
INTRODUCTION
Two magnetic modeling studies were 

performed to assist with the geologic interpreta-
tion of the map area. A sub-regional unconstrained 
magnetic susceptibility model was produced to 
compare the depth extent of the magnetic intru-
sive rocks of the Taurus prospect area and the Pika 
and Fishhook prospect area. A series of forward 
magnetic models was created to determine the 
likely depth extent and dip of the amphibolite and 
serpentinite (MDlau) unit.

SUB-REGIONAL MODEL
The unconstrained magnetic inversion of the 

Northeast Tanacross map area was performed using 
MIRA Geoscience’s VPmg software resulting in a 
3D magnetic susceptibility model. The uncon-
strained model is a merge of a smaller, more 
detailed inversion and a larger coarser inversion 
using VPmg’s incision option. MIRA Geosciences 
provided technical support for creating the North-
east Tanacross map area model.

The detailed inversion model of the Northeast 
Tanacross map area has a horizontal cell size of 100 
meters by 100 meters and is 2 kilometers in depth 
extent. The input data for this model were from 
the DGGS Ladue survey (Burns and others, 2020). 
The final regional model was used as the starting 
model and basement for the map area inversion. 

The regional model extends between 18 
and 92 kilometers beyond the Northeast Tana-
cross map area as shown in figure 1. This model 
has a horizontal cell size of 1000 meters by 1000 
meters. The input data for the regional model was 
from the Alaska and Yukon magnetic compilation 
(Oneschuk and others, 2019). These data were 
upward continued to 500 meters by DGGS staff 

prior to performing the inversion. Three regional 
inversions with different starting models were 
calculated. The starting magnetic susceptibility 
was 100 x 10-3 SI, 10 x 10-3 SI, and 1 x 10-3 SI. A 
starting model of 10 x 10-3 SI was used for the final 
regional model.

Figure 2 shows an oblique view of the final 
Northeast Tanacross map area 3D model. The 
magnetic model is shown as a susceptibility shell 
with a value 17.5 x 10-3 SI that encloses modeled 
values greater than 17.5 x 10-3 SI. The suscep-
tibility shell is colored by elevation. Important 
prospects, magnetic geology, the project area, and 
select waterways are also included in figure 2. The 
modeled magnetic body is tens of kilometers in 
horizontal extent and 15 or more kilometers in 
depth, and extends to the south and below the 
Bluff and Taurus prospects as seen in figures 1 and 
2. In contrast, the Pika and Fishhook prospects sit 
on a smaller magnetic body that is a few kilome-
ters in horizontal and vertical extent. The regional 
models show a larger and deeper magnetic body 
associated with the Taurus prospect regardless of 
the starting magnetic susceptibility of the regional 
model. The root of the VABM Lode unit is also 
visible in figures 1 and 2. 

AMPHIBOLITE AND SERPENTINITE 
(MDlau) UNIT MODELS

A series of forward models were performed 
on the magnetic signature of the amphibolite 
and serpentinite (MDlau) unit shown in figures 1 
and 2. These forward models were performed to 
provide geometrical and orientation constraints on 
the geobody associated with the observed magnetic 
anomaly. The forward models were performed 
using MIRA Geoscience’s VPmg software. The 
model geometries were created from an inter-
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Figure 1. Aerial view of the final regional 3D model. The magnetic model is shown as a susceptibility shell 
with a value of 17.5 x 10-3 SI. The susceptibility shell is colored by elevation relative to mean sea level. The 
project area is shown with important geologic features, prospects, and select waterways. 

Figure 2. Final magnetic susceptibility model of the Northeast Tanacross map area shown as susceptibil-
ity shell with a value of 17.5 x 10-3 SI. The susceptibility shell is colored by elevation. The project area is 
shown with important geologic features, prospects, and select waterways. 
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preted surface expression of the geobody. Eight 
models were produced using the “Rapid Potential 
Field modeling of 3D dipping bodies” function of 
VPmg. The forward modeled data were compared 
qualitatively to the observed data for magnetic 
anomaly shape and quantitatively for anomaly 
amplitude. Magnetic susceptibility values from 38 
outcrop samples ranged from 0.02 x 10-3 SI to 88 x 
10-3 SI with a mean value of 8.6 x 10-3 SI.

Figure 3 shows the eight forward models 
produced using VPmg. Models that dip steeply 
to the north show the best fit based on anomaly 
appearance. Models with magnetic susceptibility 
of 10 x 10-3 SI did not produce an anomaly with 
the same magnitude as the recorded data. The 
120-meter-thick, 60-degree-north-dipping model 
produced an anomaly of similar magnitude and 
shape to the recorded data. The MDlau unit is 

Figure 3. Results of eight forward magnetic models. Residual magnetic data are shown. The image in the center shows the 
observed data. All magnetic data share the same colorbar and map-scale.
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interpreted as dipping steeply to the north, with 
a depth extent of more than 100 meters and a 
magnetic susceptibility greater than 10 x 10-3 SI.

SUMMARY
The sub-regional unconstrained inversion 

shows a thick and large magnetic body under the 
Taurus prospect region.  Magnetic bodies under the 
Fishhook and Pika prospects are isolated and have 
smaller depth extents. The thick magnetic body 
beneath the Taurus region is truncated at the Sixty-
mile fault that follows the East Fork Dennison and 
Sixtymile Rivers. Its magnetic signature is consis-
tent with both Late Cretaceous Taurus granodiorite 
(Ktgd). The Taurus-Bluff area contains locally abun-
dant secondary magnetite, veins of which may be 
found in the Late Cretaceous intrusions as well as in 
the surrounding rock (Doug C. Kreiner, personally 
commun., 2020), another element adding to the 
magnetic signature of the region.

The magnetic forward models indicate the 
amphibolite and serpentinite (MDlau) unit is greater 
than 100 meters in thickness and dips steeply to the 
north. We interpret this body to be a dike due to the 
steep dip of the body, its thickness, cutting relations 
with the Lake George augen gneiss (MDag), and its 
Mississippian age (Wypych and others, 2020). 

Results of geophysical models modeling are 
inherently non-unique. Other models than those 
presented may fit the data.

ACKNOWLEDGMENTS 
The author would like to thank the DGGS 

Mineral Resources section and DGGS staff who 

contributed to data collection, scientific discus-
sions, and other necessary support for this report, 
as well as Robert Gillis and Ben Drenth for helpful 
reviews of this chapter. The DGGS Northeast 
Tanacross project was primarily funded by State 
of Alaska general funds and the USGS National 
Cooperative Geologic Mapping Program under 
STATEMAP award number G18AC00137 for 
2018. The views and conclusions contained in 
this document are those of the authors and should 
not be interpreted as necessarily representing the 
official policies, either expressed or implied, of the 
U.S. Government.

REFERENCES
Burns, L.E., Graham, G.R.C., Barefoot, J.D., Nai-

bert, T.J., Fugro Airborne Surveys Corp., and 
Fugro GeoServices, Inc., 2020, Ladue electro-
magnetic and magnetic airborne geophysical 
survey data compilation: Alaska Division of 
Geological & Geophysical Surveys Geophysical 
Report 2019-20, 15 p. doi.org/10.14509/30261

Oneschuk, D., Miles, W., Saltus, R., and 
Hayward, N., 2019, Alaska and Yukon magnetic 
compilation, residual total magnetic field: 
Geologic Survey of Canada Open File 7862, 1 
sheet. doi.org/10.4095/313537

Wypych, Alicja, Jones, J.V., III, and O’Sullivan, 
Paul, 2020, U-Pb Zircon ages from bedrock 
samples collected in the Tanacross D-1, and 
parts of the D-2, C-1, and C-2 quadrangles, 
Alaska: Alaska Division of Geological & Geo-
physical Surveys Preliminary Interpretive Report 
2020-2, 19 p. doi.org/10.14509/30465 

http://doi.org/10.14509/30261
https://doi.org/10.4095/313537
https://doi.org/10.14509/30465

	_Hlk26262646
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	Chapter A: Introduction to the Northeast Tanacross Geologic Map
	Introduction
	Geologic Background
	Chapters Included in the report:
	Acknowledgments
	References
	Chapter B: Northeast Tanacross Geologic Map and Map Units and Descriptions
	Acknowledgments
	References
	Chapter C: Metamorphic Cooling History of the Fortymile River and Lake George Assemblages from 40Ar/39Ar Geochronology from the Northeast Tanacross and Southeast Eagle Quadrangles, Alaska
	Introduction
	Methods
	Results
	Allochthonous Fortymile River Assemblage
	Parautochthonous Lake George Assemblage

	Discussion
	Fortymile River Assemblage
	Lake George Assemblage

	Conclusions
	Acknowledgments
	References
	Chapter D: Structural Geology Observations in Northeast Tanacross
	Foliation Measurements and Folding
	Lineation Measurements and Low-Angle Detachment
	High-Angle Faulting
	Dikes
	Acknowledgments
	References
	Chapter E: Geochemical Interpretation of Samples of Igneous Rocks from Northeast Tanacross
	Introduction
	Geologic Background
	Triassic Intrusions
	Mid-Cretaceous Intrusions
	Late Cretaceous Igneous Rocks
	Quaternary Basanites of Prindle Volcano
	Conclusions
	Acknowledgments 
	References
	Chapter F: Observations on the Economic Geology of Northeast Tanacross
	Introduction
	Intrusive Rocks
	Granite (Unit Kg)
	Quartz-Feldspar Porphyry (Unit Kqp)
	Taurus Granodiorite (unit Ktgd)
	Pika Diorite (Unit Kpd)

	Porphyry Style Mineralization and Alteration
	Other Styles of Mineralization and Alteration
	Alteration Footprint of Mineralization
	Discussion of Lode Mineral Systems
	Placer Potential
	Critical Mineral Potential of the Study Area: Rhenium
	Acknowledgments
	References
	Chapter G: Magnetic Modeling of Northeast Tanacross
	Introduction
	Sub-Regional Model
	Amphibolite and Serpentinite (MDlau) Unit Models
	Summary
	Acknowledgments 
	References


