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Abstract

Surface geochemistry has been used for a 100 years to assist in exploration and discovery of conventional reservoirs. lodine surface
geochemistry was developed by the Russians to help minimize seismic costs. lodine is a halogen that has a strong affinity to cracked
hydrocarbons. Detecting halogenated organic compounds associated with underground hydrocarbon spills is common practice in the
environmental industry. While any form of geochemical surveys cannot establish depth of pay, quality of reservoir or volume of hydrocarbons
present it is a very useful as a screening tool to determine if a geologic concept or a 3D seismically defined structure or stratigraphic may
contain petroleum. The general consensus within the industry is surface geochemical tools are very effective in determining the absence of
petroleum in relation to a geologic concept, field extension or seismically defined target. Integrated with seismic, aeromagnetics and subsurface
geology, iodine surface geochemistry adds to the explorationist’s ability to reduce risk and increase exploration success. Examples will be
presented from the Mid-Continent USA where iodine surface geochemistry successfully predicted both production and dry holes.
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The Use of lodine Surface Geochemistry Integrated With Seismic and

Subsurface Geology to Find Conventional Reservoirs in the Mid-Continent USA

2 Proof of Concept
By Dr. Steven A. Tedesco 100 MG‘ AN N |VERSA RY Keota Natural Gas Storage Facility lodine (in ppm) lodine (in ppm)
Washinton Co., lowa, Forest City Basin B
Atoka Inc. CSerm The Keota Natural Gas Facility stores gas in the St. Peter R &Wﬁ_ﬁ__ﬁ“’ ROW o E—
Runnin FOXGS Petroleum |nC (Simpson) sandstone (Ordovician) at 990 feet. The reservoir

g ' Is capped by the Decorah and Platteville carbonates and T T~

ANNUAL CONVENTION & EXHIBITION & carbonaceous shales. This in turn is overlain by the Trenton #,,/’12\ 7 8 9
4 _7* (Viola) Limestone and then the Maqouketa Shale. Most s

ABSTRACT: 2-5 April 2017 - Houston, TX - George R. Brown Convention Center X geologists and engineers would rightly assume that these rocks

would be sufficent to create a seal for the reservoir.
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Surface geochemistry has been used for a 100 years to assist in exploration and However, there is leakage in minor amounts of hydrocarbons I
discovery of conventional reservoirs. lodine surface geochemistry was developed that can seep through and migrate into the soil section. . . ﬂ\gli < | |
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by the Russians to help minimize seismic costs. lodine is a halogen that has a
trong affinity to cracked hydrocarbons. Detecting halogenated organic compounds
associated with underground hydrocarbon spills is common practice in the
environmental industry. While any form of geochemical surveys cannot establish
depth of pay, quality of reservoir or volume of hydrocarbons present it is a very
useful as a screening tool to determine if a geologic concept or a 3D seismically
defined structure or stratigraphic may contain petroleum. The general consensus
within the industry is surface geochemical tools are very effective in determining
the absence of petroleum in relation to a geologic concept, field extension or
seismically defined target. Integrated with seismic, aeromagnetics and subsurface
geology, iodine surface geochemistry adds to the explorationist ability to reduce
risk and increase exploration success. Examples will be presented from the
Mid-Continent USA where iodine surface geochemistry successfully predicted both
production and dry holes.
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The storage facility indicates iodine and soil

gas anomalies anomalies for soil gas Gas had been injecting in the storage during the
and iodine in association with the Keota Dome. summer. Toward the end of the summer a soil and
The storage facility at this is generally in a gas and iodine survey was carried out. The data a
depleted state or being subject to injection of large anomaly of iodine and propane over the storage
1 natural gas. facility.
Microseepage Model
Surface geochemistry is based on the microseepage model of hydrocarbons leaking from any accumulation - | |
] _ _ ) 7 e land use in the area is farm land. Samples were | |

at depth and migrating to the surface. The hydrocarbons migrate along fractures, disconformities, collected in the field and within the edges of the field

upcofprmities, lithologic boundaries, etc. The migration tends to be near vertical based on numerous case fﬂf;;;}f;{f‘e%r@h;;ﬁl?g ;%;tg?;?,z‘;’;-n;“ﬁ1°rgzmc

histories. The hydrocarbons in the soil section cause a vaiety of changes in terms material. lodine (in ppm) C D

lodine (in ppm)

of pH, Eh, conductivity, increase and decreases in radioactive minerals, increases in iodine and other

halogens, depostion of magnetic minerals, petroleum consuming bacteria, and formation of carbonate e Ty
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compounds. Changes have also been noted in various rock layers above the petroleum Washington County, lowa
accumulation such as increase presence of magnetic and carbonate minerals and increases in iodine. TYPE

LOG
These changes can be measured by a variety of methods. These changes are ongoing in the soils and 3 tagomaa
will vary through time. > mawox &)
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also sulphur, pyrrhotite =]
greigite, uranium, etc. Anomaly Winter -1989 76 Q‘ » Spring -1989
. &5 )
: ; Reducing Zones Magnetic ' withi - : N N \
Bacterial Degradation Anomaly As gas is withidrawn there is some degradation of NN The reservoir is depleted and back to normal or
of Hydrocarbons the iodine and soil gas anomalies. ™ under pressured conditions.The rapid changes in

Structure on top of the

Trenton Limestone Ordovician
Depth: 330 meters

Operating Storage: 10 BCF
Reservoir: St. Peter Sandstone

' Low Resistivity
Light Hydrocarbons Anomaly

Seep Upward from
Trap Creating a Seismic Velocity
Reducing Zone Anomaly

the iodine and soil gas response indicates that the
process of vertical migration is relatively quick and it
elminates diffusion as a mechanism.




3 Arikaree Creek Field - lodine and Seismic Success 4
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Silurian Reef i j.,,... s .
Oceana County, Michigan L e L i, T
N -
el AThis reef in Oceana County was defined by drilling prior to the iodine survey.
- Based on engineering analysis and seismic interpretation there is an indication
. .l e that the reservoir was undrained. A development well was not drilled because
T of the presence of H2S in the gas.
Atoka Inc. 100 AAPG-ANNIVERSARY
4B Inverness Drive East, Suite 120
Englewood, CO 80112 ACE 2017
(303) 617-8919 ANNUAL CONVENTION & EXHIBITION - -
The Arikaree Creek Field was discovered by iodine and seismic. The iodine survey as contoured in A indicates several anomalies that can be interpreted as both halo and apical. The 3D R AL
seismic and iodine survey (classed post interpretation) in B survey indicate a complex that is a wrench fault system. The surface geochemical is typical of a complex structure leaking
hydrocarbons. The upper horst the wells flowed 400 BOPD each from the Mississippian.
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The Eland Field produces from a
6 Lodgepole monud and was
R102W discovered using seismic. The
lodine survey was done while
20 L e . o drilling the discovery well.

The existing production in the
@i et Sy = area has minimal anomalies
lodine Survey Prior to Discovery of the Eland Field, Stark County, North Dakota. Dickinson Field was discovered several decades prior to the discovery of the Bland aSSOCiated With them- The

Field and produoces from the Tyler Formation. The Dickinson Field - Lodgepole producer was discovered prior to the iodine survey Mo iodine anomalies would be

o e B et m e o e e e anomalous indicates both apical
P T e Eland Field Pre-Drilling Stark County, North Dakota, Williston Basin and halo effects. The area
D ol P B e o presently has numerous
ijmm;ﬂ:‘f N horizontal Bakken wells. The

nature of the Bakken Shale not
be conducive to using surface
geochemistry to find sweet spots.

NE Riverside Field Weld County, Colorado, Denver Basin
THe NE Riverside Field is an old reservoir
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that produces from the D sand. Engineering D S N
. . Cold Turkey Creek Field

work suggested that the reservoir being Section 22, Township 130 North, Range 102 West
drained was over a much larger area. The Bowman County. North Dakota
iodine survey was run previously to define ed River Formation
sandstone bodies along the Greasewood _
channel trend of which NE Riverside was part| Jace Field
The well successfully found D sand that was The Cold Turkey Field produces from the Red River (Ordovician) reservoir. Kiowa Co., CO S vo U G gner 2105 IR A =

1 r . A DST run indi hat th The iodin rvey w ne a few r r the field h n discovered. . Bl Sk oy kb, oo b ik, Diion il s et s st 0 . .
:.)essetra\,"élfte'fjessureswa: SI gi.l(:-l-;s;?.]?lt Igtsé e e Od e Su ey aS do e a e yea S afte t e e d ad bee d SCO e ed The Jace Fleld produces from the Morrow Lodgepole Mound based cn documents submittod to the Stato of North Dakota. All wells in groen are post survey and penctrate the the Lodgepole Formation. Cross-section through the field area
than eXpeF::ted reservoir pgressure f)(/)r an (Pennsylvanian) Sand a|0n9 the LaS Animas ArCh: Eland Field Post-Dnlling Stark County, North Dakota, Williston Basin

undrained part of the field. The lack of an Southeast Colorado. The iodine survey was done

odine anomaly clearly indicates that the prior to the field discovery as part of a larger survey.

reservoir had been drained over a large area.
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Seismic Line : R9S]-26

lodine as a Recon Tool
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Seismic Line : R99]-31 Seismic Line : R99]-32
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Seismic Line : R89J-54

A recon iodine survey was done along seismic lines Zuunbayan and PN
Unegt basins. The iodine survey was done prior ro drilling. lodine e
values along of the lines correlate well with faulting. The iodine survey B
suggested there was no signficant accumlations where the iodine and

seismic survey were done in together. Subsequent

drilling resylted in two dry holes.

Seismic Line : R99]-52 Seismic Line ;: R99]-42
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Iodine samples Gridded over the Chono / Buga area with the top

Sharlyn faults plotted (Line interval 2000m, grid interval 500m)

Independent Study by Leaver and Thomasson 2002

AAPG STUDIES IN Geology No. 48/SEG Geophysical Reference Series No. 11,
Chapter 3: Case Studies Relating Soil-lodine Geochemistry to Subsequent Drilling Results

he authors concluded:

That the iodine method predicted 58 wells predicted dry, 53 were dry and 5 were producers;
Of the 32 producers predicted productive, 27 were accurately predicted and 5 were dry;
The study covered surveys in Wyoming, lllinois, New York and Colorado.

Seven Companies Experience from 1992 to 2001

Figure 1 Figure 2 Figure 3
Dry: 5 Wells
Productive: 3 Wells .
Productive: 9 New
2.6%0 \ Field Discoveries
(Sub-Economic)

16.4%

Dry: 112 Wells
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Dolley Field
Weld County, Colorado
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Greasewood Field Greasewood Field

The Dolley Field was discovered using seismic and iodine surveys and it produces from a D crevasse splay. A is the survey done prior to
drilling. B is the drilling post survey. The sand is at 7,500 feet. The D zone is one to two feet thick.
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RATLIFF WELL
Vinton County, Ohio IR et R }}ﬁmg?éﬁﬂ
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The Ratliff well flowed at 1.4 MMCFGPD. The well produces from an erosional
remnant in the Knox Formation. The iodine survey was done prior ro drilling

Dry: 92
97.4% Wells
73.6
Results of 115 Wells Results of 55 Wells Drilled Results of 125 Wells
Drilled in Negative in Positive Iodine Surface Drilled in Positive Seismic
Iodine Surface Geochemical Anomalies Anomalies within the same
Geochemical Anomalies Survey Group as the Iodine
Aﬁ Iodine Profile
Line 1
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REEF PROSPECT

Papua New Guinea

Todine Profile in ppr
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Soil Gas

This reef prospect was developed by an independent out of Casper, Wyoming.
Soil gas, iodine and microbial methods correlated well with the seismic definition
of a Miocene Reef. The prospect was never drilled. Not due to problems with
drilling, access, etc. But due to cannibals in the area.
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HURON COUNTY, ONTARIO

Ashfield Reef was discovered prior to the use of the

lodine survey. The wells were capable of over
1 MMCFGPD but were shut-in due to lack of a pipeline.
The survey was run to use as a model for other

potential targets in the area.

Seisrﬁic Le
ASHFIELD 1E-IIT REEF
ASHFIELD TOWNSHIP
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Summary

lodine surveys analyze the soil for iodine in ppm. These surveys provide another
tool for the explorationist to use in the search for conventional. The tool is relative
inexpensive and can be done ahead of or with seismic acquisition. lodine surveys
that do not have any anomalous areas almost 96% of the time predict a dry hole.
Drilling results support this statistic. Where there are anomlaies that gives a reason
to explore further by shooting seismic or another geophysical tool.
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