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Base and precious metal deposits geologically associated with Late Triassic mafic to
ultramafic magmatism constitute a significant metallogenic province of the northern North
American Cordillera. Deposits of signficance include the Wellgreen magmatic Ni-Cu-Co-PGE
sulfide deposit in the Yukon Territory and bonanza-grade sediment-hosted Cu-Ag systems at
Kennecott. In central Alaska, this magmatic event comprises the Nikolai Greenstone and
cogenetic mafic and ultramafic intrusions of the Wrangellia terrane. Notable mineralization
includes magmatic Ni-Cu-PGE mineralization at the Eureka Zone and Butte Creek prospects,
and sediment-hosted Cu-Ag mineralization at the Caribou Dome deposit.

Through the State’s Strategic and Critical Minerals Assessment Project and the United
States Geological Survey’s STATEMAP Program, the DGGS has pursued a multi-year effort to
improve the geological knowledge base with an emphasis on the geologic setting of Ni-Cu-PGE
mineralization. Newly released data include geophysical surveys (GPR 2014-1), geochemistry
(RDF 2014-3; RDF 2014-5, RDF 2014-22), geochronology (RDF 2014-18, RDF 2015-10), and
geologic mapping (PIR 2015-6). All reports are available free of charge from the DGGS website
(dggs.alaska.gov).

Building on recent advances in the geochemical understanding of the Wrangellia volcanic
stratigraphy, we have used geochemical classification and targeted fieldwork to refine the
geologic maps of the area. Additionally, geochemical data and field relationships have enabled
us to better establish the relationship of mineralized ultramafic intrusions to the broader Late
Triassic magmatic episode.

Integrated geological and geophysical interpretation of newly generated data illuminate a
number of previously unmapped faults, with significant implications for the structural framework
of the region and the general distribution of lithologic units under cover. These structures reflect
involvement in the Cretaceous accretion of Wrangellia and some of the effects of Tertiary to
present dextral transpression, including the ongoing exhumation of the Eastern Alaska Range.

DGGS and the University of Alaska are completing a detailed study of the 30-km long, 3-
km wide Alpha (Fish Lake) mafic-ultramafic complex in the Eureka Creek area of the Eastern
Alaska Range. This sill-form complex consists of cyclically alternating dunite, wehrlite, and
clinopyroxenite and has been variably interpreted as a layered mafic intrusion, a differentiated
mafic-ultramafic complex, and as a multiphase complex of sills and possibly ultramafic volcanic
rocks.

Geologic mapping shows that the igneous complex has four major peridotite sills, the
longest of which can be traced out for over 2 km along strike. Centimeter scale clinopyroxenite
layers are present within and along the edges of the peridotite sills. Multiple gabbroic dikes
locally cut across these sills. Within a given sill, the forsterite component of olivine is most
primitive along the edge and becomes increasingly evolved toward the center. Geologic mapping
and modal compositional patterns observed in olivine forsterite content across the complex
supports a hypothesis of repeated sill injections from an evolving or multiple magma source.
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Figure 1. Project location map showing recent DGGS mapping in the Wrangellia terrane of south-central Alaska.
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Presenter
Presentation Notes
This is a presentation of geologic mapping, compilation, and analysis completed for the Alaska Division of Geological & Geophysical Survey’s Wrangellia project from 2013 to present. The presentation consists of two parts: Evan Twelker will present an overview and highlights of the project to-date, followed by Lauren Lande presenting preliminary findings of her ongoing Masters of Science research at the University of Alaska Fairbanks.
This project is jointly funded by the State’s Strategic and Critical Minerals Assessment program (part of AGGMI) and the USGS National Cooperative Geologic Mapping Program STATEMAP component under award number G14AC00167 for 2014.
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Please Note:

1. This area has complex mineral and surface estate
ownership including State of Alaska, Federal Bureau
of Land Management, Cook Inlet Region Inc. (CIRI)
and associated village corporations, as well as other
private land owners. The user of this data is
responsible for all land status research and for
obtaining appropriate access and operating
permissions prior to completing any follow-up field
work.

2. This is a presentation of preliminary results and an
early draft of the geologic map. Neither the draft map
nor the presentation have been reviewed for
technical content or for conformity to the editorial
standards of the DGGS



Metallogenic Context: Late Triassic
Wrangellia Large Igneous Province
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Presentation Notes
The project area sits at the northwestern margin of Wrangellia and straddles the contact of Wrangellia with the Peninsular Terrane and the Kahiltna Assemblage.
One reason this area is of interest is that it contains rocks of the Late Triassic Wrangellia Large Igneous Province (LIP). These rocks host Ni-Cu-Co-PGE mineralization at the Wellgreen deposit in the Yukon Territory. The MAN Project in Alaska is an example of this type of mineralization in Alaska, while the Kennecott Cu deposit is associated with the extrusive rocks of the Nikolai LIP.
VMS mineralization in the Alexander Terrane is also related to closely coeval Late Triassic basaltic and bimodal magmatism.


What is the “Geological Framework”?

Wrong question:

e “What is the rock type at location X?”

Right questions:

e What are the important geologic elements?
e Where do these geological elements occur?
—For a given mineral deposit type

Different from traditional mapping:

e Targeted work at a variety of scales

e |ncorporate new industry and academic data
e Use geophysics to project under cover

e More adaptable to different budget scenarios
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New data: visit dggs.alaska.gov
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e New airborne magnetic and electromagnetic survey
e Geochemistry and geochronology raw data releases
e Targeted geologic mapping and research

e Compilation and interpretation
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Presentation Notes
The DGGS is building our understanding of Wrangellia’s PGE potential by acquiring several new datasets.
First of all, we contracted an airborne geophysical survey over un-surveyed areas with prospective geology. This was flown during 2013.
Second, we have published four new geochemical datasets from both new sampling and re-analysis of existing USGS and USBM stream sediment data, as well as two new geochronology data releases.
We completed three field seasons of geological mapping and sampling in the area, including a 450 square-mile STATEMAP project and a 10-day field season last summer.
We’re currently in the process of compiling a report and new geological maps of part of the area to summarize the findings of our work in the region.
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Presenter
Presentation Notes
I will briefly present some of the highlights of our ongoing work on the magmatic framework.
These are photos of some of the elements of the Late Triassic magmatic system: Pillow and subaerial basalt, thick bodies of cumulate ultramafic rocks, and finally high MgO basalt (picrite) dikes and extrusive rocks.
Mapping and geologic observations are helpful, but we’re also using geochemistry for a deeper look into the magmatic system.


The Wrangellia Large Igneous Province
A two-part magmatic event

Building on academic work by Andrew Greene (2008, 2009, 2010)

Upper, high TiO; Nikolai Greenstone:
e ‘Normal’ flood basalts
e - High magnetic susceptibility (~10 x10-3S

Lower, low TiO, Nikolai Greenstone:
e Arc lithosphere involved
e Low magnetic susceptibility (~0.5 x10-3SI)

Gabbro to ultramafic sills
- feeding Lower Nikolai

Gabbro to ultramafic sills
- feeding Upper Nikolai



Presenter
Presentation Notes
We are tying our work to the regional magmatic framework established by academic work.
The Wrangellia Large Igneous Province, or Nikolai Greenstone, is a two part sequence.
There is a stratigraphically lower, low TiO2 member, and an Upper, high TiO2 member. 
Both units have intrusions that are interpreted as feeder systems, and these would be the targets for magmatic sulfide type Ni-Cu-PGE deposits.
The geochemical and isotopic differences between these units indicate aspects of magmatic evolution that could have important implications for the formation of Ni-Cu-PGE deposits.


Magmatic framework:
Two distinct mafic magmas
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Presentation Notes
Here is a geochemical plot of Al2O3 vs. TiO2 illustrating that there are two separate mafic magmas: low TiO2 and high TiO2.


Magmatic framework:
Two distinct mafic magmas
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Presentation Notes
Samples of dunite (100% cumulate olivine) plot in the lower left, and you can see two trends of increasing cumulate olivine associated with the two initial mafic magmas.
Picrite samples clearly lie on the high TiO2 trend, i.e., they are high TiO2 melt with about 25% cumulate olivine.
Similarly, you see that there are two separate trends of ultramafic cumulates corresponding to the two initial magmas. What are the implications for PGE exploration?



Magmatic framework:
Implications for magmatic sulfide exploration
High TiO,
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Presentation Notes
Here is the same plot showing only samples with elevated PGEs.
While many of the samples are dunite and have no recognizable affinity with either magma type, it appears that the majority of the mineralized samples are associated with the high TiO2 magma.
The suggests that exploration should focus on feeder intrusions to the high TiO2 part of the magmatic system.
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Presentation Notes
This slide shows a compilation of recent DGGS geophysical surveys in the region; these surveys highlight a number of previously unmapped faults.
The dashed black box highlights the area shown on the next slide.


Talkeetna Mountains:
NW-directed thrusts

e Paleozoic section is too thick

e >5km as mapped

e Stratigraphic repetition
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Presentation Notes
Detailed mapping suggests that previously unmapped NW-directed thrust faults repeat and thicken the Paleozoic section.
These thrusts apparently cut the Nikolai Greenstone, and in some areas they may exhume rocks metamorphosed in the Jurassic.


900 Hz EM Resistivity
High

#


Presenter
Presentation Notes
The next slide will focus on the area in the black box. This area was the target of 2015 fieldwork.


A new mineral district map (in progress....)
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Presenter
Presentation Notes
There appear to be two sets of thrust faults that affect the area.
The first, most obvious are the south-directed faults including the Broxson Gulch and Rainy Creek faults; these are tied into the Denali Fault and are related to the uplift of the Eastern Alaska Range.
You can see great examples of the field relationships, such as this photo.


Amphitheater IVItns Structure

NW-striking faults
cut by thrusts

Stratigraphic
repetitions, faults,
40-60° dips to S

Map pattern:
Nikolai underlies
ultramafic sills
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Additionally, the area is cut by a number of northwesterly faults.
In the Eureka Creek area we see southerly dips and repetitions of the Wrangellia stratigraphy—similar to what we saw in the Talkeetna Mountains.
Additionally, based on map relationships and geometries we suggest that the Upper Nikolai might underlie the Alpha and Beta ultramafic complexes, implying a thrust fault repetition.
The cross section shown is based on recent geophysical modeling which suggested a very deep root.
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Presentation Notes
The cross section shown is based on recent geophysical modeling which suggested a very deep root.
Our proposed alternative structural solution, sketched on top of the cross section, would help better explain some of the geological and stratigraphic relationships observed.


Conclusions

Early, north-directed thrust faulting may affect
Wrangellia more than previously thought

The Ni-Cu-PGE mineralized samples appear to be
related to the high TiO, suite, although some large
ultramafic bodies appear to be of the low-TiO, suite

High-MgO basalts are picrites; they are also tied to
the later, high TiO, magmatic suite

Representing the different magmatic suites on maps
(in progress) will be an aid to exploration

20



Preliminary results from 2015 geological
mapping of the Alpha complex
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Presentation Notes
Preliminary MS research presented by Lauren Lande.


Location: Eastern Alaska Range
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Presenter
Presentation Notes
The Alpha complex is located in the eastern Alaska Range. 
During the field work we camped at the Tangle Lakes campground and then flew to the field site every day. 
The purple is the outline of the entire complex and the black outline is the area we mapped. We chose this section based on the amount of exposure on the hill. We had six days to map so we wanted to spend as little time as possible searching for outcrop. 



't,
~ Objectives

i LN

Conduct detailed sampling across the field area, focusing on
contact relationships between the ultramafics, in order to

gain clearer insight into the petrological subdivisions of the
complex

SRR




Previous Work

e ____Tr_h'E""' g
{0 Fivh-Lake

Undifferentiated Quaternary deposits and Ni-Cu-PGE prospects Tmh- = = Orientation of schematic section, Fig.11
Tertiary to Pennsylvanian bedrock

Trnb | Triassic Nikolai basalt Trnu { Triassic ultramafic rocks

Schmidt and Rogers, 2007

Alpha (formerly Fish Lake) complex
e Triassic age, sill form body

* Intrusion was likely a feeder system to overlying Nikolai Basalt
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Presentation Notes
The Alpha complex is a Triassic age intrusion that was a feeder system to the overlying Nikolai basalt. 
It was previously mapped by industry geologists, resulting in the compilation pictured on this slide. 
They interpreted parallel layers of ultramafic cumulates and gabbroic sills. The black box is the section I focused on in the field. 



Ultramafic
lithologies


Presenter
Presentation Notes
There is no orthopyroxene present in the ultramafic rocks, so the rock types range from massive dunite to wehrlite to clinopyroxenite. 
The top picture is an igneous contact between wehrlite and dunite. The middle picture is of clinopyroxene oikocrysts in wehrlite. The bottom picture is a thin band of clinopyroxenite within a wehrlite layer. 


Bedrock Geology 1:5,000
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Presentation Notes
This is the current draft of my field map. 
There is a lot of dunite, with serpentinization increasing to the north. The dunite in the northern section has been completely serpentinized while the dunite in the south is fairly unaltered. 
Everything is south dipping so that the stratigraphic top of the Alpha is in the south and the northern boundary is the base of the complex. The northern contact of the ultramafics with the Paleozoic sediments is faulted. 
There are four continuous layers of wehrlite trending east-west.  The middle dark green section is a band of feldspathic dunite. And there are also multiple gabbroic dikes crosscutting the ultramafics in some areas. 



Potential Models
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When trying to understand this system there are some potential models to consider for emplacement of the intrusion. 



Hypothesis #1: Differentiating magma chamber
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Presenter
Presentation Notes
The first model to consider is for a single layered intrusion. As magma was intruded into the crust it would differentiate during cooling and develop layers grading from dunite upwards to wehrlite and gabbro. With multiple magmatic inputs it would develop multiple layers of ultramafics. 
This is the model for classic mafic-ultramafic intrusions like the Bushveld igneous complex in South Africa. 


Hypothesis #2: Multi-sill system
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Presenter
Presentation Notes
The second possibility is that this is a series of thin sills that were intruded into the crust on top of each other. As the thin sills cooled, the outer margin, which would crystallize first, would be more primitive. The core of the sill would end up with a more evolved composition as it fractionally crystallized. 



Hypothesis #3: Single sill system
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Presentation Notes
The third possibility in that this is a single large sill that was fed from an evolving magma chamber. 
As this magma chamber was evolving, primitive olivine crystal mush would settle to the bottom and the more evolved magma would remain at the top of the chamber. 
The first thing to intrude into the crust would be the evolved magma that was sitting at the top of the magma chamber. This would form a more evolved sill margin. As magma was continuously intruded into the sill, the last melt to leave the magma chamber would be the more primitive olivine compositions. This would form a primitive core within the sill. 
The Nikolai basalt represents a mafic extract of the ultramafic magma that was extruded on the surface. 


Ultramafics: Dunite

Two different

16
i feldspathic dunit
dunlte 15 : dinistza nic dunite
compositions y |
'dentified . >4% normative plag
! ' £ )3
— Normal low =
- 2 12
Al,O, dunite &

1

— Central 250 m
wide band of
feldspathic
dunite

—_
o



Presenter
Presentation Notes
These are whole rock XRF analyses for dunite. 
There are two different compositions of dunite present in the complex. There is the normal, low Al dunite present throughout most of the area and then a central band of high Al feldspathic dunite. 
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There are also two distinctly different wehrlite compositions. 
The larger body at the base of the complex has higher Ti per Ca concentration than the smaller layers at the top of the Alpha. This indicates that the basal layer crystallized from a more evolved magma. 



Mafic dikes
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There are three different crosscutting mafic dikes present. 
There are both high TiO2 and low TiO2 gabbros that may correspond to the upper and lower Nikolai gabbros. 
At the top of the complex there is also a troctolite layer within the dunite. 



Ultramafics: top of stratigraphy
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Nickel is compatible in olivine so Ni will decrease in a magma with crystallization of the silicates. 
In the upper half of the complex there is a trend of evolving rocks upward starting from the top of the feldspathic dunite moving to the dunite at the top of the complex. 


cyclical clinopyroxene-rich bands in dunite

Southern wehrlite layers may have crystallized as magma cyclically
became saturated in Ca and Al and formed clinopyroxene
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It is possible that these wehrlite layers were crystallizing simultaneously with the dunite and formed as the dunite cyclically became saturated in Ca and Al. As olivine crystallized out of the magma, Mg and Fe would be removed from the melt, and Ca and Al would became more concentrated. Once the melt was saturated, it would crystallize clinopyroxene. After enough Ca and Al were removed through clinopyroxene crystallization, then olivine would crystallize again. 

We see this on a smaller scale across several areas of the complex were we have a couple centimeter wide clinopyroxene rich bands in dunite. There are also thin clinopyroxene rich bands within and along the edges of the peridotite in some areas. 
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clinopyroxene-rich band in peridotite

Southern wehrlite layers may have crystallized as magma cyclically
became saturated in Ca and Al and formed clinopyroxene
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There are also thin clinopyroxene rich bands within and along the edges of the peridotite in some areas. 




Ultramafics: base of stratigraphy
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As a magma evolves, it becomes depleted in Mg relative to Fe. We can see this transition in olivine forsterite content. A high forsterite component in olivine indicates a primitive magma. As a magma evolves, the forsterite content of olivine will decrease. 

This plot shows microprobe olivine compositions from the basal half of the complex. The forsterite content indicates a more evolved magma at the base of the complex and a more primitive magma towards the center. 
 



Single sill system?

e dunite
feldspathic dunite
wehrlite

7010500

FO11000

o dunite
wehrlite
clinopyroxenite

J011500

7012000

1000 2000 3000
Fo % in olivine Ni (ppm)

increasing stratigraphic height
7012500

7013000

79 21 83 85



Presenter
Presentation Notes
When you look at the microprobe and XRF data together, both datasets indicate the center of the complex is more primitive and that it evolves towards the edges of the complex. 
This would represent that single sill model where the core of the sill is more primitive and the edges are more evolved. 
The presence of feldspar with the most primitive olivine could potentially be due to a more evolved extract remaining in the magma chamber along with the olivine. These two compositions could have been intruded together into the sill in the last pulse of magma. 



Potential model: single sill system
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» The base of the complex has the most evolved
composition

 The central section has the most primitive
compositions in both olivine and whole rock
analyses

* Presence of feldspar could be explained by the open
magmatic system model

e Gabbroic dikes are crosscutting ultramafic layers

* Gabbros did not form from fractional crystallization of
the ultramafic magma



Upcoming Work

 Transmitted and reflected light petrographic
analysis of new samples

 Detailed microprobe analysis of olivine and
clinopyroxene across ultramafic layers

— This will allow for better understanding of the
relationship between dunite and wehrlite layers
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