correlate with the Saddle Peak Hills data. 

For this reason, as well as δ13C values closer to -3.0 per mil, the 

Saddle Peak Hills data seems to fall in line with the base of the 

Mahogany Flats. 

Figure 6: Ryan Petterson’s δ13C values throughout various locations of the 

Noonday Formation in Death Valley. (Petterson et al, 2011) 

Figure 7: δ13C values data comparison of 

Petterson’s work to  δ13C values  of Winter’s 

Pass (blue) and Saddle Peak Hills (Orange) 



Conclusion 

 Lithostratigraphic correlation between the platform and basinal environments are 

complicated by lateral changes in lithofacies. δ13C values from the Winter’s Pass and the 

Saddle Peak Hills provide the potential to clarify lithostratigraphic correlations, yet 

uncertainty remains. Sequence stratigraphy provides an additional avenue to correlate the 

Saddle Peak Hills carbonate with the Winter’s Pass siliciclastic unit. This correlation 

suggests a time of shallow marine environments in the basin and beach environments on the 

platform. Additionally, correlation with previous work suggest carbonate formation in the 

basin falls in the Mahogany Flats Member. Additional work is needed in sections that connect 

the basin to platform to potentially achieve results that provide a clearer correlation between 

platform and basinal units. 
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