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Abstract

The main assumption that drives surface exploration techniques is that hydrocarbon gases from the reservoir seep to the surface where
they are detected and measured by various methods. This investigation puts forth the alternative explanation that the hydrocarbon
anomalies being detected at the surface come from soil organics altered by seeping reservoir hydrocarbons rather than by the direct
measurement of the reservoir hydrocarbons.

Surface soil hydrocarbons are ubiquitous and occur in an infinite number of configurations. Because of the diversity of compounds
present in near surface soils, Humic and Fulvic acids are the primary compounds of interest. Altered carbohydrates and proteins also
contribute to the surface geochemical signature. The soluble Fulvic acids appear to be the source of most measured hydrocarbon
anomalies while the non-water soluble Humic acids contribute when degraded chemically or physically. Condensation and addition
reactions between Fulvic acids and the available free alkanes are the pathways to altered hydrocarbon signatures found over oil and
gas reservoirs. The physical and chemical properties of these two types of soil organic matter account for many of the surface
geochemical phenomena observed.

The soluble altered Fulvic acids are measured in aqueous phase by UV-Vis Spectroscopy. UV-Vis absorbance spectra of soil

hydrocarbons correlate well with thermally desorbed gas phase soil hydrocarbons. GC/MS was used to identify potential sources of
measurable solid, aqueous, and gas phase soil hydrocarbons.

Copyright © AAPG. Serial rights given by author. For all other rights contact author directly.


mailto:jmfausnaugh@geotech.org

Soil Hydrocarbon Alteration: Solid Phase Versus Gas Phase Hydrocarbon Detection

James M. Fausnaugh geotech.org Littleton, CO USA GO TO POSTER 2

Abstract

The main assumption that drives surface exploration techniques is that hydrocarbon gases
from the reservoir seep to the surface where they are detected and measured by various
methods. This investigation puts forth the alternative explanation that the hydrocarbon
anomalies being detected at the surface come from soil organics altered by seeping
reservoir hydrocarbons rather than by the direct measurement of the reservoir hydrocarbons.

Surface soil hydrocarbons are ubiquitous and occur in an infinite number of configurations.
Because of the diversity of compounds present in near surface soils, humic and fulvic acids
are the primary compounds of interest. Altered carbohydrates and proteins also contribute to
the surface geochemical signature. The soluble fulvic acids appear to be the source of most
measured hydrocarbon anomalies while the non-water soluble humic acids contribute when
degraded chemically and physically. Condensation and addition reactions between fulvic acids
and the available free alkanes are the pathways to altered hydrocarbon signatures found over
oil and gas reservoirs. The physical and chemical properties of these two types of soil organic
matter account for many of the surface geochemical phenomena observed.
Figure 1. Basic lignin structure prior to decompositon

The soluble altered fulvic acids are measured in aqueous phase by UV-Vis Spectroscopy. 22;":':3,;";7;‘:::?: :ﬁ:ﬁﬂ;:;ﬂf:ﬁ;hﬂﬁgﬁ:“i

UV-Vis absorbance spectra of soil hydrocarbons correlate well with thermally desorbed gas degradable substrates (seeping hydrocarbons) as the
phase soil hydrocarbons. GC / MS analysis was used to identify potential souces of primary energy source. The newly liberated hydrocarbons

I3 1. . are now available for other biological processes or
measureable solid, liquid, and gas phase soil hydrocarbons. onitost as altered SOM.
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Surface geochemistry as applied to oil and gas exploration is the search for surface and near

surface direct indications of the microseepage of hydrocarbons from an oil or gas reservoir.

Devolatilization and thermal degradation of oils produce a continual leakage of light hydrocarbon

components from the reservoir. All viable methods of surface geochemistry depend on various Figure 2. Schematic diagram of a clay - humate complex in soil.
mechanisms of hydrocarbon migration from the reservoir, with a primary vertical vector with little ;‘xﬁz’*g“:;'gﬁigp;mggmﬁmﬁ;e;uwh WINGITI GRS f10
lateral offset or dispersion.
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hyd rocarbon Comparison of Concentration by Method Type
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By comparing multiple hydrocarbon measurements by different methods, it will be shown | (ST Raaa”
that the signature commonly acknowledged as a “direct” hydrocarbon measurement is o
actually related to the alteration of near surface soil organic matter (SOM).
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1000 1 Hexane: Organic Solvent Extraction
by GC / WS

CGoncenfration

It is assumed that hydrocarbons seep to the surface, with some escaping into e
the atmosphere, some being occluded in sediments in gas phase, and some being Total Organic Carbon
consumed by soil biota. The occluded gases are termed as being directly related to W e
the hydrocarbon reservoir at depth and are simply waiting in a static environment to AL
be collected and analyzed. Near surface soils are anything but static. Being a

significant carbon sink, soil processes help complete the carbon cycle by providing Eﬁﬁ?h;ﬂﬂ:ﬁ;ﬁ:ﬁ; ?:;gf:iy:ihhm? ;:rt:n 1:;9

microorganisms with the energy contained in carbon - hydrogen ( C-H ) bonds. This Desorption and UV-Vis show the greatest correlation. Sample
is the driving force behind nearly all of the nutrient cycling reactions involving organic 3 is anomalous when measuing gas phase and solid phase
compounds in soils and sediments. It is proposed that much of the hydrocarbons fyFosaions.

being measured in near surface soils are related to the incorporation, and subsequent

alteration, of near surface SOM by seeping hydrocarbon gases. g ). e e . e e e
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Vertically seeping hydrocarbons react with SOM which alters the SOM within a seep relative NV
to the background SOM. Various biological processes help integrate free reservoir related S i
hydrocarbons into the SOM. Condensation and addition chemical reactions provide the Methane 69 43~ 100

Ethane 4.6 8.6

pathways. Any of the soil hydrocarbons can be altered, with primary ones being humic acids, Propane 6.7 % 128
1.
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I-Butane 6.8 30.1

fulvic acids, carbohydrates, and proteins. X-ray analysis, electron microscopy, and viscosity Butane 2.9 5.9
measurements of fulvic acids indicate a relatively open, flexible structure, perforated by voids

Table 1. Correlation Matrix of hydrocarbon homologs and UV-Vis

of varying dimensions. These voids can trap, or fix, organic and inorganic compounds that hydrocarbons with low concentrations. Outlined areas indicate

fit into the voids, provided the charges are complimentary. Many of the phenomena measured higher positive and negative correlations. Ethane and i-butane show
in near surface soils to detect seepage anomalies are regulated by the various componenets some correlation. Hydrocarbon values are in ppm.

of humic and fulvic acids. These include the movement of halogens, fragmentation and

integration of aliphatic and aromatic hydrocarbons, pH buffering, oxidation-reduction T
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The data are derived from measurements by various methods. These include loss on i _ﬂ__ - 3 -
ignition, thermal desorption, and hydrocarbon extraction by hot acid, organic solvents, e ——— u—]
and deionized water. Analysis is by gas chromatography (GC), gas chromatography £ Y

| 14 o8 | 21

coupled with mass spectrometry (CG / MS), and ultraviolet - visible light spectroscopy. e e e

Table 2. Correlation matrix of hydrocarbon homologs and UV-Vis

. hydrocarbons with moderate concentrations. Outlined areas indicate
COITIPEI'ISOTIS significant positive correlations. Methane, Propane, i-butane, Ethylene,
and Propene show some correlation with UV-Vis wavelengths.

Comparisons of UV-Vis absorbance data and conventional GC measurements yield
a very high correlation. As the concentration of the hydrocarbon gas homologs et Piine. iihuis.  Pestion ik Piskins Wiyl |Poplhd | Weless
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The first notable comparison establishes the concentration connection. Conventional e i
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hydrocarbon homologs and UV-Vis wavelengths correlate with concentration. High (o

|

hydrocarbon sample concentrations tend to generate higher correlations while lower - 1
hydrocarbon concentrations yield correlations near zero. A comparison of matrices : | ' |
shows that as concentration decreases fewer hydrocarbon homologs correlate with

the UV-Vis hydrocarbons (Table 1), while the sample set with the highest concentrations If,';{i;;,b‘;?:?{?‘;:“ a,";aa";’f‘ %ﬂfﬁ&tﬁ&:ﬁ;&%ﬁtﬁm

has the greatest correlation withmore of the hydrocarbon homologs (Table 3). areas indicate significant positive correlations. Methane, Ethane,
Propane, n-butane, Ethylene, and Butene show correlation with the
UV-Vis wavelengths.
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Comparison of Acld Extraction and H;O Soluble Hydrocarbons

Comparison of Acid Extraction and H;O Soluble Hydrocarbons

Soil Hydrocarbon Alteration: Solid Phase Versus Gas Phase Hydrocarbon Detection

Figure 5. A comparison of unsaturated gas phase hydrocarbons with
the 340 nanometer wavelength from the water soluble hydrocarbon fraction of
five soil samples.

Figure 4. Graph comparing the acid extractable gas phase saturated hydrocarbons
and the water soluble hydrocarbons from the solid phase of five soil samples.

Comparison of iC4 /I nC4 and 27T0nm / 280nm Ratios
Comparison of C2/C3 and 280nm / 290nm Ratios

Figure /. Graph showing the inverse relatiionship between the iC, / nC, and 270nm / 280nm
ratios. These ratios can be used to determine the maturity of the hydrocarbons associated
with the seepage anomaly. The iC, / nC, values are less than one indicating mature
hydrocarbons with Sample 1 being less mature than Sample 3. The 270nm / 280nm ratio
shows the same relationship though greater maturity is indicated by increasing values.

Figure 6. Graph showing the direct relationship of the C, / C, and 280nm / 290nm
ratios. These ratios can be used to characterize a seepage anomaly. For instance,
Sample 1 has a higher gas content than Sample 3.

Hydrocarbon Characterization Comparison

Gas phase hydrocarbons are often used to characterize seepage anomalies

and the reservoirs associated with them. Characterization methods yield an

estimate of the type of hydrocarbons that are in place within the reservoir at

depth prior to drilling a well. This is accomplished using ratios of the various
hydrocarbon homologs.

Correlations between ratios from GC hydrocarbon data and UV-Vis hydrocarbon
data exhibit some meaningful correlations. The C, / C, relationship has been
used to estimate GOR and hydrocarbon maturity. Moderate to high

correlations suggest that the UV-Vis hydrocarbon data might be used to
estimate gas content and degree of hydrocarbon maturity. Correlations show
that the C, / C, ratio is directly proportional to the 280nm / 290nm ratio.

The iC, / nC, relationship is used to determine hydrocarbon maturity. Values
greater than unity indicate immature hydrocarbons while values less than unity
are within the oil window. High inverse correlations between iC, / nC, and

the 270nm / 280nm ratio indicate that higher UV-Vis ratio values are
equivalent to lower iC, / nC, ratio values. The maxtrices verify that the ratios
most often represented are C,/ C, and iC, / nC,.

UvV-Vis
Ratios

2307240
240/250
2507260
2601270
270/280
280/290
290/300
300/310
310/320
320V330
330/340
340/350

0.0889
0.1381
-0.1427
-0.0444
-0.0421
0.0188
-0.0405
-0.0995
-0.0238
-0.0591
0.0393
0.0491

“%Methane Cy/C:*1000

0.0277
-0 1653
-0.0259
0.1273
-0.1456
0.1704
0.1578
0.1023
-0.0129
-0.0417
0.0749
0.0556

Gy

-0.1722
0.0917

CJnC,

0.1002

0.4030
0.4486
0.4888
0.4341
-0.3574

-0.2100
-0.2580
-0.3318
-0.3792
-0.3310

0.2637

GGy

0.0753
0.0142

-0.3008
-0.2513
-0.2675

-0.0860
0.0185
0.1860

0.0548
-0.0320
-0.1838

-0.2342
-0.2235

0.2141 |

0.1827

-0.1978
0.1406
-0.0284
-0.0528
-0.1496
0.1552
0.1408

Table 4. Correlation matrix of standard hydrocarbon ratios and UV-Vis
ratios of wavelengths. Outlined areas indicate significant positive and
negative correlations. This comparison is comprised of anomalous
hydrocarbon data from the Appalachian’ s in the Eastern United States.

Uv-Vis
Ratio

2307240
2407250
250260
2607270
2705280
2807290

2907300
300/310

310/320 |

320/330
330/340

340/350 |

“%Methane

-0.3963
-0.6562

CyCy"1000 GG,

ICJnC,

GG,

0.3549

-0.7229

06218
0.6913

0.1905
0.0177
-0.3448

0.2606
02454

0.2341
-0.0623

0.3025
-0.3035
-0.2884

0.9923

-0.9968

04334
-0.3964

0.3927
0.3549

-0.5416

0.5035

0.9393
0.9991
0.9987
0.5823
0.7142
0.9189
0.5223
0.5357
-0.5916
0.9526
0.9354
0.9829

-0.7890
-0.5653

-0.4870

-0.6781
-0.8691
09110

CyCsy
0 2838

-0.5613
0.6352

Cy/Ce

-0.1952
-0.4835

CCs

-0.5621

0.0136
-0.2904
-0.3773

-0.9980
0.9721
-0.8218
-1.0000
-1.0000

-0 1456
-0 3146

-0.6363

00740
-0.0897

0.3063
0.1370
-0.2302
0.3741
0.3594

0.3919
02267
-0.1405
04571
0.4430

0.5751 |

0.4248
0.0690

-0.3698

0.7632
0.7889
0.6774

0.8950

0.7076
06782

-0.7895

1.0000

0.9963

0.6325
0.6202

0.9564

-0.3227
-0.2839
-0.4373

-0.2350
-0.1952
-0.3535

-0.0272

0.0135

-0.1507

Table 5. Correlation matrix of standard hydrocarbon ratios and UV-Vis
ratios of wavelengths. Outlined areas indicate significant positive and
negative correlations. This comparison is of data over a producing

field in the Mid-Continent of the United States.






