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Presenter
Presentation Notes
This talk provides motivation for and uses of large scale geophysical data coverage in Alaska.
In addition to data examples, current data coverage and challenges are shown.

The contributors listed help make this talk possible and are credited for the slides they made or assisted on in the notes.

Photo of 6190 meter Denali (formerly Mt. McKinley) on right and 5304 meter Mt. Foraker on left.  
The lowlands in the foreground area at an elevation of approximately 300 meters.
Photo by Abraham Emond


Why airborne geophysics?

 Mapping by DGGS

e Regional questions

 Mineral exploration targeting

* Infrastructure and environment
e “Modern” data coverage

e Survey planning/challenges



Alaska Division of Geological & %

Geophysical Surveys Mission

Powers and duties.

...Lhe state geologist may acquire, by gift or purchase, geological
and geophysical reports, surveys, and similar information...

More information at: http://dggs.alaska.gov/about-us/alaska-
statutes.php
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Collecting geophysical data is part of DGGS’ mission.


Large and Roadless
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Map of lower 48 United States with major roads overlain by map of Alaska with major roads.  
Same projection and scale used for each area.
This figure illustrates the limited road access for survey support in Alaska.

Figure by Gina Graham. 

--Alaska facts from http://dnr.alaska.gov/mlw/factsht/land_fs/land_own.pdf--
Area 375 million acres (580K sq mi; 1.5M sq km; 151M hectares)
60% Federally Owned
28% State Owned
12% Native Corporation Owned
<1% Private

--Alaska facts from www.alaska.org--
640 sq miles of land per mile of paved road
128 sq miles of land per mile of road

 


Excellent Exposure
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Sometimes mapping in Alaska is great.  

Photo of Travis Naibert, Alaska Range, 2016 Tok project. Photo by Lauren Lande.
White dot on inset Alaska map shows approximate location.
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Typical field conditions in Alaska mineral belts.

Top left: Photo of Mandy Willingham by Karri Sicard
Top Right: Phot of Alec Lockett by A Willingham
Bottom Right: Karri Sicard makes an outcrop, photo by A Wypych
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Starting point for DGGS to conduct geological field work includes:
Topographic map and other base layers
Magnetic, Electromagnetic (often), Radiometric Data (sometimes)
Pre-existing geological map

Figures and layout by Alicja Wypych
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Next step: plan field effort and conduct field data collection
Inset map of topographic map and field stations.

GPS enabled table running ArcGIS 
Geophysics and other geoscience and geographic data loaded as base layers  
Tablet used to record and draw field observations.  
Tablets are synchronized daily.  
Magnetic susceptibility meter used on all outcrops

Geologist: Karri Siccard 
photo by Travis Naibert
Inset map by Alicja Wypych
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Pre-field interpretation of geophysical data. 
Left side: electromagnetic data with conductive areas outlined
Right side: working geologic map

Slide courtesy of Alicja Wypych
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Example interpretation process using geophysics by DGGS staff.
1)Start with the magnetic data
2)Collect field sample and record location
3)Perform analysis of rock sample
4)Create an interpretation and map a unit with geophysics

Sourced 30km deep!

Slide courtesy of Alicja Wypych. 


Updated Geologic Map
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End result is an updated geologic map and published supporting geologic data such as geochemistry

Geologic Map of the Tok River Area, Tanacross A-5 and A-6 Quadrangles, Eastern Alaska Range, Alaska

http://doi.org/10.14509/29722


Magnetic and Electromagnetic Data - Intrusions
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Four intrusions are outlined in the magnetic and resistivity data (electromagnetic data).

Merged Magnetic and 7200 Hz Apparent resistivity grids of: �S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills surveys

Data can be obtained here:
http://dggs.alaska.gov/geophysics/index.php

Merged grids of several areas are available in the continually updated DDS-12 publication http://doi.org/10.14509/29555


Magnetic and Electromagnetic Data - Faults
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The Iditarod-Nixon Fork Fault is drawn on the magnetic and resistivity data (electromagnetic data).

Merged Magnetic and 7200 Hz Apparent resistivity grids of: �S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills surveys

Data can be obtained here:
http://dggs.alaska.gov/geophysics/index.php

Merged grids of several areas are available in the continually updated DDS-12 publication http://doi.org/10.14509/29555


Magnetic and Electromagnetic Data — Volcanic Rocks
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Two areas of volcanic rocks are outlined in the magnetic and resistivity data (electromagnetic data).

Merged Magnetic and 7200 Hz Apparent resistivity grids of: �S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills surveys

Data can be obtained here:
http://dggs.alaska.gov/geophysics/index.php

Merged grids of several areas are available in the continually updated DDS-12 publication http://doi.org/10.14509/29555
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Zooming in on previous grids

Left side: SPOT5 Imagery. 
Right Side: Apparent resistivity grid

Area with good amount of vegetation.

Clear folds and stratigraphy are visible in the rectangle

Several Reidel shears visible near marked east-west line

Arrows label Nixon-Iditarod Fault

Merged Magnetic and 7200 Hz Apparent resistivity grids of: �S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills surveys

Data can be obtained here:
http://dggs.alaska.gov/geophysics/index.php

Merged grids of several areas are available in the continually updated DDS-12 publication http://doi.org/10.14509/29555


Magnetic and Electromagnetic Data — Folds & Shears
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Left side: magnetic data
Right side: apparent resistivity grid from electromagnetic data

Clear folds and stratigraphy are visible in the rectangle

Several Reidel shears visible near marked east-west line

Arrows label Nixon-Iditarod Fault

Merged Magnetic and 7200 Hz Apparent resistivity grids of: �S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills surveys

Data can be obtained here:
http://dggs.alaska.gov/geophysics/index.php

Merged grids of several areas are available in the continually updated DDS-12 publication http://doi.org/10.14509/29555
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Top: magnetic data
Middle: apparent resistivity grid (electromagnetic data)
Bottom: Thorium – percent Potassium ratio radiometric data

Three intrusive bodies are outlined and four areas of faulting are drawn on the data.  Part of the western intrusion (smaller dashed ellipse) has elevated Thorium making this area a new REE exploration target.  Each data type is sensitive to different physical properties allowing a combined interpretation to be made including pluton classification.

Abraham Emond (slide and figures) , Steve Masterman (editor)

Data are from Farewell Survey





1) State- e /“\«.
funded — G TR ;‘T-;ﬁ":,:;'smucmk
magnetic &
and EM
surveys ._

ST

2) Industry modeling |
and inversions kol

3) Drilling

Shorty Creek Cu-Au
Porphyry Discovery 4) Cu-Au
Freegold Ventures Limited ! . A
Mineralization


Presenter
Presentation Notes
Freegold’s process for their Shorty Creek discovery
1)DGGS EM and Mag survey 
2)DGGS data used for targeting and ground geology, geochem, geophysics planning
3)Drilling results on 3D magnetic susceptibility model shown, used for targeting
4)Chalcopyrite in core

Data and Images Compiled by Melanie Werdon


-Freegold Ventures drilled 7 holes, totaling 2,768 m at their Shorty Creek intrusion-related copper-gold-molybdenum property.
-At “Hill 1835,” one hole intersected 360 m of 0.24% Cu and 4.04 g of Ag/tonne.

http://www.freegoldventures.com
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White Rock Minerals path to discovery
1)DGGS geological and geophysical data 
2)Industry modelling and targeting, secondary products created including a resistivity model
3)White Rock expands their claims significantly
4)Follow up geology and geophysics
5)Drilling
6)Mineralizatoin

Top Map: DGGS geologic map with expanded claim block and target areas
2nd Map: Industry generated targets and conductivity model, 40 meters depth.  The conductivity model was created by inversion of DGGS Bonnifield electromagnetic data
Middle : Surface mineralization
4th : CSAMT inversion results with borehole data
Bottom Right: mineralized core

Information and figures from:
Rohan Worland
ASX and Media Released: 1, 6, and 20 August 2018
ASX Code: WRM

http://www.whiterockminerals.com.au/projects/red-mountain-project/


Resistivity, Temperature, Depth of Investigation
Electromagnetic Data
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Till resistivity values from Finland

From:

Electrical Resistivity Study of Permafrost on RidnitSohkka Fell in, Northwest Lapland, Finland, Heikki Vanhala, Petri Lintinen and Antti Ojala
Geological Survey of Finland, Betonimiehenkuja 4, FIN-02150 Espoo, Finland
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Left side: figure of till resistivity values versus temperature from Finland
Resistivity increases orders of magnitude near freezing as temperature decreases. This trend is true for other materials

As resistivity decreases depth of investigation also decreases.
 
Much of Alaska has below-freezing ground temperatures.  
As the ground temperature warms and more free water becomes available subsurface resistivity will decrease.
Thawed areas create conductive anomalies.
Decreased bulk resistivity means decreased depth of investigation. 

Till resistivity value figure from below paper and figure number:

Fig. 2. Effect of temperature and freezing on the resistivity of till samples from Ridnitšohkka fell. Samples are from 2004 and 2005. The curve “theoretical water” is calculated after Keller and Frischknecht, 1966. 

Electrical Resistivity Study of Permafrost on Ridnitšohkka Fell in, Northwest Lapland, Finland, Heikki Vanhala, Petri Lintinen and Antti Ojala
Geological Survey of Finland, Betonimiehenkuja 4, FIN-02150 Espoo, Finland
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Areal view of project area.
Pipeline crosses middle of figure.
Area of manageable slope instability along Trans Alaskan Pipeline (bright line), few hundred meters in length.
Approximate area State of Alaska wants to re-open for mineral entry (polygon)
Old placer mining disturbances visible in valley bottom.

Why is the slope/pipeline moving?

What land can be opened to mineral entry
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Airborne electromagnetic data collection along lines shown
Lines are about 1.5 km long

A variety of surface and subsurface data were available to DGGS from Alyeska

EM data:
Emond, A.M., Daanen, R.P., Graham, G.R.C., Walter Anthony, Katey, Liljedahl, A.K., Minsley, B.J., Barnes, D.L., Romanovsky, V.E., and CGG Canada Services Ltd., 2018, Airborne electromagnetic and magnetic survey, Goldstream Creek watershed, interior Alaska: Alaska Division of Geological & Geophysical Surveys Geophysical Report 2016-5, 14 p. http://doi.org/10.14509/29681
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Resistivity model grid at surface
Resistivity color bar


Data collected in March, expected surface layer to be resistive as frost depth 1-2 meters 

Data shown are:
Resistivity model “workbench_sci” in data packages “goldstream-gp-kmz” and “goldstream-gp-resistivity-models”

Emond, A.M., Daanen, R.P., Graham, G.R.C., Walter Anthony, Katey, Liljedahl, A.K., Minsley, B.J., Barnes, D.L., Romanovsky, V.E., and CGG Canada Services Ltd., 2018, Airborne electromagnetic and magnetic survey, Goldstream Creek watershed, interior Alaska: Alaska Division of Geological & Geophysical Surveys Geophysical Report 2016-5, 14 p. http://doi.org/10.14509/29681
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11 meters depth grid (or depth slice) of resistivity models
No surprise that there is a decrease in resistivity at area of instability
Temperature data track resistivity
Geophysics maps unstable area laterally, caused by permafrost degradation.
Valley bottom has stable cold permafrost

Data shown are:
Resistivity model “workbench_sci” in data packages “goldstream-gp-kmz” and “goldstream-gp-resistivity-models”

Emond, A.M., Daanen, R.P., Graham, G.R.C., Walter Anthony, Katey, Liljedahl, A.K., Minsley, B.J., Barnes, D.L., Romanovsky, V.E., and CGG Canada Services Ltd., 2018, Airborne electromagnetic and magnetic survey, Goldstream Creek watershed, interior Alaska: Alaska Division of Geological & Geophysical Surveys Geophysical Report 2016-5, 14 p. http://doi.org/10.14509/29681
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11 meters depth grid (or depth slice) of resistivity models
No surprise that there is a decrease in resistivity at area of instability
Temperature data track resistivity
Geophysics maps area laterally
Permafrost degradation 
Valley bottom has stable cold permafrost


Data shown are:
Resistivity model “workbench_sci” in data packages “goldstream-gp-kmz” and “goldstream-gp-resistivity-models”

Emond, A.M., Daanen, R.P., Graham, G.R.C., Walter Anthony, Katey, Liljedahl, A.K., Minsley, B.J., Barnes, D.L., Romanovsky, V.E., and CGG Canada Services Ltd., 2018, Airborne electromagnetic and magnetic survey, Goldstream Creek watershed, interior Alaska: Alaska Division of Geological & Geophysical Surveys Geophysical Report 2016-5, 14 p. http://doi.org/10.14509/29681
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Final figure of Treasure Creek Study area.  LiDAR hillshade image showing area of potential instability based (shaded area) on analysis in this study.

Instability caused by degrading permafrost
NO evidence of deeper shear zone, landside problem

DGGS recommended no surface or subsurface disturbance should take place in buffer as these disturbances accelerate permafrost degradation



Bonnifield Mining District Geophysical Survey

V4 L] o .
O I I I I l e | u I C a t I O I I The Bonnifield electromagnetic and magnetic airborne geophysical survey data were Adjacent Surveys o Merged Data
acquired in 2006 and 2007 with a DIGHEM-V Electromagnetic (EM) system and a

cesium magnetometer. Aeromagnetic and electromagnetic data were acquired for 613 sq = Liberty Bell, Western Bonnifield Minin
miles during the helicopter-based survey. These new data were combined with a District
. 2 O 1 7 d O W n I O a d S geophysical survey of the Liberty Bell area released in 2002 by DGGS. The merged grids = = Bonnifield Mining District
and maps are included in this dataset.
Available Data Overview Metadata
e 11,296 dat k
4 a a a C a e File Name Data File Format Download File Size

bonnifield-geophys-video-flightpath Video Order 205G

® 9 6 ) 6 7 7 P D FS bonnifield-geophys-vector-data Vector data Download 569.7 M

bonnifield-geophys-maps-prn-format Plot files Download 1525 M

o lla I | ” d a t a re u e St S bonnifield-geophys-db-geosoft Line data Geosoft format database Download 276.3 M
q bonnifield-geophys-grids-geosoft Gridded data Geosoft format Download 56.5 M
o o bonnifield-geophys-grids-ermapper Grid ERS files Download 925M

I n t e ra Ct I Ve m a p bennifield-geophys-kmz Google Earth files Download 701.0K
bonnifield-geophysics-images Georeferenced raster files Download 533 M

Download 220M

Airborne GeophysWeb Downloed  138.8 M

Download 148.6 M
[ Download CSVY ] [Help] Downloa

Download 601.8 M
Enter survey name, type, or other Search Info

Border Image Layer
Current Surveys
H-Mag (Helicopter Magnetics)
FW-Mag (since 1993) (Fixed-
Wing Magnetics)
H-FDEM Apparent Resistivity

(Helicopter Frequency-Domain
Electromagnetics)

H-Rad (Helicopter Radiometrics)

Adak
Afognak
Ambler River
Amukta

%o,
Sort by: [Best Match | Reset \'x,?_GfCAL&G&O"#
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DGGS has approximately 33% of our “modern” geophysical data available for download in digital data packages

2017 Downloads from users and bots 
Digital data packages 11,296 
PDFs 95,677

Lower figure: DGGS GP web interactive map data search tool
Upper figure: Example D3 data package page

Several recent requests for “all” digital data.


Modern Magnetic Data Coverage

Percent of Alaska
16%
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Collected by helicopter and fixed wing aircraft.
300 m to 1600 km line spacing


Magnetic Data with ACCEPTABLE Ranking by USGS

Percent of Alaska
1.7%
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USGS funded, DGGS managed, fixed-wing aircraft collected, magnetic surveys
300 m line spacing, Porcupine to the north 
500 m line spacing with measured horizontal gradients, Tanacross, 2 part survey to the south
Total cost ~$1M


Electromagnetic Data Coverage

Percent of Alaska
6%
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Collected by helicopter
Frequency domain
Primarily 400 m line spacing
Primarily DIGHEM system
Some RESOLVE system
Total cost ~$20M


Radiometric Data Coverage

Percent of Alaska
1%
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Collected by helicopter at 400 m line spacing
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Fixed-wing aircraft with wingtip and tail magnetometers, photo by Gina Graham. 
Helicopter with electromagnetic DIGHEM bird.
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Data resolution grid of magnetic data collected using a fixed wing aircraft.  Data resolution based on ground clearance.  CGG provided ground clearance grid for 5% climb/descent rate.

Clearance in meters followed by resolution ranking 
        < 200     good  
         200-500    fair  (acceptable)  
         500-1000   fair 
         >1000    poor 

parenthesis indicate original 4 tier ranking

Preliminary ranking created by Abraham Emond based on DGGS’ data requirements.
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Data quality for CGG TEMPEST system using a fixed wing aircraft for data colelction. Data quality based on ground clearance.  CGG provided ground clearance grid for 5% climb and 5% descent rates.


Clearance in meters followed by data quality
           <200     good
           200-275   fair (acceptable)
           275-380   fair
          >380   unacceptable

parenthesis indicate 4 tier ranking

Primary data quality ranking provided by CGG.
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Radiometric data quality data collected using a fixed wing aircraft.  Data quality based on ground clearance.  CGG provided a ground clearance grid for 5% climb/descent rate.

5% “drape map” ground clearance grid provided by CGG 


Clearance in meters
        < 160     good
         160-200   fair (acceptable)
         200-280   fair (poor)
        >280   unacceptable

parenthesis indicate 4 tier ranking

Radiometric data quality rank provided by Eon Geosciences.  CGG agreed with Eon Geosciences ranking.




Presenter
Presentation Notes
Reminder of the challenges
Top: Alaska and lower 48 United States with major roads
Bottom: View of Alaska Range from Denali Highway by Abraham Emond



Thank You

contributors: Gina Graham, Alicja Wypych, Melanie Werdon, Steve Masterman, and DGGS staff
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Photo by Abraham Emond of Yukon River at Slaven’s Roadhouse and the gold producing Coal Creek (entering phot on far right) 


"NOAA GRAV-D Data for Geolog
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Alaska does not have the excellent ground gravity station network the lower 48 does.

Preliminary product of all released data by NOAA as of January 2018.  Free Air Disturbance Map by Paul Gettings.

Figure by Gina Graham and Abraham Emond

GRAV-D, one of the main AMEC data themes to date, now has applications beyond just improving the reference frame that supports elevation data (which is why is was an AMEC priority originally). The potential use of these data in natural resource exploration is a great example of how new data in Alaska can go further than it's original intent, and how new investments in Alaska data through AMEC have the potential to pay extra dividends down the road.

For DGGS gravity is another important statewide data set that should be useful to a variety of users.  The GRAV-D data are attractive to DGGS for their excellent coverage and consistency compared to other existing gravity data.  These data are coarse so they are not necessarily used for direct exploration. They should provide information that will help hydrocarbon and mineral resource explorers develop a better regional understanding of their study areas.


AK15 Statewide Magnetic Grid
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DGGS will publish this statewide magnetic grid in 2018.  AK15 was created by Rick Saltus. Figure by Gina Graham


Modern Airborne Geophysical Data Coverage
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Alaska Division of Geological & Geophysical Surveys 400 meter (m) line spacing airborne geophysical data covers over 60,000 square kilometers.   These data are electromagnetic and magnetic data.  Some surveys have radiometric data.

Significant fixed wing airborne magnetic data exists and includes state funded and managed, state managed and federally funded, and federal managed and funded.

State Funding Sources:
AGGMI:
State funding is from the Alaska Geophysical/Geological Mineral Inventory program (AGGMI) and the Alaska Strategic & Critical Minerals program.
Infrastructure:
Alaska Gas Pipeline Corridor Geologic Hazards and Resource Evaluation FY2005 Supplemental

“Federally Funded” for the Helicopter surveys is from Bureau of Mines and Bureau of Land Management Minerals Program  Mineral District Studies has a component of State funding and in some cases local government funding

Native corporations and private industry have contributed supplementary funds for data collection as part of the AGGMI program  

DGGS acknowledges the support of the State legislature, the Alaska Miners Association, Private Industry, and Native Corporations for the AGGMI program


Magnetic Data with ACCEPTABLE Ranking by USGS

Percent of Alaska
1.7%
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Ranking for targeting Strategic and Critical mineral resources


Resistivity and Magnetic Data Composite Map:
S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills
surveys
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Apparent resistivity map with areas of strong positive and negative magnetic response highlighted by making apparent resistivity 50% transparent over magnetic grid.


Resistivity and Magnetic Data Composite Map:
S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills
surveys
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The right-lateral Iditarod-Nixon Fork Fault and smaller faults are labeled.  The USGS reports approximately 90 kilometers (km) of offset in the Iditarod-Nixon Fork Fault. Volcanic rocks A and B have similar magnetic signatures and are offset by 90 km.  Large areas of combined surveys allow for large scale observations and detailed analysis of smaller scale features.  The combination of the magnetic and resistivity data increases our interpretation ability.


Resistivity and Magnetic Data Composite Map:
S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills
surveys
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Clear folds and stratigraphy are visible in the hexagon. 


Resistivity and Magnetic Data Composite Map:
S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills
surveys
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The oval outlines a release bend and offset of Iditarod-Nixon Fork Fault.


Resistivity and Magnetic Data Composite Map:
S. Dishna, Iditarod, Beaver Creek, Sleetmute, Aniak, and Fox Hills
surveys
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Presentation Notes
Reidel shears are marked by SE trending lines and are visible adjacent to those lines.
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Presentation Notes
Underlying geology probably visible from 39 meters and deeper

Resistivity model “workbench_sci” in data packages “goldstream-gp-kmz” and “goldstream-gp-resistivity-models”

Emond, A.M., Daanen, R.P., Graham, G.R.C., Walter Anthony, Katey, Liljedahl, A.K., Minsley, B.J., Barnes, D.L., Romanovsky, V.E., and CGG Canada Services Ltd., 2018, Airborne electromagnetic and magnetic survey, Goldstream Creek watershed, interior Alaska: Alaska Division of Geological & Geophysical Surveys Geophysical Report 2016-5, 14 p. http://doi.org/10.14509/29681
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