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FOX HILLS ELECTROMAGNETIC AND MAGNETIC AIRBORNE GEOPHYSICAL
SURVEY DATA COMPILATION
L.E. Burns, GR.C. Graham, J.D. Barefoot, TJ. Naibert, CGG, and Fugro Airborne Surveys Corp.

ABSTRACT

The Fox Hills survey is one of several geophysical surveys, collectively known as the Five Spot project
(Southern Dishna River, Beaver Creek, and Fox Hills surveys), located in the Iditarod-Innoko and Aniak
mining districts, which is about 575 km southwest from Fairbanks, Alaska. Frequency domain
electromagnetic and magnetic data were collected with the DIGHEM" system from September to
November 2012. A total of 1538.2 line kilometers were collected covering 529.5 square kilometers for the
Fox Hills survey. Line spacing was 400 meters (m). Data were collected 30 m above the ground surface from
a helicopter towed sensor platform (“bird”) on a 30 m long line.

PURPOSE

This airborne geophysical survey is part of a program to acquire data on Alaska’s most promising
mineral belts and districts. The information acquired is aimed at catalyzing new private-sector exploration,
discovery, and ultimate development and production. The purpose of the survey was to map the magnetic
and conductive properties of the survey area. The Iditarod-Innoko and Aniak mining districts have a history
of placer mining, and the discovery of the Donlin Gold lode deposit, 40 kilometers (25 miles) to the
southwest, has kept mining activity in the region high. Other gold and base-metal anomalies, altered zones,
favorable lithologies, and structural zones are known to exist throughout the survey area.

SURVEY OVERVIEW DESCRIPTION

This document provides an overview of the survey and includes text and figures of select primary and
derivative products of this survey. A table of digital data packages available for download is provided to assist
users in data selection. For reference, a catalog of the available maps is presented in reduced resolution.
Please consult the metadata, project report, and digital data packages for more information and data.
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AVAILABLEDATA
Data Type Provider Description
ascii_data contractor ASCll format line data, other ASCIl data
Geosoft format database of final line data, other
databases_geosoft contractor
Geosoft format databases
Project and field reports, survey background
documents contractorand DGGS  information, gridded data explanations, other
documentation
: Geographically registered gridded data, ER Mapper
grids_ermapper contractor ERS format
Geosoft-format grids, these grids can be viewed in
grids_geosoft contractorand DGGS  ESRI ArcMap using a free plugin from Geosoft or the
free viewer available from Geosoft
images_registered DGGS GeoTiff format images of all gridded data
keyhole markup language (kml) kmz archive files of
kmz DGGS project data. Viewable in Google Earth and other
compatible programs
maps_pdf_format contractor Printable maps in pdf format
Printable maps in HPGL/2 printer file format with
maps_prn_format contractor .
extension .prn
Distance-based profiles of the digitally recorded
geophysical data are generated and plotted at an
profiles_stacked contractor appropriate scale. The profiles display
electromagnetic anomalies with their respective
interpretive symbols. Printable in pdf format
Line path, data contours, and survey boundary in
vector_data contractorand DGGS  ESRI shapefile (SHP) format, ESRI Geodatabase
format, and/or AutoCAD dxf format
video_flightpath contractor Survey flight path downward facing video
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Figure 1. Fox Hills electromagnetic and magnetic airborne
geophysical survey location shown in western Alaska (inset). Fox
Hills survey area shown with adjacent DGGS geophysical surveys,
landmarks, relevant 1:250,000-scale quadrangle boundaries,
mountain ranges, rivers, glaciers, and elevation hillshade.
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Figure 2. Flight path with orthometric image.
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Figure 3. The magnetic total field data were processed using digitally recorded data from a Fugro D1344 magnetometer with a Scintrex
CS3 cesium sensor. Data were collected at a sampling interval of 0.1 seconds. The magnetic data were (1) corrected for diurnal variations by
subtracting the digitally recorded base station magnetic data, (2) IGRF corrected (IGRF model 2010, updated for date of flight and altimeter
variations), (3) leveled to the tie line data, and (4) interpolated onto a regular 80 m grid using a modified Akima (1970) technique.
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Figure 4. The magnetic total field data were processed using digitally recorded data from a Fugro D1344 magnetometer with a Scintrex
CS3 cesium sensor. Data were collected at a sampling interval of 0.1 seconds. The magnetic data were (1) corrected for diurnal variations by
subtracting the digitally recorded base station magnetic data, (2) IGRF corrected (IGRF model 2010, updated for date of flight and altimeter
variations), (3) leveled to the tie line data, (4) a constant value of approximately 55,000 nT was added to all data, and (5) interpolated onto a
regular 80 m grid using a modified Akima (1970) technique.
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Figure 5. The first vertical derivative grid was calculated from the diurnally-corrected, IGRF-corrected total magnetic field grid using a
FFT base frequency domain filtering algorithm. The resulting first vertical derivative grid provides better definition and resolution of near-
surface magnetic units and helps to identify weak magnetic features that may not be evident on the total field data.
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Figure 6. Analytic signal is the total amplitude of all directions of magnetic gradient calculated from the sum of the squares of the three
orthogonal gradients. Mapped highs in the calculated analytic signal of magnetic parameter locate the anomalous source body edges
and corners (such as contacts, fault/shear zones, etc.). Analytic signal maxima are located directly over faults and contacts, regardless of
structural dip, and independent of the direction of the induced and/or remanent magnetizations.
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Figure 7. The tilt derivative is the angle between the horizontal gradient and the total gradient, which is useful for identifying the depth
and type of source. The tilt angle is positive over the source, crosses through zero at, or near, the edge of a vertical sided source, and is
negative outside the source region. It has the added advantage of responding equally well to shallow and deep sources and is able to

resolve deeper sources that may be masked by larger responses from shallower sources.
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Figure 8. The DIGHEMY EM system measured inphase and quadrature components at five frequencies. Two vertical coaxial coil-pairs
operated at 1000 and 5500 Hz while three horizontal coplanar coil-pairs operated at 900, 7,200, and 56,000 Hz. EM data were sampled at
0.1 second intervals. The EM system responds to bedrock conductors, conductive overburden, and cultural sources. Apparent resistivity is
generated from the inphase and quadrature component of the coplanar 56,000 Hz using the pseudo-layer half space model. The data were
interpolated onto a regular 80 m grid using a modified Akima (1970) technique.
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Figure 9. The DIGHEMY EM system measured inphase and quadrature components at five frequencies. Two vertical coaxial coil-pairs
operated at 1000 and 5500 Hz while three horizontal coplanar coil-pairs operated at 900, 7,200, and 56,000 Hz. EM data were sampled at
0.1 second intervals. The EM system responds to bedrock conductors, conductive overburden, and cultural sources. Apparent resistivity is
generated from the inphase and quadrature component of the coplanar 7,200 Hz using the pseudo-layer half space model. The data were
interpolated onto a regular 80 m grid using a modified Akima (1970) technique.
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Figure 10. The DIGHEM' EM system measured inphase and quadrature components at five frequencies. Two vertical coaxial coil-pairs

operated at 1000 and 5500 Hz while three horizontal coplanar coil-pairs operated at 900, 7,200, and 56,000 Hz. EM data were sampled at

0.1 second intervals. The EM system responds to bedrock conductors, conductive overburden, and cultural sources. Apparent resistivity is

generated from the inphase and quadrature component of the coplanar 900 Hz using the pseudo-layer half space model. The data were

interpolated onto a regular 80 m grid using a modified Akima (1970) technique.
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Table 1. Copies of the following maps are included at the end of this booklet. The low-resolution, page-size maps included in this booklet are intended to be used as a search tool
and are not the final product. Large-scale, full-resolution versions of each map are available to download on this publication’s citation page: http://doi.org/10.14509/29820.

Map Title

Description

foxhills_residualmag_topo_map.pdf

residual magnetic intensity grid with topographic base map

foxhills_residualmag_contours_plss_map.pdf

residual magnetic intensity grid with data contours and public land survey system base layer

foxhills_calculated1vd_topo_map.pdf

calculated first vertical derivative of the residual magnetic intensity grid with topographic base map

foxhills_analyticalsignal_topo_map.pdf

analytic signal grid with topographic base map

foxhills_analyticalsignal_contours_plss_map.pdf

analytic signal grid with data contours and public land survey system base layer

foxhills_tiltderivative_contours_topo_map.pdf

magnetic tilt derivative grid with data contours and topographic base map

foxhills_residualmag_shaded_tiltderivative_contours_topo_map.pdf

shaded residual magnetic intensity grid with tilt derivative data contours and topographic base map

foxhills_res56k_topo_map.pdf

56,000 Hz apparent resistivity grid with topographic base map

foxhills_res56k_contours_plss_map.pdf

56,000 Hz apparent resistivity grid with data contours and public land survey system base layer

foxhills_res7200_topo_map.pdf

7,200 Hz apparent resistivity grid with topographic base map

foxhills_res7200_contours_plss_map.pdf

7,200 Hz apparent resistivity grid with data contours and public land survey system base layer

foxhills_res900_topo_map.pdf

900 Hz apparent resistivity grid with topographic base map

foxhills_res900_contours_plss_map.pdf

900 Hz apparent resistivity grid with data contours and public land survey system base layer

foxhills_interpretation_plss_map.pdf

interpretation based on the geophysical data with public land survey system base layer

foxhills_interpretation_residualmag_plss_map.pdf

interpretation based on the geophysical data with residualmagnetic intensity grid and public land survey system
base layer

foxhills_emanomalies_residualmag_detailed_topo_map_10of2.pdf

detailed electromagnetic anomalies with residual magnetic intensity grid and topographic base map

foxhills_emanomalies_residualmag_detailed_topo_map_20f2.pdf

detailed electromagnetic anomalies with residual magnetic intensity grid and topographic base map
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Spading of a quartar of a i T lines varotiona), 3) leveled to the te fne doto, ond (4) and 2013. Previously Tlown DGGS surveys adjacent
Were flown perpendicular to the ignt s intorpalied onfo o regular 80 m grd using & modifed o"tne currant survey aro snown’in the location
at intervals of approximately 3 Akima (1970) techmquc All grids were Qhen resompled p by dashed lin e of
th Cell Size down o o 25 m cel size o Dubleotion: The-project wae furied by The. osks Stota
A Novatel OEM4—G2L Global Positioning System Dreduce iha. Mops. hd oal ands corkained i inis {egisiature. o5 part of the Alosko Arborne Geophysical
vos“Used for novigation. The naicopie? pastion Publication. Tha first verical derivative arid wos and. Geological Mineral Inventory Program:
Gifferantial pogitomig o q relative aicuracy e e ey formean o et o Al data and maps produced to date from this survey
Flight ‘path positions were COLOR BAR HISTOGRAM The Tesuling frst verical denveine grid provides. betlsr gre avalable in digital format on DVD. for o nominal fee
projected onto the Clarke 1866 (UTM zone 4) e e o, o maarsurtoce ragnetc it through | DGGS. 3354 College Road, Fairbanks, Alaska,
v Ta57 Narth American catum waing Approximatey 9B% of tho it vertol darvoti of tno definiion and. resaluton of nearsurface magnetic unt 5707, ‘and are downloadabia for frse from tha
central_meridian (CM) of 159", o north constant magnetic field for the Fox Hills Survey Area b b Pevidant am the Sotol fo Gata Y DECS webate (www.dggs.alaska.gov/pubs). Maps are
of ne ast constant of 500,0¢ Positional dataset lie within the range displayed on the color also available on paper through the DGGS office, and
ggeurscy of the presented dofo s better than bar, Data values actual e from —13.931 nT/m ‘“’”{in: i 70 & o rethad of Interpalatlon and smooth curve are viewable online at the website in Adobe Acrobat .PDF
b R IR A file Tormat.

10m with respect to the UTM gri: (dark blue) to about 11.318 nT/m (magenta).
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The geophysical duta were acquired with o DIGHEMY
Electromagnetic (EM) system ond o Fugro D1344

cesium magnetometer with o Scintrex CS3 cesium
sensor. The EM and magnetic sensors were SURVEY HISTORY
flown ot @ height of 100 feet. In addition the y
Survey recorded data from radar and laser This map has been compiled and drawn under contract
Altmetera. GRS navigation syetern, S0/60 Hz betwaen tho State of Alagka, Department of Netural
onttors’ and videe comera. Flights. were Resources, Division of Geological & Geophysical Surveys
performed with an AS=350-83 Squirrel helicopter (DGGS), "and. Fugto Gessarvices, e, Arborne
mean_terrain clearance of 200 feet geophysical data for the area were acquired_and
Slong_Nwoge 7545 aurvey flight Tinea_with o processed by Fugro Aitborne Surveys Corp. in 2012
spacing of a quarter of a mile. Tie' lin and 2013, Previously flown DGGS surveys adjdcent
were flown perpendiculor_ to the flight s to the current survey are shown in the location
at intervals of approximataly 3 map shed lines, survey name, and date of
publication. The project was funded by ihe Alosko State
A Novotel OEM4~G2L Globol Posliioning System ANALYTIC SIGNAL Choisiotire. o oot the Amie’ Avborne Geaphysiost
yag used for novigation, The neliceptel position Anslytc_signal s the total ampltude of all directons of and Geological Nineral Inventary Frogram.
differential_positioning to a relative accuracy o magnetic_gradient calculated from the sum of the All data and maps produced to date from this survey
etter thon Sm. Filght poth positions wer squares of the three orthogonal gradients. Mapped highs are ovailable in digital format on DVD for @ nominal fee
projected onto the Carke 1566 (UTM zone. 4) in the calculoted anaytic signal of magnetic parometer roush 0665, 3354 Calage Road. Fbarks, Asi,
ety T857 Narth Americon daturm uein locate the onomolous source body edges and corners 3707, ‘and are downloadabls for free from tha
central meridian (CM) of 159", rtt t (eg., contacts, fault/shear zones, etc). Analytic signal DGGS website (www.dggs.alaska.gov/pubs). Maps are
o7 0 an ‘Sast constant of ‘500,000, Positional maxima_are located directly over foults and contacts, also available on paper through the DGGS office, and
ggeurscy of the presented dofo s Be regardless of structural dip, and independently of the are viewable onfine ot the website in Adobe Acrobat .PDF

10m with respect to the UTM gri: dirgetion of the induced and/or remanent magnetizations. file format.
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The geophysical data_were acquired with o DIGHEMY 2013
Electromagnetic (EM) system and o Fugro D1344
sensor. The EM and magnetic sensors were SURVEY HISTORY
Town ot o reighe ef 100 fest. 1 odgiion tha Tie map hos been campiled and dran under contract
survey recerded dato from redor ond loser oo St A S e ot Sekore
altimetera. GRS navigation system, $0/60 iiz Recearrea Bribon of Gosigial & Sorpgsica Suniye
performed with an AS—350—B3 Squirrel helicopter (DGGS). and Fugro GeoServices, Inc. Airborne
T A 2oy Sl helieopter e Sata o GeoServices. Inc. fursorn
along NW—SE (34Q") survey flight lines with o processed by Fugro Airborne Surveys Corp. in 2012
spacing of a quarter of a mile. Tia lina: and 2013. Previously flown DGGS surveys adjacent
RS Rt perdendioiion 16 M gt ins i Cirtare S as Sown e Sosaian
T R, PEPsTSI T ks e g 0,59 ST ey Sre, Shown i e leeaen
A Novatel OEM4—G2L Global Positioning System ANALYTIC SIGNAL ANALYTIC SIGNAL CONTOURS publcoton Tre project vos furded by e Aocko Stote
voe aed jor novigatien. The nalicoptel hosition Analytic signal s the total ampiitude of all directions of . 050 T/metre and Geological Mineral Inventory Program.
differential positioning to a relative accuracy of magnetic gradient calculated from the sum of the All data and maps produced to date from this survey
etter than 5m. Flight path positions were squares of the three orthogonal gradients. Mapped highs 0.10 aT/mets are ovailable in digital format on DVD for a nominal fee
Projected onto the Crarke 1886 (UTM zens 4) in the calculated analytic signol of magnetic parameter _— 10 nT/metre through DGCS, 3354 College Road, Fairbanks, Alaska,
central rmeridian (CM) of 158" a north conatant (e.g, contacts, foult/shear zones, eic.). Analytic signal 0.02 nT/metre DGGS website (www.dggs.alaska.gov/pubs). Maps are
of ne east constant of 500,0 Positional maxima dre located directly over faults and contacts, also available on paper through the DGGS office, and
Gocuracy of the presented data is bef regardless of structural dip, and independently of the are viewable online at the website in Adobe Acrobat .PDF
- 0.01 nT/metre file format.

10m with respect to the UTM grid. direction of the induced and/or remanent magnetizations.
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The geophysical duta were acquired with o DIGHEMY
Electromagnetic (EM) system ond o Fugro D1344

?\EHSD .( - EM ane ‘rgg s t‘ \sendsdats w?;e SURVEY HISTORY

Pitors’ and video Sra. Flights  were Resources, Division of Geological & Geophysical Surveys
el s o =S B el ey WAGKETIC TLT ERYATIVE CONTOURS:
along NW—SE (340°) survey flight lines with o

processed by Fugro Airborne Surveys Corp. in 2012
spocing of a quartar of a mila. Tia lines
were flown perpendicular to the flight lines
milas.

It L 445 degrees
at intervals of approximataly 3

MAGNETIC TILT DERIVATIVE

Tmap by’ dashed lines, survey name. and date o
A Novatel OEM4—G2L Global Pasitioning Systs - +30 degrees publication. The project was funded by the Alaska Stote
Vas Ueed for navigation- Tne helicopter pesition The tiit_derivaitive is the angle between the horizontal 15 degrees Legisioture s port of the Asko Arborne Geophysical
Wi i v D5 accands using posieflight radient & the total gradient, which is useful for e & g ry Progrom.
i erantian posioning 1o o roiative “abeiracy o eniing the depth & the of source. The i engle s Al data and maps produced to date from ks survey
an 5m. Flight poth positions were positive over the source, crosses through zero at, or _— 0 degrees are avaflable in digital format on DVD for @ nominal fee
projected onto the Clarke 1866 (UTM zone 4) neur{ the ?dge (c;‘f a vertical sw’ded‘ sﬁurca,‘ ungd w’i 15 4 thg»;ngghngGS, 3354 C:Heg‘e Rdold‘, 5mrt;anksf, A\:ls(k:‘
Soneroid, 1927 Nerth American dotum uaing a Regalive outside the Source region. It hoe. the edde - 15 dagres . owloodabla for frae from the
Coniral meridian (M) of 159 o morth conatant advantage. of responding =qually well to shaliow and DGGS websits (www.dags.alaska.qov/pubs). Maps are
5770 and Gy sdet consiant of ‘900,000, Fostion doep soirces ond T ble 1o revove Gesper Sources ot £-30 dagreen clso ovalable en e ihrougn e GG office and
Sccuracy of the presented dota is better than may be masked by larger responses from shalower are’viewable onine at the website In Adobe Acrobat
3m With respact 1o the UTM grid. aouress,

......... 45 degress flle format.
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The geophysical duta were acquired with o DIGHEMY
Electromagnetic (EM) system ond o Fugro D1344
cesium magnetometer with o Scintrex CS3 cesium
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survey recorded data from radar and laser RESIDUAL MAGNETIC FIELD This map has been compiled and drawn under contract
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performed with an AS—350-B3 Sauirrel helicopter re magnetic total fie were processed using ination: (DGGS), and Fugro GeoServices. Inc.

o mean terrain clearance of 200 feet digitally recorded goto FAT S hudr D134E Sun Inclination: 45 degrees MAGNETIC TILT DERIVATIVE CONTOURS geophysical data for the ares wers acquired and
Glong NW-SE (340") survey fight lines with o magretometer with o Scintrex CS3 cesium sensor. Do Processed by Fugro. Airborme Surveys Corp.
e et Serfendioion ta oo fioht Ines The magnetic data were (1) corrected for diurnal _— o £ e, Suirrent. Survey are shown i the Jobation
e intorvals "ot approsimately 3 milbs voratons by ‘sublocion or e Gy recored bote MAGNETIC TILT DERIVATIVE 0 degens o by Sashed ines! SirveyHamer ond date o1
A Novatel OEM4—G2L Global Positioning System 2010, Updated for date of fignt and altimeter e the andle boteen e heremtal PeSatrs o8 obr st e Al Arborne ‘Seeprysios
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Projocted onto the Clarie’ 1856 (0T sone- 4) from the 80 m cell Size down to 0 25 m cell s to near, the edge of o vertical sided source, and is through DGCS, 3354 College Road, Fairbanks, Alaska,
Spheroid, 1827 North Americon dotum using @ produce P bl negative outside the source region. It has the added _ 15 dagrosn 99709-3707, ‘downloadabla for free
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RESISTIVITY

The DIGHEM' EM system meosured inphase and
quadrature_components ot five frequencies_ Two vertical
Coaxial_coil—pairs operated at 1000 and 5500 Hz while
three horizontal_coplanar coil—pairs operated at 900,
7200 ond 56,000 Hz. EM dota were sompled ot 0.1
second intervals. The EM system responds o bedrock
Conductors, conductive overburden, and cultural sources.
Apparent resistivity is generated from the inphase and
quadrature component of the coplanar 56,000 Hz using the
seudo—layer half space model.

imerpolated onto o regular B0 m grid using o modified
Akima (1970) {echnique. All grids wers then resampled
from the B0 m cell size down to @ 25 m cell size to
produce the maps and final grids contained in this

publication.

A H.. 1870, A nev metnod f interpolaton ond smaoth curve
Tt 270 A e mated o ol o1 e Assecistion
S Camputing ‘Masmmers . 17, no. 4. 5. 5897502

SURVEY HISTORY

This map has been compiled and drawn under contract
betwsen tho Stats of Alaska, Department of Natural
Resources, Division of Geological & Geophysical Surveys
(BGGS): ond. Fugro GesServices, e, Arborne
geophysical data for the area were acquired and
processed by Fugro Aitborne Surveys Corp. in 2012

to the current survey are shown in the location

Legislature as part of the Alaska Airborne Geophysical
and Geological Mineral Inventory Program.
All data and maps produced to date from this survey
are available in digital format on DVD for @ nominal fee
throush DGCS, 335+ College Rodd, Fairbanks, Aluska,
d are downloadablé for free from tha
DGGS. waiatle (e dags aloskergor/ pabe. Maps are
also avallable on paper through the DGGS office, and
are viewable online at the website in Adobe Acrobat .PDF
flle format.
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RESISTIVITY

The DIGHEM' EM system meosured inphase and
quadrature_components ot five frequencies_ Two vertical
Coaxial_coil—pairs operated at 1000 and 5500 Hz while
three horizontal_coplanar coil—pairs operated at 900,
7200 ond 56,000 Hz. EM dota were sompled ot 0.1
second intervals. The EM system responds to bedrock
Conductors, conductive overburden, and cultural sources.
Apparent resistivity is generated from the inphase and

Akima (1970) {echnique. All grids wers then resampled
from the B0 m cell size down to @ 25 m cell size to
produce the maps and final grids contained in this

publication.
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SURVEY HISTORY
This map has been compiled and drawn under contract
betwsen tho Stats of Alaska, Department of Natural
Resources, Division of Geological & Geophysical Surveys
(BGGS): ond. Fugro GesServices, e, Arborne
geophysical data for the area were acquired and
processed by Fugro Aitborne Surveys Corp. in 2012

to the current survey are shown in the location

Legislature as part of the Alaska Airborne Geophysical
and Geological Mineral Inventory Program.
All data and maps produced to date from this survey
are available in digital format on DVD for @ nominal fee
throush DGCS, 335+ College Rodd, Fairbanks, Aluska,
d are downloadablé for free from tha
DGGS. waiatle (e dags aloskergor/ pabe. Maps are
also avallable on paper through the DGGS office, and
are viewable online at the website in Adobe Acrobat .PDF
flle format.
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