Distinguishing a magmatic CO,, degassing signature from a biogenic CO, signature
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PURPOSE: Using CO, degassing fluxes to infer the presence of a magmatic CO, signature in the Northern Appalachian Anomaly area.
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« The Northern Appalachian Anomaly Is a
thermal anomaly inferred from shear wave
velocities beneath New England and
Interpreted as a mantle plume.

* Possible evidence of magmatism is

1o investigated here by analyzing soil CO, flux
: emissions In areas surrounding regional

| N springs in NY, MA, NH and VT.

) « To test the presence of magmatism at depth,
AN we measured the flux of diffusely degassing
‘ soil CO.,.

Areas where springs are present were sampled,
_ because the water traveling from within the
da1on Earth’s crust, and sometimes deeper, exploit
the easiest pathway to reach the surface, and
we expect that CO, would exploit similar

Table 1. Soil respiration rates for

different vegetation types (Raich,

J.W., 1992) in comparison to the data

presented In this study from the

Northeastern Coastal USA. Data

from this study Is presented with a

purple background, the vegetation

type of NE Coastal USA Is presented

with a grey background.

*Including mixed broad-leaved and
needle-leaved forests
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Coastal USA CO, flux data was taken with an EMG-5 paths.
CO, Gas Analyzer.
Vegetation Type g CO, m?d+
Tundra 0.6 = 0.06
Mediterranean woodlands and hearth 0.94 £0.16
Tropical savannas and grasslands 2.25 +0.38
Northern bogs and mires 3.23 £0.31
Tropical moist forest 4.15 £0.76
Desert Scrub 4.44 +0.78
Croplands, fields, etc. 5.46 = 0.8
Temperate deciduous forests * 6.31 £0.53
Marshes 6.5 £0.51
Tropical dry forests 6.76 £1.35
Boreal forests and woodlands 6.84 £0.95
Temperate grasslands 7.16 +£0.88
Temperate coniferous forests 12.7 £0.57
Biogenic Component (This study) 17.6 £ 7.65
Magmatic Component (This study) 48.6 +21.9

not used in this
ST study) '

1000

100

CO, Flux (log)

10

Northeastern Coastal USA CO, Fluxes

CO, Data Analyses

Population A: 72%
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Figure 2. Log
probability plot of the
CO, flux data

o collected in the

- Northeastern Coastal
USA. The “x” and
the red line shows the
placement on the
graph where

population A ends
and Population B
begins.
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« CO, concentrations and Linear Flux (gCO, m=h-!) were taken with an EGM-5 Portable CO, Gas

Analyzer.

« The EGM-5 was used to cover a geographic area ranging from ~0.1-1.0 miles? surrounding 5
different locations (Figure 1).

« Acode was used to statistically discriminate the possible presence of two geochemical populations.

* Two distinct populations have been found indicating the presence of a biogenic CO, signature and
magmatic CO, signature in the Northeastern Coastal USA region.

g CO, m2d (log)
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3A) Biogenic CO, flux mixed with weak
magmatic CO, flux
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3B) Biogenic CO, flux mixed with strong
magmatic CO, flux
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Data Modeling

* The CO, fluxes in the Northeast Coast of the United States are quite high (mean CO, flux of 26 g m
2d 1), similar to magmatic fluxes observed in regions of weak magmatic CO, degassing (e.g.,
Natron Basin, Tanzania). Population A of the Northeastern Coastal USA CO, fluxes (Figure 2) was
used as the biogenic component in the modeling.

« To Investigate the potential range of magmatic fluxes that could be discriminated from these high
background values, we generate several synthetic datasets using MATLAB.

» Each dataset represents biogenic and magmatic CO, flux components based on data obtained in this
study and known regions with magmatic CO, fluxes (Natron Basin, Tanzania and Mammoth
Mountain, USA).

« The two magmatic components selected have different signatures. Data from Lake Natron
(Tanzania) display weak fluxes (mean CO, flux of 30 g m -2 d ) and are treated here as a weak
magmatic component.

« CO, fluxes from Mammoth Mountain (USA) are considerably higher (mean CO, flux of 1,991 g m -2
d -1) and are treated as an example of a strong magmatic component.

* The synthetic datasets are created and ran through a code on MATLAB. The code is a “Statistical
approach for discriminating CO, flux populations” created by Emily Judd and her colleagues at the
University of Syracuse.

 The code was generated using a similar approach to the Sinclair (1974) paper on discriminating
between two geochemical populations.

Figure 3. Log Probability Plots graphically showing the comparisons between three trial runs (1-green, 2-blue,
3-yellow) to simulate the distribution of CO, fluxes obtained by mixing two controlled populations. Multiple
trials are run to see how reliable the method is. Population A represents a background signal, in this study, the
biogenic CO, flux, while Population B represents a magmatic CO, flux.

3A) Biogenic CO, flux mixed with weak magmatic CO, flux. This dataset appears to be a straight line, if a
Kink is not present it is not immediately evident, yet the code is identifying two populations.

3B) Biogenic CO, flux mixed with strong magmatic CO, flux. This dataset displays a distinctive kink. Also in
this instance, two populations are observed, a magmatic population and a biogenic population.

The actual percent contribution used to generate the dataset is reported as a red line and a ratio in the top right
corner. The obtained percent contributions are shown as a blue line.

Results

« The errors obtained while using the strong magmatic signal are consistently low <1% and only
Increase to ~9% when the magmatic contribution is 5%.

« The errors obtained while using the weak magmatic signal are widely variable ranging between 0
and 17% (excluding the anomalous samples) indicating that the program is able to find the two
populations but the obtained % are not quite as reliable when the biogenic signal is similar to the
magmatic signal.

« Additionally, four anomalous readings have been observed, with errors as high as 89%, while using
weak magmatic signal. These extremely high errors are observed especially when the magmatic
contribution is 10% or less.

Conclusions

« Synthetic datasets confirm our ability to identify magmatic signatures with both strong and weak
signals.

* \We hypothesize that these errors occurred due to the similar mean of the biogenic signal and the
weak magmatic signal which creates a large overlap of the two populations.

« Assecond population has been identified in the Northeastern Region of the United States based on
CO, degassing fluxes.

* The second population could be a mantle CO, signal, consistent with the mantle anomaly identified
based on seismic data, or the signal could have been produced by different types of vegetation.
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