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Presenter
Presentation Notes
This is the first year of a multi-year project focusing mainly on the strategic and critical platinum group elements, or “PGEs”.
The project is funded by Governor Parnell and the Alaska Legislature through the DGGS Strategic and Critical Minerals Assessment project, which is part of the Alaska Geophysical and Geological Mineral Inventory (AGGMI) program.
Work began this spring; this presentation is an introduction to the project, a few initial results, and a list of products to look forward to in the near future.
Thank you to the co-authors for their help with field work, analytical work, and reviews.


DGGS Wrangellia Project Location

2013 Wrangellia
Project Area
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Presentation Notes
This project is located in the eastern Alaska Range along the Denali Highway. The area stretches roughly southwest from Paxson through the Talkeetna Mountains towards Talkeetna and Willow.


Why are we interested in PGES?

(PGEs = Platinum-group elements:
Pt, Pd, Rh, Ir, Os, Ru)

Strategic & Critical Minerals
PGEs essential as catalysts
= Automotive

= Chemical industry

= Your woodstove?

Heavy dependence on foreign sources:

= US Net import reliance: 91% of Pt, 56% of Pd*
= Mine production:

= South Africa + Russia = 92% of Pt, 77% of Pd?

1USGS 2013 Commaodity summary for Platinum-Group Metals
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Presentation Notes
PGEs are classic examples of critical minerals: 1) they have central role in modern technology – motor vehicles, petrochemical and fertilizer refining, and 2) supplies could be at risk in the event of conflict, foreign political events, natural disaster, etc.
The vast majority of the supply comes from South Africa and Russia. The #3 PGE producer is Zimbabwe. 
Only the Stillwater Mine in Montana produces PGEs in the United States. Norilsk Nickel of Russia owned a controlling interest from 2003 to 2010.


2013 Project Goals

1) Re-analyze available USGS stream
sediment pulps with modern techniques:

= Fire assay Pt, Pd, Au; multi-element ICP

2) Collect additional airborne magnetics and
EM data over western Wrangellia

3) Field data collection to evaluate potential
of W. Wrangellia for magmatic Ni-Cu-PGE
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Presentation Notes
This presentation introduces the three project components, but emphasis will be on initial results from the field data collection and geologic evaluation.
EM: electromagnetic
ICP: inductively-coupled plasma spectrometry



Part 1: Reanalysis of archived pulps

Existing geochemical data coverage (AGDB + DGGS Webgeochem + BLM):

\ Semi-quantitative emission-

spectroscopy analyses (blue)

\ Other (better) analytical methods (gold)

\ Wrangellia geochem re-analysis area (black line)
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One of the things we are doing in Wrangellia is analyzing existing samples from the USGS (particularly AMRAP) and the US Bureau of Mines.
The map is a general illustration (non-technical) of the state of the data for a typical base metal of economic interest: blue dots are semiquantitative emission spectroscopy analyses; yellow dots show the more modern methods.
We project that we will reanalyze about 1500 samples in the Wrangellia area by ICP-MS and Fire Assay Pt-Pd-Au; emphasis is on stream sediment samples. In comparison to the existing analyses, reanalyses will have lower detection limits, higher precision, and more elements analyzed.
This is part of the larger Strategic and Critical Minerals reanalysis project lead by Melanie Werdon at the DGGS.
AGDB is the Alaska Geochemical Database of Granitto and others (2011).





Example: Platinum in stream sediments

Major data gap in western Wrangellia
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Presentation Notes
This figure illustrates the coverage of Fire Assay Pt stream sediment analyses in the combined AGDB, DGGS WebGeochem database, and BLM Delta River database.
The majority of these results are from a reanalysis of data by the BLM as part of the 2007 Delta River Mineral Assessment (Bittenbender and others, 2007).


Part 2: Geophysical Surveys

Valdez Creek (1994)
‘L Slate Creek (2009)

High Mag /
Low \
\ S. Delta River (2003)
2013 Wrangellia Survey
\ Late January target release date
Iron Creek 1400 square miles

(1998)
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This slide illustrates the existing DGGS quarter-mile line spacing geophysical surveys in the project area. 
The Wrangellia survey connects the previously flown surveys and covers prospective areas in the Watana Mountains, Windy Creek area, and Maclaren River area.
This is a large survey, about 1400 square miles, one of the largest that the state has funded.
Funding is through the Strategic and Critical Minerals (SCM) program Capital Improvement Project (CIP), part of the Alaska Geophysical and Geological Mineral Inventory (AGGMI) program.


Part 3: Geologic Evaluation

Complile existing data and develop targets
for follow-up fieldwork

Potential PGE hosts: Known and suspect

Late Triassic mafic-ultramafic intrusions
* Previous mapping and reporting

= Stream sediment anomalies (e.g. Cr, Ni)

= Appropriately shaped magnetic highs
Other important units (e.g. Nikolai Gnst)

ldentify areas that would benefit from a
detailed mapping project in 2014
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The geologic evaluation consists of several components:
 Compilation of existing geologic and geochemical data
 Field traverses and sampling targeting known or suspected Late Triassic mafic-ultramafic intrusions
 Field traverses and sampling targeting possible occurrences of the metallogenetically-significant Nikolai Greenstone
 Field and office work to identify areas that would benefit most from a detailed mapping project


Wrangellia: what is it, and why is it important?

Fairbanks *

0 50 200 Miles

Modified from Colpron and Nelson, 2011
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The proposed field area lies in the metal-rich Wrangellia composite terrane.
One of the characteristic features of the terrane is the Nikolai Greenstone (shown in dark purple), a tectonically-dismembered Late Triassic oceanic flood basalt province that can be found in Alaska, the Yukon, and even on Vancouver Island in southern British Columbia.
Wrangellia hosts some really interesting mineral deposits, including the famous high grade Kennecott copper deposits in the Wrangell Mountains. (The name “Wrangellia” derives from type occurrences in the Wrangell Mountains.)
In the Yukon, a differentiated mafic-ultramafic feeder to these Late Triassic flood basalts hosts the Wellgreen Ni-Cu-PGE deposit.  This is a magmatic type deposit with some similarities to the Norilsk deposit in Russia. It is a past-producing mine that is presently being explored for a larger open-pit project by Prophecy Platinum Corporation.
The MAN Project is a early-stage Ni-Cu-PGE exploration project with some geologic similarities to Wellgreen.
Windy Craggy is a volcanogenic massive sulfide (VMS) deposit also associated with Late Triassic basalts.




Metallogenesis of Wrangellia

~2cm

~1cm

Late Triassic Mafic to
ultramafic intrusions: e
* Interpreted as feeders to
Nikolai flood basalts Wellgreen
* Dunite-CPXite-gabbro

= Host magmatic Ni-Cu-PGE

Adapted from Kluane M-UM Complex (Hulbert 1995, GSC OF3057)
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The upper Paleozoic volcanic arc and sedimentary section (gray and dark green) is intruded by Late Triassic gabbroic to ultramafic sills interpreted as feeders to the Nikolai flood basalts.
At the Wellgreen deposit, disseminated, net-textured, and massive magmatic sulfides occur in the gabbroic margin of one of these differentiated sills.


Metallogenesis of Wrangellia

Nikolal Greenstone:

= Oceanic flood basalt

= ~3000m thick

= Late Triassic —
= Metalliferous: numerous
basaltic copper occurrences

Basaltic Cu

Adapted from Kluane M-UM Complex (Hulbert 1995, GSC OF3057)
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The Nikolai greenstone is one of the characteristic lithologies of Wrangellia.
It is a thick succession of oceanic flood basalts which unconformably overlies the Late Paleozoic sediments.
Lower levels are characterized by submarine deposition (pillow basalts pictured); upper portions are subaerial flows.
It is notably copper-rich and hosts numerous sulfide, oxide and native copper occurrences, termed ‘basaltic copper’ type.


Metallogenesis of Wrangellia

Chitistone and Nizina
Limestones: —
= Conformably overlies Trn

= Hosts of the high grade
Kennecott Copper deposit

= Linked to L. Jr-K orogeny

Kennecott

Adapted from Kluane M-UM Complex (Hulbert 1995, GSC OF3057)
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The Nikolai (Trn) is conformably overlain by limestones (± other sedimentary facies) of the Chitistone and Nizina units.
These carbonates host the famous high grade copper deposits at Kennecott (pictured)
Mineralization at Kennecott is understood to be related to the movement of oxidized, Cu-rich brines during Jurassic to Cretaceous orogenesis (MacKevett and others, 1997)
Previous mapping in the Iron Creek area (Werdon and others, 2002) suggests that Late Triassic carbonates may exist in other areas of western Wrangellia where they have not previously been recognized.


1:250,000-scale geology

Jurassic-Cretaceous flysch

Triassic Nikolai flood basalts
(Wrangellia)

ffN )
Penn-Perm. sediments

=+ volcanic rocks (Wrangellia)*
Tertiary volcanics
Cretaceous and Tertiary plutonic rocks

20 30 Miles

Geology after Wilson and others, 1998
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The aforementioned stratigraphic units are illustrated on this geologic map.
*Note that more recent work (e.g. Werdon and others, 2002) has identified occurrences of the Nikolai Greenstone throughout the western portion of the which have not yet been incorporated into the Wilson and others (1998) map.



Industry Activity in the Project Area

Millrock Resources \ / Pure Nickel
Corvus

Valdez CK =—————3 /

Proposed > \
Su Dam Caribou Dome
Lichen (Alaska Ventures Inc.)
MMG USA Exploration

Legend

[ ] state Mining Claims

I State Patentor TA' | Native Selected

B state Selected Il Burcau of Land Management
I Native Patent or IC |l National Park Service
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This slide illustrates the active mining claims in the Wrangellia Project area as of spring 2013:
Of particular note: MMG and Pure Nickel are looking for magmatic Ni-Cu-PGE systems.
Also note: the Lichen prospect, which is a basalt-hosted Cu type, and the Caribou Dome (formerly Denali Copper) prospect, which is a sediment-hosted copper deposit, occur at the top of the Nikolai Greenstone (in a similar stratigraphic position to Kennecott).
The Valdez Creek and Busch Creek gold mining areas are north of the Wrangellia geologic terrane boundary.
The project area is dominated by state lands and includes some unresolved state land selections, which is one of the factors motivating DGGS work in the area.
The proposed Susitna-Watana Hydro project (“Su Dam”) is also in the project area.



Previous agency work in the area

2007 BLM Delta River

/
N

1992 USBM Valdez Creek

USGS Talkeetna
Mountains Transect
(1999-2007)
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The Wrangellia project builds on previous work by many exploration companies and agencies.
The Bureau of Mines worked on PGE occurrences in the Rainbow Ridge area (Barker, 1988).
Detailed mineral occurrence documentation and sampling throughout the central part of the project area was done by the Bureau of Mines (Kurtak and others, 1992) and later by the BLM (Bittenbender and others, 2007).
Larry Hulbert of the Geological Survey of Canada (and later working with industry) worked in the Canwell Glacier-Rainy-Alpha complex area as part of his studies of Late Triassic magmatic sulfide deposits in the Yukon Territory.
The multidisciplinary USGS Talkeetna Mountains Transect project helped to advance our understanding of Wrangellia metallogeny (Schmidt and Rogers, 2007) and crustal structure (Glen and others, 2007a, b).


Published detailed geologic mapping

DGGS Slate Ck.
Map Area

r'd

\ Partial coverage from pending
USGS 1:125,000 mapping

Data gaps in western Wrangellia

Coming soon via DGGS: inch-to-mile maps by Warren Nokleberg
(Mt Hayes, Gulkana, Nabesna, and Tanacross quadrangles)


Presenter
Presentation Notes
This is the state of currently published detailed geologic mapping. There is some detailed map coverage, but significant gaps remain.


2013 Field Program (3 weeks)

Rock samples for multi-element and
PGE analysis, lithogeochemistry

137 stream sediment samples
for multielement geochemistry
indicator mineralogy

Magnetic susceptibility

Gravity profiles (39km)
Petrologic and

stratigraphic

studies

Rock sample
® Stream sed
= Gravity profile
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This slide illustrates the area covered by the 2013 program of targeted geologic sampling and traverses, stream sediment sampling, and gravity surveying. We worked from east to west, building our understanding in the more studied part of the project area before moving on to the less explored southwestern half. 


Field observations
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P
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This oblique photo shows an example of field observations. The reconnaissance nature the existing geologic maps means that there are many unmapped PGE-prospective mafic-ultramafic intrusions in the project area. Most of the exposure pictured here was previously mapped as Paleozoic sediments.


Initial results: XRF geochemistry

These results support map
Interpretations and unit
descriptions (especially
Important for volcanics) and
will be published as a Raw
Data File through DGGS

The DGGS uses direct XRF at
UAF to get quick, economical
major-oxide and trace element
analyses of fine-grained rocks


Presenter
Presentation Notes
This and the following two slides present some initial results from our direct XRF analyses.  
The total alkali-silica diagram shown here presents results from volcanic and metavolcanic rocks (mostly Nikolai Greenstone) sampled during the 2013 field season.
Additional whole rock and trace element data will be published early in 2014 via DGGS’s website http://www.dggs.alaska.gov/.


XRF results: Nikolal Greenstone

Groups B, C (Hi Ti): Nikolai Greenstone ! S
Plume-related flood basalts A il 2
- Enriched mantle source

A Group D (Lo Ti): Lower Nikolai
and/or Upper Paleozoic arc volcs
- Depleted mantle source

Al: w/in plate alkali
All: w/in plate alkali
and tholeiites
B: E-MORB
C: w/in plate tholeiites
and arc
D: MORB and arc

A——>

Nikolai data from Greene and others, (2008), diagram after Meshede (1986)
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Previous work by the DGGS and USGS in the Iron Creek area and the along the Talkeetna Mountains Transect showed that the existing reconnaissance geology lumps the Late Triassic into the blue “Paleozoic volcanics” unit.
Two different trace element populations are evident in XRF results (here augmented with existing data from the DGGS and USGS AGDB [Granitto and others, 2011]) from basaltic rocks. The first population “Groups B and C” (purple triangles) matches closely with the high-Ti Nikolai Greenstone results from Greene and others (2008), while the other population, “Group D” (green triangles), agrees closely with Greene and others (2008) low-Ti Nikolai Greenstone AND analyses of upper Paleozoic arc basalts from the DGGS Slate Creek map area. In other words, purple triangles have a good likelihood of being Late Triassic Nikolai, while green triangles may be part of the Nikolai or the upper Paleozoic arc volcanics.
These results show probable Nikolai in both mapped and unmapped places, including through the Talkeetna Mtns.



Mafic-Ultramafic intrusions  Awha Rainy  Emerick

_ _ Complex Canwell Glacier

Normative mineralogy from XRF results: ‘t

Gabbroic: troctolite, olivine gabbro

Ultramafics: harzburgite, dunite
A Qlivine gabbro

Gabbro, gabbronorite,

olivine gabbro

Plagioclase

Peak 5532

S (A

Pyroxene Olivine
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I used our XRF geochemistry results to calculate the CIPW normative mineralogy of mafic and ultramafic intrusive rocks from our fieldwork this summer.
A simple plot of plagioclase, olivine, and pyroxene reveals three basic groups: 1) gabbros and gabbronorites, with some olivine gabbro; 2) pyroxene cumulate (?) olivine gabbro; and 3) olivine cumulate rocks including troctolite, olivine gabbro, harzburgite, and dunite.
The olivine (+/- pyroxene) cumulates are associated with known mineralization at Emerick, Canwell Glacier, and the Alpha and Rainy complexes in the western part of the study area. Similarly, Peak 5532 is a known PGE-bearing magmatic sulfide occurrence.



Gravity profile results

N

Pre-2013 data and
reduction tools from
USGS DS264 (Saltus
and others, 2006)

30
0
15

~25mGal

Isostatic gravity
anomaly: e
100mGal \ e S
50 \
O L.
. = e s =
N Long-wavelength signal =

Magnetic anomaly >500nT Deep (3km +) source
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We completed two gravity profiles this summer using ~1 km spacing.
These profiles were targeted on magnetic highs suspected to arise from mafic-ultramafic intrusions.
On the northeastern profile, a long wavelength gravity high was confirmed, similar to previous results.
On the southwestern profile, a smaller but similar gravity high was defined over a concealed magnetic anomaly at the edge of the Susitna lowland.
The long wavelength anomalies are interpreted as consistent with previous work by Glen and others (2007a), which modeled a high density body starting at a depth of 3km.



Proposed 2014 STATEMAP Project:
Talkeetna Mountains C-4

Su Dam

Fog Lakes
Graben

« 1:50,000

e Bedrock & surficial maps
e Structural history

* Ni-Cu-PGE potential

Geology after Wilson and others, 1998
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The Geologic Mapping Advisory Board has recommended our proposed Talkeetna Mountains C-4 mapping project to the USGS for federal STATEMAP funding.
A couple of the reasons this map area is a good choice:
 Magmatic Ni-Cu-PGE potential is poorly understood. Similarly, there is potential for basaltic and sediment-hosted Cu related to the Nikolai greenstone. In all three cases, the critical elements of the geology have not been mapped. However, through previous work by DGGS and the USGS, we know that Late Triassic gabbros and Nikolai Greenstone occur in the map area.
 The Fog Lakes graben extends through the area. This topographic lowland contains Tertiary volcanic and sedimentary deposits. Its structural history needs to be better understood. If it is still an active structural feature, it would present seismic hazard to the proposed Susitna-Watana Hydropower Project.
Finally, there is a gap in the detailed geologic mapping. This is a place we can add new understanding through detailed geologic studies and mapping.


Stay tuned...

= Early 2014 releases:
= 2013 program geochemistry
» USGS/USBM reanalysis data
* \Wrangellia geophysical survey

= Spring 2014 releases:
= Mineralogical data
» Physical properties data
* Preliminary interpretive report

= Summer 2014:

» 1:50,000-scale geologic mapping project in the
Talkeetna Mountains (publication spring 2015)
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Data releases listed in this slide will be available through the DGGS website, http://www.dggs.alaska.gov/


REFERENCES CITED

Barker, J., 1988, Distribution of Platinum-Group Elements in an Ultramafic Complex Near Rainbow
Mountain, East-Central Alaska Range: Process Mineralogy VII: The Metallurgical Society, 23p.

Bittenbender, P.E., Bean, K.W., Kurtak, ].M., Deininger, J., 2007, Mineral Assessment of the Delta River
Mining District Area, East-central Alaska: BLM Alaska Technical Report 57, 697p.

Colpron, M., and Nelson, J.L., 2011, A digital atlas of terranes for the Northern Cordillera: British Columbia
Ministry of Energy, Mines, and Petroleum Resoutces, GeoFile 2011-11, http://www.empt.gov.bc.ca/
Mining/Geoscience/PublicationsCatalogue/GeoFiles/Pages/2011-11.aspx.

Glen, ].M.G., Schmidyt, J., Pellerin, L., McPhee, D.K., and O’Neill, ].M., 2007a, Crustal structure of Wrangellia
and adjacent terranes inferred from geophysical studies along a transect through the northern Talkeetna
Mountains, /# Ridgway, K.D., Trop, J.M., Glen, ].M.G., and O’Neill, ].M., eds., Tectonic growth of a col-
lisional continental margin—Crustal evolution of southern Alaska: Geological Society of America Special
Paper 431, p. 21-42.

Glen, ].M.G., Schmidt, J.M., and Morin, Robert, 2007b, Gravity and magnetic character of south central
Alaska—Constraints on geologic and tectonic interpretation, and implications for mineral exploration,
Ridgway, K.D., Trop, J.M., Glen, ].M.G., and O’Neill, ].M., eds., Tectonic growth of a collisional con-
tinental margin—Crustal evolution of southern Alaska: Geological Society of America Special Paper 431,
p. 593-622.

Granitto, M., Bailey, E.A., Schmidt, ].M., Shew, N.B., Gamble, B.M., Labay, K.A., 2011, Alaska Geochemical
Database (AGDB)—Geochemical Data for Rock, Sediment, Soil, Mineral, and Concentrate Sample
Media: U.S. Geological Survey Data Series 237.

Greene, A.R., Scoates, J.S., and Weis, D., 2008, Wrangellia flood basalts in Alaska—A record of plume-litho-
sphere interaction in a Late Triassic accreted oceanic plateau: Geochemistry, Geophysics, Geosystems, v. 9,
no. 12, DOI: 10.1029/2008GC002092.

Hulbert, L.J., 1995, Geology and metallogeny of the Kluane mafic-ultramafic belt, Yukon Territory, Canada:
eastern Wrangellia—a new Ni-Cu-PGE Metallogenic terrane: Geol. Surv. Canada, Open File 3057, 180p.

Kurtak, .M., Southworth, D.D., Balen, M.D., and Clautice, K.H., 1992, Mineral investigations in the Valdez
Creek mining district, south-central Alaska: U.S. Bureau of Mines Open-File Report 1-92, 2 sheets, scale
1:250,000, 695 p.

Le Maitre, R.W., Bateman, P., Dudek, A., Keller, J., Lameyre Le Bas, M.]., Sabine, P.A., Schmid, R., Sotensen,
H., Streckeisen, A., Woolley, A.R., Zanettin, B., 1989, A classification of igneous rocks and glossary of
terms. Blackwell, Oxford.

MacKevett, E.M., Jr., Cox, D.P., Potter, R.W., and Silberman, M.L., 1997, Kennecott-type deposits in the
Wrangell Mountains, Alaska: High-grade copper ores near a basalt-limestone contact, 7z Mineral De-
posits of Alaska: Economic Geology Monograph 9, p. 66—89.

Meshede, M., 1986, A method of discriminating between different types of mid-ocean ridge basalts and
continental tholeiites with the Nb-Zt-Y diagram: Chemical Geology, v. 56, p. 207-218.

Saltus, R.W., Brown, P.J., Morin, R.L., Hill, P.L., 2006, 2006 Compilation of Alaska Gravity Data and
Historical Reports: U.S. Geological Survey Data Series 264.

United States Geological Survey, 2013, Mineral Commodity Summaries 2013: U.S. Geological Survey, Reston
Virginia. 198p.
Werdon, M.B., Riehle, J.R., Schmidt, J.M., Newberry, R.J., and Pessel, G.H., 2002, Geologic map of the Iron

Creek area, Talkeetna Mountains B-5 Quadrangle, Alaska: Alaska Division of Geological & Geophysical
Surveys Preliminary Interpretive Report 2002-4,1 sheet, scale 1:63,360.

Wilson, F.H., Dover, ].H., Bradley, D.C., Weber, F.R., Bundtzen, T.K., and Haeussler, P.J., 1998, Geologic
map of central (interior) Alaska: U.S. Geological Survey Open-File Report 98-133-A, 62 p., 3 sheets.



	Twelker_DGGS_Wrangellia_AMA2013_Web
	DGGS Geologic and Mineral-Resource Assessment of the Western Wrangellia Terrane, Central Alaska: Initial Progress Report
	DGGS Wrangellia Project Location
	Why are we interested in PGEs?
	2013 Project Goals
	Part 1: Reanalysis of archived pulps
	Example: Platinum in stream sediments
	Part 2: Geophysical Surveys
	Part 3: Geologic Evaluation
	Wrangellia: what is it, and why is it important?
	Metallogenesis of Wrangellia
	Metallogenesis of Wrangellia
	Metallogenesis of Wrangellia
	1:250,000-scale geology
	Industry Activity in the Project Area
	Previous agency work in the area
	Published detailed geologic mapping
	2013 Field Program (3 weeks)
	Field observations
	Initial results: XRF geochemistry
	XRF results: Nikolai Greenstone
	Mafic-Ultramafic intrusions�Normative mineralogy from XRF results:
	Gravity profile results
	Proposed 2014 STATEMAP Project:�Talkeetna Mountains C-4
	Stay tuned…

	2013 AMA Presentation References Cited
	References Cited


