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INTRODUCTION  

This white paper was prepared to show interpretation results of field and regional scale lightning analysis projects, 

and then to suggest two specific areas where regional lightning analysis could have significant economic benefit. 

The outline of the White Paper is as follows: 

ω Lightning analysis works well to define field sized areas like the Stratton Field in South Texas. 

o There is good correlation with seismic and well control. 

ω Lightning analysis works well to define regional faulting in South Texas. 

o There is good correlation with interpretations, and mapping of migration pathways. 

o There is also correlation between lightning density and known oil and gas fields. 

ω Lightning analysis continues offshore, and so regional interpretations can continue offshore. 

o It makes a lot of sense to do lightning analysis offshore the East Coast, where the BOEM is 

going to hold Federal Lease Sales starting in 2020. 

ω Regional Studies can also be done onshore. A significant opportunity is the Great Basin. 

o Lightning analysis has shown correlation at the Covenant overthrust oil field. 

o Lightning analysis could be correlated with Alan Chamberlainôs work in Nevada overthrust 

areas to find more fields like the Railroad Valley fields. 

o Lightning might be key to see beneath volcanics in Southern Idaho. 

o Lightning has identified anomalies which could be replicas of the Sleeper Gold Mine. 

o Lighting analysis can be used for identifying geothermal anomalies. 

The South Texas Stratton Field and Regional lightning analysis to the west demonstrate the value of lightning 

analysis. Lightning derived geophysical analysis can be done anyplace, out to at least 1,000-foot water depths, with 

no notices to anyone, no permits, no boots on the ground, and these projects are quicker, safer, and less expensive 

than any other geophysical data type.  

Since lightning analysis provides useful results in South Texas, it will provide useful results anyplace else the 

technology is applied. Two specific areas where lightning analysis could have a significant economic advantage are 

offshore the East Coast and The Great Basin of the Rocky Mountains in the western United States. The opportunities 

for each area are introduced below. 

The Federal Government has committed to hold Federal mineral lease sales offshore the East Coast and California 

starting in 2020 and to continue to hold regular lease sales in the Gulf of Mexico, the next being on August 21, 2019. 

Prior to these lease sales the BOEM (Bureau of Ocean Energy Management), formerly MMS (Mineral Management 

Services), has to do a technical and economic analysis of the areas to be put up for lease, to make sure accepted 

lease bids reflect the value of the minerals being bid on. The issue with offshore California, and specifically offshore 

the East Coast, is that there have not been modern geophysical surveys run in these areas, specifically there are no 

regional 3-D seismic surveys. These surveys typically have a 50-meter (164-foot) trace spacing, and provide a 

picture of geological structure and stratigraphy under the sea floor. BOEM is also charged with issuing permits for 

this type of data to be collected. These surveys cost at least $85,000 per square mile. There are about 479,524 square 

miles of area theoretically available for lease. This means it would cost over $40 billion to cover the entire area with 

3-D seismic. Lightning analysis creates 50-meter trace spacing 3-D apparent resistivity and lightning attribute 

volumes, and for this same area will cost $3,836,190 or 10,000+ times less that 3-D seismic. There is certainly less 

vertical resolution, and yet this White Paper is intended to demonstrate the value to use this data to create geological 

frameworks, and to come up with initial estimates of economic value, as well as sweet spot areas. 

If a regional lightning analysis can be done offshore, one can also be done onshore. The Great Basis of the Rocky 

Mountains in the western United States is an ideal second candidate for a regional lightning analysis. There are 

proven oil fields; gold, silver, lead, zinc, copper, and other mineral mines; as well as most of the geothermal 

opportunities in the continental United States in this proposed analysis area. There are also example projects here.  

http://www.dynamicmeasurement.com/
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Stratton Field 

In 1994, the Bureau of Economic Geology, W. L. Fisher, Director, released a 3-D Seismic and Well Log Data Set 

over the Fluvial Reservoir Systems at the Stratton Field, South Texas. The publication was by Raymond A. Levey, 

Bob A. Hardage, Rick Edson, and Virginia Pendleton. It included figures describing regional geological control 

(BEG Figure 1 below), and an example seismic section (see BEG Figure 5 below). Particularly note the Vicksburg 

and Frio growth fault packages at both a regional and oil field scale: 

 

In 2016 Dynamic Measurement did a regional proof-of-concept lightning analysis project across this same area. 

Figures 2 and 3 below shows results. In this case, there is a northwest-to-southeast lightning data derived apparent 

resistivity cross-section overlaid on a seismic section along with well logs from the BEG Stratton data volume. The 

color scale shows calculated apparent resistivities range from 11 to 26 ohm-meters. On Figure 2 a horizontal slice, at 

just over 2.000 seconds, is shown to the right, with a Stratton seismic time-slice at the equivalent depth. 

 
Figure 2. U.S. Patent Protected lightning derived apparent resistivity volume over the Stratton Field faulted data. 
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Figure 3. Direct comparison between Stratton seismic section and apparent resistivity overlaid on the same section. 

Dynamic Measurement has grown, or not, by cash flow. A downside of this approach is not having cash to purchase 

seismic, log, and other existing geologic and geophysical control. We did obtain two resistivity well logs in the 

Stratton Field area. Figure 4 below shows correlation between two resistivity well logs along lightning derived 

apparent resistivity section B-Bô. The highest 20 ohm-meter log measurement is just south of the 23 ohm-meter 

highest lightning derived apparent resistivity measurement. A key result was how well extension of seismic derived 

fault interpretations tie lightning volume fault interpretations. This work was done in September of 2017. Lightning 

occurs everywhere.  This lightning derived apparent resistivity volumes are not limited to being with a few inches of 

a logged well bore. The vertical resolution, more so than the horizontal resolution, is at a much lower frequency than 

the vertical sampling resolution on either well logs or seismic sections. This is to be expected with this new potential 

fields geophysical data type. Potential Fields data has lower resolution than logs or seismic data. However, lightning 

occurs everywhere. Lightning derived volumes are not limited to well or seismic line locations. 

 
Figure 4. Two resistivity well logs from Drilling Info showing correlation with lightning derived apparent resistivity. 
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Regional Faulting South Texas 

In 1982 Tom Ewing, also at BEG, published a regional study of South Texas faulting. This study included maps (see 

BEG Figure 24 Frio map labeled as Figure 5 below), and three regional cross-sections (see Figure 6 below).  

Note this work was done in 1982, and of course the results tied the work done at the Stratton Field six years later, 

some of which is shown above. Geology does not change over human time scales. Fluid content and pressure from 

water reinjection can change over a few years, but not the basic geology and not the fault framework. Lightning 

derived geophysical analysis can be done anyplace, out to at least 1,000-foot water depths, with no notices to 

anyone, no permits, no boots on the ground, and these projects are quicker, safer, and less expensive than any other 

geophysical data type. Lightning analysis will tie other geophysical work done before or after or in 1982 or 1994. 

     
Figure 5. Map of Frio with faulting.          Figure 6. Ewing TVD sections A, B, and C in South Texas fault study. 

Figure 7 below shows the location of the three cross-sections shown in Figure 6, along with well control used to 

create the maps. Figures 8, 9, and 10 below, respectively show apparent resistivity cross-sections A-Aô, B-Bô, and 

C-Cô without and with the Ewing fault interpretation overlain on the apparent resistivity cross-sections. Note how 

well the 2016 lightning derived apparent resistivity cross-sections match the 1982 fault interpretations. The red and 

green faults and arrows are respectively from faults on the Frio and C-11 maps as shown in Figure 11 below. 

 
Figure 7, Locations of 3 Ewing cross sections, along with well control used in creating the maps. 
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Figure 8. Apparent Resistivity Cross-Section A-Aô without and with Ewing Interpretation. 

 
Figure 9. Apparent Resistivity Cross-Section B-Bô without and with Ewing Interpretation. 
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Figure 10. Apparent Resistivity Cross-Section C-Cô without and with Ewing Interpretation. 

An interesting follow-up study with this data will  be to define active oil migration pathways from well and 

production and fault control, and then compare these faults to the apparent high resistivity calculations in the 

lightning derived apparent resistivity volume. First glance at the above sections, appears to show the high resistivity 

anomalies calculated near the surface follow along the same fault plane. If so, lightning analysis will  have a major 

role, when combined with regional geochemical and basin analysis studies, to define migration pathways and traps. 

 
Figure 11. Frio and C-11 Faults from Ewing regional interpretation. 
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The fact regional fault maps can be tied to faults interpreted in lightning derived attribute and apparent resistivity 

volumes has several implications. First, it demonstrates the lightning analysis processing is creating volumes which 

are tied to the geology. Second, since lightning analysis generates volumes, it allows generation of 25-meter 

separated cross-sections perpendicular to and along the strike of each fault. These cross-sections allow detailed 

interpretation of the fault plane between 2-D seismic or other geologic control. If the only control is surface fault 

expression, it allows detailed fault plane interpretation in alluvial filled valleys where there is not surface fault 

expression. State Geological Surveys can use this approach to create a 3-D version, with throw direction, of existing 

stick maps showing more details of faults across their state. Third, these fault planes provide a new geophysical 

based approach to predict hydrocarbon migration pathways. This can provide a step change in Basin Analysis. 

Figures 12 and 13 below show two regional lightning derived apparent resistivity time-slices. Tom Ewingôs Frio and 

C-11 fault maps have been overlain on these apparent resistivity horizontal-slices. The location of the three cross-

sections described above are shown on each horizontal-slice. Figure 14 below shows the three apparent-resistivity 

cross-sections in a cube display. Most geophysical workstations can do this, and these displays were created using 

Landmark Graphics DecisionSpaceÊ. Figure 15 below shows time-slices every 500 ms from 500ms. to 6000 ms. 

 
Figure 12. Frio & C-11 Faults, Ewing regional interpretation, overlaid on 1500 ms. apparent resistivity time-slice. 

 
Figure 13. Frio & C-11 Faults, Ewing regional interpretation, overlaid on 1500 ms. apparent resistivity time-slice. 
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Figure 14. Cross-Sections A-Aô, B-Bô, and C-Cô in a cube display with the Frio & C-11 red and green fault planes. 

 
Figure 15. Cross-Sections A-Aô, B-Bô, and C-Cô in a cube display with the Frio & C-11 red and green fault planes. 

This analysis area was about 61 miles by 32.7 miles. The analysis area could have been 610 miles by 327 miles, and 

the processing of this much more data would not have taken appreciably more time. It costs more, because we have 

to get lightning strike data from the larger area. Dynamicôs lightning vendor provides a nice discount for larger 

project areas, and this is reflected in Dynamicôs pricing. The 1000 ms, 1500 ms, and 2000 ms time-slice have a blue 

north-south lightning data artifact. This artifact appears to be tied to feedback between lightning sensors. Dynamic 

now understands these effects as probably intra-sensor anomalies (see Figure 16 below), and can remove most of 

these effects during processing. These artifacts have only been noticed on regional projects. 

Note, this South Texas lightning analysis projects continues offshore, which is shown in the right image in Figure 16 

below. The results on various time-slices and arbitrary cross-section displays on the workstation appear consistent 

from on-shore to offshore. We know in deep water there are not as many lightning storms as on land. One possible 

explanation is conductive salt water is not allowing a connection between atmospheric and telluric currents in deep 

water. If this is the case, there will be a drop-off in the effectiveness of lightning analysis as projects go into deeper 

water. However, based on this project, lightning analysis is certainly viable out to 100-meters water depths. 

Projecting, Dynamic anticipates projects will be viable at 300-meter water depths (1000-feet water depths), or where 

the shelf starts to break into the slope in the Gulf of Mexico, on the East Coast, and offshore California. 
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Figure 16. The probable intra-sensor anomaly, where there is feed back between lightning detection sensors, shown 

at two scales, without accounting for earth curvature.  

One of the first test projects Dynamic did was to contour lightning density. This was done for a larger area along the 

Texas Coast, as shown in Figure 17 below. This map was looked at in some detail by Louis J. Berent, an interpreter 

who spent the first part of his career at Amoco. Louie found correlation between lightning density and known fields 

and faults. These results are shown in Figure 18. 

 
Figure 17. Note the similar trends in the GeoMap display of fields, and the lightning density contour map. 

 
Figure 18. Note the correlation between fault patterns and hydrocarbon accumulations, as derived by Louis Berent. 
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Back in about 2012 an initial attempt was made to compare the highest lightning density with known fields over a 

larger area, all along the South Texas Coast. The results are shown in Figure 19 below. It turns out 68% of the fields 

had higher lightning density. Dynamic does not believe this higher lightning density is related to iron in the ground 

tied to production facilities. In a project in North Dakota, which went across the Nesson Anticline in western North 

Dakota, a comparison was made between lightning density over the most densely drilled Beaver Lodge Field and 

non-drilled areas 50-miles to the west and 50-miles to the east. There were no significant differences between the 

three areas in terms of lightning density and clustering. Lightning is a meteorological event, and is tied to electrical 

currents in the atmosphere, while lightning strike locations are tied to telluric currents in the subsurface. Telluric 

currents in the 3-D matrix, which makes up the subsurface, dominates over any currents along 2-D drill pipe or other 

manmade infrastructure. A key takeaway of this figure is that there is a bigger impact on lightning density based on 

the number of sensors, than there is based on water depth. As you get down to the south tip of Texas, there are only 

a few sensors picking up lightning strikes. This is because there is not an equivalent lightning detection network in 

Mexico like there is in the United States and Canada. The map on the right in Figure 19 shows there are fewer 

lightning strikes in the south, where there is less lightning sensor coverage. Certainly, in the Gulf of Mexico, the 

offshore data can be improved by placing lightning sensors on some of the many oil and gas offshore platforms. 

 
Figure 19. First pass gridded correlation between high lightning density and field locations was 68%. 

Offshore and East Coast 

Dynamic did another test with this offshore data in June of 2018. We used the above lightning data to create a series 

of maps for a standard 4-mile diameter SPOTsm lightning analysis (price $9,600 for 25 lightning attribute maps and 

volumes). Figure 20 below shows 14 different lightning attribute maps. These maps look just like the same lightning 

attributes mapped onshore. The different lightning attribute maps each have fairly consistent characteristics. A 

SPOTsm analysis can be sampled with 25-meter trace spacing (a grid of about 275 x 275 traces for a 4-mile diameter 

SPOTsm. Volumes this size show fault distributions, as well as the dip of beds at various depths. It seems reasonable 

the time will come when no new well is approved or drilled unless there is a lighting SPOTsm analysis for review 

and correlation with other geological and geophysical data. This would be limited to where the equivalent of NLDN 

(National Lightning Detection Network) quality and quantity of data is available, which currently is in the 

continental U.S. and Canada. Statista reports and predicts about 20,000 wells drilled in the US each year from 2014 

to 2022. If 50% of these wells had SPOTsm analysis, about $10 million in annual income would be generated for 

Dynamic. Key is showing this work improves well success. Improving a few wells will easily save over $10 million. 

https://www.statista.com/statistics/965763/number-of-oil-and-gas-wells-drilled-in-the-united-states/
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Figure 20. 14 Different Lightning Derived Attribute SPOTsm Maps offshore Corpus Christi in State Waters. 

 
Figure 21. Zoom on an Apparent Resistivity SPOTsm Map offshore Corpus Christi in Texas State Waters. 
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To expand the concept of regional lightning analysis programs beyond Texas and the Texas Shelf, Figure 22 below 

shows lightning stroke density in the western hemisphere. Particularly note the East Coast of the U.S. and Southern 

Brazil. The prevailing winds blow storms deep into the Atlantic, so there are plenty of lightning strikes to do a 

lightning analysis in those areas where deep water exploration will occur off of the East Coast of the USA. This data 

comes from Vaisalaôs worldwide lightning detection network, GLD-360. This white paper does not go into the basis 

for calculating lightning attribute maps and volumes, as there are other publications where this information is 

available, including: Does Lightning Strike Twice?, GEO ExPro volume 15 number 5, 22 Oct 2018; Lightning 

Analysis ï A Remote Imaging Exploration Tool, SEG Remote Imaging Workshop, Anaheim, CA, 19 Oct 2018; and 

Lightning Analysis for mapping Faults and Identifying Exploration Sweetspots, Rocky Mountain and Pacific Coast 

AAPG Meeting, Las Vegas, NV, 04 Oct 2016. 

 
Figure 22. Lightning density in the Western Hemisphere from the GLD-360 database. re  

The Bureau of Offshore Energy Management (BOEM) has prepared a Draft Proposed Program for 2019-2024 

National Outer Continental Shelf Oil and Gas Leasing (see https://www.boem.gov/NP-Draft-Proposed-Program-

2019-2024/). A summary of proposed lease sales is shown in their Figure 2 on page nine of this report, which is 

replicated below as Figure 23. Note this proposal includes Federal Lease Sales all along the East Coast and off of 

Southern California in 2020. The rest of the West Coast would come up for sale in 2021, and there would be Federal 

Lease Sales in each area every 2 years following the initial Lease Sale. Economic drivers will likely overcome 

environmental concerns, and some of these Federal Lease Sales will happen, even if there are temporary delays. 

An issue with any of these lease sales is there has only been limited geophysical data collection in these areas, 

especially new modern surveys, and there has been almost no new geophysical data collected for decades. In order 

to set minimum bids, and for oil companies to bid on any newly made available lease blocks, there must be a 

scientific basis for economic potential. Lightning analysis provides a new geophysical data type which can provide 

an initial scientific basis quicker and at less expense than any other available geophysical service. Consider: 

¶ Lighting strike locations and attributes are impacted by geology. 

¶ Lightning strike clusters are predictable from historical data. 

¶ Cross-plotting randomized lightning strike locations vs. recorded locations shows there is a geologic effect 

on lightning strike locations. 

¶ Skin depth of lightning electrical energy s tied to the build-up of storms and charges and interacts with 

telluric currents at exploration depths. 

¶ Rock properties, apparent resistivity and apparent permittivity, can be calculated from lightning databases. 

¶ Rock properties and lightning attribute distributions, displayed as maps, volumes, and interpolated to match 

other existing or planned geophysical surveys, allows filling-the-gap between control. 

¶ Lightning maps and volumes allow creation of geotechnical frameworks ï faulting, bed dip, apparent 

resistivity anomalies, & sweetspots ï quicker, safer, & less expensive than any other geophysical data type. 

¶ A passive lightning energy source has more power than any other geophysical service, with unique results. 

¶ No permitting, no notification, no boots on the ground, and easy integration allows quick, safe, and 

inexpensive geophysical analysis of a new large area like the East Coast of the United States. 

http://www.dynamicmeasurement.com/TAMU/181019_Geo_ExPro_Lightning_Article_SEG.pdf
http://www.dynamicmeasurement.com/TAMU/181019_Lightning_Analysis_A_Remote_Imaging_Exploration_Tool.pptx
http://www.dynamicmeasurement.com/TAMU/181019_Lightning_Analysis_A_Remote_Imaging_Exploration_Tool.pptx
http://www.dynamicmeasurement.com/TAMU/161004_Lighting_Analysis_for_Mapping_Faults_and_Identifying_Exploration_Sweetspots_Notes.pdf
https://www.boem.gov/NP-Draft-Proposed-Program-2019-2024/
https://www.boem.gov/NP-Draft-Proposed-Program-2019-2024/
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Figure 23. BOEM draft proposed program for Pacific, Gulf of Mexico, and Atlantic Region Program Areas. 

Figure 24 below shows an alternative way to break up the East Coast, based on available public 2-D seismic data 

and different geologic areas. One group, DMIGEO, whom Dynamic has worked with, has collected all of this 2-D 

seismic data, velocity data, and pore pressure information. Tom Sherman, a principal of this company, died earlier 

this year, and so there will be some work putting this data together for delivery, though it can probably be 

accomplished within a couple of months for any company interested. 

 
Figure 24. One subdivision of exploration areas off of the East Coast, showing available public 2-D seismic data. 
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A regional lightning analysis can be accomplished over any sub-area, or over the entire East Coast. Creation of 25 

different lightning derived maps and volumes within a couple of months of receipt of an order. The SEG-Y volumes 

will have a 25-meter (or client specified) trace spacing, and can be easily loaded into any of the different available 

geophysical workstations for interpretation. There will be so much data, it will probably take a couple of years to 

interpret all of the data, building a fault framework, and specifying layering dip at various depths. This work is 

simply an extension of the South Texas examples, shown at the beginning of this white paper. 

 
Figure 25. East Coast broken into six areas, with price for lightning analysis for each area, at $8 per square mile. 

As mentioned in the South Texas discussion above, one concern is how good the results will be as water depth 

increases. Figure 22 above shows there are plenty of lightning strikes offshore the East Coast of the U.S.A. 

However, it does make sense to do some testing to see what kind of response there is at various water depths. 

Dynamic has three basic products: SPOTsm, LINEsm, and d.NSEMsm. The above analysis, assumes rectangular areas 

defined by longitude and latitude and a regular defined grid spacing. This is a d.NSEMsm analysis.  

It makes sense to do a series of SPOTsm Analyses as you go into deeper water. The four images on Figure 26 below 

show 4, 6, and 8 possible SPOTsm locations. The standard SPOTsm Analysis covers a circle with a 2-mile radius, and 

the prices for 4 projects would be $38,400, for 6 would be $57,600, and for 8 would be $76,800. This is a minimal 

cost compared to other geophysical surveys or compared to just the cost of preparing a BOEM lease application. 

Alternatively, the SPOTsm Analysis could be 4-mile radius, which increases the area from 12.57 square miles per 

project to 50.27 square mile per project with a proportional increase in price. 
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Figure 26. Possible locations for SPOTsm Analysis Projects on the East Coast based on available university data. 

Alternatively, a LINEsm Analysis project would show gradational changes in lightning analysis results as the water 

depth increases. This analysis could be run along an existing 2-D seismic line to allow calibration, and hopefully 

show dip information for some of the seismic reflectors. The proposed test on the maps in Figure 27 below would be 

about 65-miles long. Given the test is 1-mile wide, there would be about 65-square-miles of data ordered, which is 

priced at less than $60,000. It takes less than 2-months from the time of a lightning data order to delivered maps and 

volumes. The process over this time interval is to order data, receive data, clean data, process data, package, and 

deliver results to the client. On all projects to date Dynamic Measurement geophysicists helped with interpretation. 

 
Figure 27. Possible location for LINEsm Analysis Project on the East Coast based on available university data. 


