
Results
Urea adduction requires tailoring to speci�c data sets and 
samples.

The change in the carbon cycle a�ected terrestrial 
enviornments before ocean enviornments.

Ocean and terrestrial signals appear to react similarly to the 
OAE2, atmosphere changed �rst. 

More of the 90 samples will be run to increase temporal 
resolution of the carbon cycle during OAE2

Further research and integration with other proxies and 
isotope data is currently being done with drawing 
connections to anthropogenic climate change

Further research into why C-27 doesn’t align with other 
terrestrial markers.
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More of the 90 samples will be run to increase temporal reso-
lution of the carbon cycle during OAE2

Further research and integration with other proxies and 
isotope data is currently being done with drawing 
connections to anthropogenic climate change

Further research into why C-27 doesn’t align with other 
terrestrial markers.

Modeling using this data to better understand ocean 
atmosphere dynamics

Future Work

Conclusions

Discussion

Table 1: Three out of the eleven trials that were run to correct urea adduction process. Trials is the trial number. Aliphatics display whether a 

standard or a sample was used. Mounting refers to the solvent choice made to suspend aliphatics. Urea:MeOH is the concentration of urea and 

MeOH. Non-adduct and Adduct removal detail process to fractionations. Wait time is the time before each fractionation process. DCM is dichlo-

romethane,  MeOH is methanol, and (v:v) refers to volume to volume equivalence, (m:v) refers to mass to volume equivalence.

Trials

1

8

11

The original trial was run using an unpublished Master’s thesis. This method largely didn’t work 

as it used 1:1 (m:v) urea:MeOH. This meant that for every mg of urea was a mL of Methanol, and 

this did not work. Increasing concentration of urea helped. Trial 2 was the last trial using 

method base one.  After several iterations, method base one did not work properly. Trial 11 is 

the winning method used for this project. The solvent choices and waiting before fractionation 

was the vital di�erence.

Graph 2: Chromatograph of n-alkanes (adduct) and complex hydrocarbons (non-adduct). Plot from Thermo MAT253 Gas 

Chromatograph-isolink-Isotope Ratio Mass Spectrometer. The x-axis is time in minutes of gas chromatograph separation 

and the y-axis is relative intensity. 

Graph 1: Chromatograph of n-alkanes (adduct) and complex hydrocarbons (non-adduct). Plot from Thermo MAT253 Gas 

Chromatograph-isolink-Isotope Ratio Mass Spectrometer. The x-axis is time in minutes of gas chromatograph separation 

and the y-axis is relative intensity. 
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Interpreting Method Trials

Graph 1 demonstrates proper n-alkane separation: high concentration of adduct with clear carbon length 
peaks with non-adduct �lled with an organic soup. Graph 2 has low concentration of n-alkanes in the adduct 
and the non-adduct holds almost all hydrocarbon materials.

Figure 8: Second method base used. 2:1 
Hex:Ace is the volume relations of hexane 
and acetone. Urea:MeOH solution was 
heated to 55C.

Figure 7: Original method process used. 2:1 
is volume relationship of the 
dichloromethane and hexane.

Figure 6: Mounting �uid is the solvents 
used to suspend aliphatics. Urea:MeOH is 
the solution of urea and methanol. The 
adduct removal is the solvent used to 
collect adducts. Non-adduct removal is the 
solvent used to collect non-adduct.

Method Development

Graph 3: Plot of four hydrocarbons C-21, C-27, C-29, C-31. C-21 is separated into two subsections: high resolution 
and low resolution. The black dots correspond to the low resolution, the blue darts are high resolution. X-axis is 
the depth in meters of the rock core, the y-axis is the enrichment of 13C of a given sample

Graph 4: Plot of two hydrocarbons C-21 and C-31. X-axis is the depth in meters of the rock core, the y-axis is the 
enrichment of 13C of a given sample

Combining low and high resolution of the OAE2 excursion proved to be a useful strategy. Graph 3 demonstrates all of 
the data points for hydrocarbon lengths C-21, C-27, C-29, and C-31.  With this data it is hard to observe δ13C change over 
OAE2. The added high resolution data added to the beginning of OAE2 allows for a better picture of carbon cycling in 
the ocean system. Graph 4 shows C-21 and C-31 plotted against one another. C-21 is highly representative of  aquatic 
algae and C-31 is highly representative of terrestrial plant life.

Results
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Urea adduction is used to separate n-alkanes from other 
aliphatics to improve stable isotope reading.

Aliphatics are processed through a Gas 
Chromatograph-Combustion Isotope Ratio Mass Spectrometer 
to observe δ13Cn-alkane

Figure 4: short n-
alkane molecule

Figure 5: Urea Crystal

Method

Photosynthetic processes performs the Calvin cycle, producing hydrocarbons from CO2 . The 
use of CO2 from the environment allows researches to examine the carbon environment for 
when the autotroph photosynthesized. This is done by calculating δ13C through time using 
samples at di�erent locations in a rock column. R is the ratio of 13C/12C.

x 1000
RStandard

Figure 3: Calculated value. 
Rsample -Rstandard 

δ13Cn-alkane

Figure 2: Conversion of CO2 to 
Organic matter through 
photosynthesis 
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Sixty samples were taken form the Smokey Hollow #1, allowing a temporal resolution of 1 cm 
per 300 years. 

OAE2 had the highest CO2 and temperatures during the middle cretaceous. This means OAE2 is 
a demonstrative time section of global climate change.

Figure 1: Map of the middle cretaceous earth, modi�ed from Takashima et al. 2006. Location of formation of the 
Smoky Hollow #1 rock core excavated from the Grand Staircase Escalante National Monument in southern Utah.
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Introduction

Research Focus: Carbon cycling of ocean and atmosphere systems 
during OAE2

Research Questions
Is the carbon sourced from ocean or terrestrial processes?

What is photosynthetic life’s response to global climate and 
chemical change?

Research Approach: Adapt urea adduction to properly separate 
n-alkanes from other, more complex hydrocarbons

Objectives


