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Presenter
Presentation Notes
Thank you AMA for this venue to present new results from the Lime Hills C-1 mapping project. During summer of 2013 the Alaska Division of Geological & Geophysical Surveys (DGGS) conducted a geologic mapping and mineral assessment project in the Styx River Area. This presentation highlights some new 40Ar/39Ar geochronology from the University of Alaska Fairbanks (UAF) Geochronology Lab with Jeff Benowitz and Paul Layer in relation to the magmatic crystallization, mineralization and alteration, and evolution of this part of the Western Alaska Range. It also highlights inversion 3D voxel model work done through a collaborative program with the USGS, namely Andy Kass. A big thank you to my co-authors for their help with field work, sample processing, data analysis, interpretations and reviews in this on-going study. 



Outline

► Location and geology
► Mineralization highlights
► New 40Ar/39Ar geochronology

 With relevant geochemistry

► 3D voxel model of Copper Joe 
resistivity

► Relationship to Revelation 
Mountains uplift

► Acknowledgments

Photo by T.C. Wright
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Presenter
Presentation Notes
I will start with a brief orientation and our motivations for undertaking this study, and then present new 40Ar/39Ar data courtesy of Jeff Benowitz and Paul Layer at the University of Alaska (UAF) Geochronology Lab, and the relevant geochemistry data and interpretations with help from Alicja Wypych. I will highlight new young ages from the Copper Joe porphyry system in the southern part of the quadrangle, and show a 3D inversion model from resistivity data flown by DGGS and created by Andy Kass of the USGS.



Cretaceous-Tertiary Porphyry Trend

http://www.kiskametals.com
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Select 
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Presentation Notes
Our study area is located between Estelle and Copper Joe prospects, and is about 110 miles northwest of Anchorage. It is located near the northern end of the modern volcanic arc associated with the Alaska-Aleutian subduction zone. �Selected Northern Cordillera porphyry copper deposits outline the regionally extensive Cretaceous-Tertiary porphyry copper trend you can see including Pyramid, Pebble, Whistler, Chisna and Casino. Pyriamid is ~6 Ma the remainder are around 70 and 90 Ma.  �The black box highlights the next slide.
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Presenter
Presentation Notes
Notice the location of the project area in relation to the Denali-Farewell Fault system, as this will be an important reference point in the next slide. The country rock that the plutonic rocks were intruded into is the Kahiltna Assemblage of which current studies are now splitting through important source constraints from a quartz-rich continental source to the NNW, or from the volcanic rocks sourced from the Peninsular and Wrangellia terranes to the south and east (Box and others, 2012; Karl and others, 2013; Hults and others, 2013). 



Cretaceous and Tertiary 
plutonic rocks

Tertiary volcanics

Denali-Farewell 
Fault System

Map modified from Wilson
and others, 1998
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Presentation Notes
In the Lime Hills C-1 Quadrangle the dominant rock types are plutonic rocks that have intruded the Kahiltna flysch along N-S trends like the Estelle in pink here, and volcanic rocks from a voluminous flare-up in the ~36 Ma range that are coeval with the Merrill Pass pluton. The picture shows Kahiltna assemblage that was deformed from folding and faulting and intruded by a felsic dike. Note the high elevation Revelation Mountains WNW from the map area, and the Tordrillo Mountains with the Hayes Volcano to the ESE.



Airborne Geophysical Surveys

Styx 
(Burns and 
others 2008)

East Styx 
(Released 
November 2014)

Farewell 
(Burns and 
others, 2014)

Lime Hills 
C-1 Quad

Middle Styx 
(Burns and others, 
2013)
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More positive 
magnetic values

More negative 
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Presentation Notes
The areas covered by the geophysical surveys from DGGS are symbolized as red, purple, and blue outlines. The Styx River Survey was the primary survey we used in the field because it encompasses much of the Lime Hills C-1 quadrangle (outlined in black). The Middle Styx survey was released a year ago, the Farewell and East Styx surveys this fall. This figure shows the total magnetic field, with the scale represented in the lower left. Separate areas do not have the same scale. To view and download the publications please see the works cited slide (Burns and others, 2008) and then visit our website: www.dggs.alaska.gov Motivations for working in this area are because of the high mineral potential and the desire to map areas in detail that have been underexplored to understand more of the geology on small and regional scales.



Anomalous Gold 
Occurrences

Circles = High Gold & 
Copper occurrences

► Points are colored by 
standard deviations 
above or below the mean

► Z = value-mean
std dev

(Actual values are in 
geochemical reports) 

(Map modified from Gamble and others, 2013)
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Presenter
Presentation Notes
The gold circles highlight areas of gold mineralization. The larger the dots, the higher the Z value which is calculated relative to other samples in the area. Copper-colored circles represent areas that have clusters of anomalous copper values, but the Z value dots for these are not shown in this slide. 



Mount Estelle pluton 
~70.1 (U-Pb) to ~66.7 Ma (K-Ar)  

~62 (new 40Ar/39Ar)
► Biotite-hornblende granodiorite
► Chiefly medium-grained, seriate, 

hypidiomorphic-granular
► These new ages extend plutonism and 

highlight continued emplacement in to the 
upper crust in this composite pluton
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Biotite

Hornblende

Magmatic crystallization:   
62.0 ± 0.2 Ma

61.8 ± 0.5 Ma

(K-Ar Dates: Reed and Lanphere, 1972)
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Presentation Notes
The Mount Estelle pluton is another very important intrusion because of the mineralization found in Millrock’s claims to the northeast of the C-1 quadrangle, and continued mineral occurrences in our mapping area. We noticed similarities between the mineralization in our area and what we saw at Millrock’s prospects. The previous U-Pb date from Millrock is over 20 miles away from the outcrops in our field area.The pluton has great heterogeneity, likely from the continued pluton emplacement into the crust over a long period of time. The geochemical data clusters well on the K20 plot. The one sample that has higher K2O and a signature closer to the Crystal Creek, Merrill pass and McKinley Suite samples might show evidence for mixing with the Crystal Creek granite since it was near the contact, and these plutons have similar ages.These overlapping ages between different mineral phases showing around a ~200 C difference in closure temperature support continued pluton emplacement into the upper crust. The Mount Estelle pluton covers a large area, stretching along a N-S trend.



Mount Estelle pluton 
~70.1 (U-Pb) to ~66.7 Ma (K-Ar))

~62 (new 40Ar/39Ar)
~64 alteration

Sericite Alteration:
63.9 ± 0.4 Ma
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► Contains aplite and lamprophyre 
dikes (NW trending) with quartz, 
arsenopyrite, chalcopyrite, and 
magnetite veins

► The dated sample had anomalous 
copper and silver

► Suggests that post ~70 Ma plutons 
may have mineral potential and that 
circulation of fertile melt and fluids 
may have occurred before the 
composite pluton finished 
crystallizing

Sericite
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Presenter
Presentation Notes
This slide highlights a sample in which sericite was analyzed to find a new alteration age in the Mount Estelle pluton.
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Biotite & 
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~64 Ma 
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Age 
Summary

Map modified from Gamble
and others, 2013
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Presenter
Presentation Notes
This map shows the newly dated samples I just talked about and their locations. The arrows without dates highlight the sample sites of the remaining three newly dated samples.
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South Fork pluton
71.4 Ma (K-Ar)
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Biotite

Magmatic crystallization: 
63.5 ± 0.4 Ma

► Hornblende-pyroxene-biotite
diorite to gabbro

► Fine- to medium-grained, 
seriate, hypidiomorphic-
granular

► Cu, Au, Ag mineralization

Hornblende

63.8 ± 0.4 Ma

(Reed and Lanphere, 1972)
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Presentation Notes
The South Fork pluton is the most mafic in our area, and also contains copper, gold, and silver mineralization. This area also had dike swarms and is on trend with NW striking faults that cut through the Copper Joe area and could possibly be controlling fluid pathways. Previously, most of the plutons and mineralization have been Late Cretaceous to Tertiary, but the sample from the Merrill Pass pluton on the next slide was very different.



Merrill Pass pluton 
~40.0-41.6 Ma (40Ar/39Ar) 

► Biotite granite to granodiorite to
alkali-feldspar granite

► Hypidiomorphic granular 
textures with miarolitic cavities, 
xenoliths

► Closely related to Tertiary 
volcanics (~33.6-41.0 Ma)

(Reed and Lanphere, 1972)

(Looking West)
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Presentation Notes
One of the largest and most important units in the Lime Hills C-1 quadrangle is the Merrill Pass pluton. It has a lot of variation in the field, and as seen in the scatter of the stained slab data outlined in yellow. One new field observation is that there may be more than one intrusion; one that pre-dates the Tv units, and one that post-dates and intrudes upwards into the Tv. The magnetic data show a highly magnetic phase and a weakly magnetic phase. We hope that further geochemical data analyses accompanied by Ar/Ar and/or U-Pb dates will help our interpretations. The upper left picture shows some inclusions that were found near the contacts. The right picture shows the pink Tmp with gray Tv overlying it, and Tv on top intruded by a phase of the Tmp. The close age relationships also support intrusions  A fault and a pink felsic dike are also present along the ridge in the middle right of the picture. Within the Merrill Pass pluton in the southern map area is an interesting porphyry system we focused on because of the exciting story associated with it. While the intrusion is granodiorite and quartz monzonite (Kiska geologists), the sericite dated at the University of Fairbanks geochronology lab is interpreted as a much younger age of magmatic activity.



Copper Joe Cu-Au-Mo 
Porphyry System

► Extensive quartz-sericite pyrite (QSP) 
alteration with D-veins is expressed as a 
surface conductor in the 7200 Hz 
resistivity, corresponding to the phyllic, 
pyrite-rich zone (QSP zone) of porphyry 
systems

7200 Hz Apparent Resistivity

7200 Hz Apparent Resistivity

Total Field Magnetics

nT

  

  

Ohm/m

Ohm/m
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Presenter
Presentation Notes
Copper Joe shows up in RTP (Reduced Total Polarization—see Kiska website) as a dimpled magnetic area, and in apparent resistivity as a bright conductor. The low magnetic susceptibility is likely general magnetite destruction of Merrill Pass pluton by QSP with some mag high from M-style veins and magnetite breccia. Notice NW trending fault drawn in to the north, and a sharp boundary between low and high resistivity where another one has since been mapped. This is a novel age for mineralization in the Western Alaska Range. This begs the question: where did this young hydrothermal magmatic event come from?



Young Porphyry 
Mineralization

Alteration age: 
11.5 ± 0.1 Ma

10.7 ± 0.1 Ma
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13RN204A
► Pervasive quartz–sericite–pyrite 

overprint zone with stockwork quartz–
molybdenite veinlets

13LF205A
► Pyrite–chalcopyrite–molybdenite-bearing 

quartz vein
► Suggestive of sustained hydrothermal 

alteration 
► K/Ar data from Kiska support these 

young ages
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Presentation Notes
These two samples from the Merrill Pass pluton (~40 Ma) were magmatically and hydrothermally altered in a porphyry related to the Copper Joe prospect. We prefer the weighted average age of 10.7 +- 0.1 Ma because the first few heating steps showed anomalous older ages and high atmospheric content which are both associated with alteration. See the data tables in the online publication for the complete data set.



Resistivity 
Inversion 
3D Model

View in the model is looking to 
the South, North arrow is at the 
left of the screen

A lower shell of conductive 
material
appears to reach the 
surface where
magnetite breccias and 
highly magnetic
material are found

Red = Most conductive
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Presenter
Presentation Notes
Through a partnership with the Geophysics group of USGS in Denver, and DGGS to analyze and more effectively use the large datasets we have collected across Alaska, Andy Kass spearheaded the inversions and 3D voxel model that is responsible for these image. View is to the south. The models are the same area, but looking progressively deeper as you go down the page. The interesting conclusion is that you can see a shell of conductive material below the surface that relates to the porphyry model shown before, and likely represents a high conductivity zone of alteration that connects up to the surface where magnetite breccias give examples of sustained hydrothermal flow. 



~62 Ma
Biotite &

Hornblende

~64 Ma 
Sericite

~64 Ma 
Biotite &
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~11.7 Ma 
Sericite

~10.5 Ma 
Sericite

Age 
Summary

Map modified from Gamble
and others, 2013
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Presenter
Presentation Notes
We jump to the Revelation Mountains, just west of our study area ~20 miles. This is a panorama of the Revelation glacier with Jason Stuckey for scale during the first summit of Mount Apocalypse in 2013 when these samples were collected. Mount Apocalypse is in the center background and is the sample locality for the following samples of this new unpublished data. The following results are from work done by Jeff Benowitz at the University of Alaska, Fairbanks, Geochronology Lab. Through discussions with Dr. Benowitz, it became clear that there was a pattern with other data from the Revelation Mountains in the Western Alaska Range that might offer a possible explanation for the young ages we found in the Styx River area. 



Revelation Mountains
Biotite

Age of Mafic Dike: ~58 Ma

Whole Rock

Age of Host Granite: ~60 Ma

Countless dike swarms: a relative 
“gold mine” of rocks to work on!
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Presentation Notes
The age of the host granite being sampled here was ~60 Ma. The mafic dike is similar to others found in the Tordrillo Mountains and Western Alaska Range; around ~58 Ma (Haeussler and others, 2013). Dikes of this age have been dated extensively in the Tordrillos. The Alaska range in general has countless dike swarms that have not been utilized to their fullest extent to understand the region petrogenesis and tectonic history: a relative “gold mine” of rocks to work on!



Mount Apocalypse: 
Revelation Mountains

HeFTy AFT thermal models

1467 m

2004 m

2709 m

Document rapid cooling initiation 
around ~15 Ma to ~10 Ma
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Presentation Notes
HeFTy thermal modeling of a vertical profile of AFT samples on Mt. Apocalypse document rapid cooling initiation around ~15 Ma to ~10 Ma. This is different from the Tordrillos which record uplift around ~6 Ma (Haeussler and others, 2008). This corresponds to our ~10-12 Ma magmatic hydrothermal event, and is less than 20 miles away. 



Revelation 
Mountains

Tordrillos
(Haeussler and 
others, 2008)

Lime 
Hills C-1 
Quad

Kitchatna
Mountains
(Ward, 2010)

Young uplift in the Western Alaska Range?
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Presenter
Presentation Notes
These young ~11 Ma ages might correspond to a young uplift event previously undocumented in the Western Alaska Range. The Tordrillo Mountains (to the east) display evidence for uplift around ~23 Ma and ~6 Ma from AFT and 40Ar/39Ar data displayed on the map (Haeussler and others, 2008). The AFT thermochronology from the Tordrillos does not show evidence for uplift ~11 Ma. Perhaps the majority of deformation was to the west, closer to the supposed Bering Plate block boundary. The AFT thermochronology from the Kitchatna Mountains (to the north) is too old relative to these young ages.  The shaded blue triangle shows the area that could have been affected by uplift, deformation, and/or hydrothermal alteration, but the extent is unknown. 



Young Uplift in the Western Alaska Range?

Figure (above) from Freymueller and 
others (2008), and (left) modified in Finzel
and others, (2011)
SOAK=Southern Alaska Block
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Presenter
Presentation Notes
The figure on the left highlights how the Western Alaska Range may be experiencing deformation because of its position on the edge of the inferred boundary between the Southern Alaska block (SOAK) and the Bering Plate. This is based on GPS velocities from Freymueller and others (2008). This image from Freymueller and others (2008) on the right shows a block model with block velocities relative to North America. Block boundaries are shown with thick lines, and other active faults with thin lines. Block boundaries are dashed where they are indistinct or uncertain. B, Bering; S, Southern Alaska or SOAK; Y, Yakutat; F, Fairweather. The boundaries of the Bering Plate remain unknown, so the Bering–SOAK boundary is indicated using multiple dashed lines to indicate a range of plausible boundaries. Only linear velocities are estimated for the Yakutat and Fairweather blocks, whereas the vectors shown here for Bering and SOAK are based on estimated angular velocities. The solid dot just south of Prince William Sound represents the SOAK–NOAM pole of rotation. One possible hypothesis is that the young deformation is related to the boundary with the Bering Plate, but more information is needed.



Photo by T.C. Wright

► New 40Ar/39Ar geochronology
 Extended Mt. Estelle plutonism to the south, highlighting the 

composite nature
 Dated new young porphyry system of Copper Joe

► Anomalous Copper and Gold 
► 3D voxel model of resistivity

 Shows a lower shell of conductive material that appears to connect 
to magnetite breccias at the surface

► Revelation Mountains uplift
 Suggests a region of rapid uplift and magmatic and 

hydrothermal alteration in the Western Alaska Range ~11 Ma

Conclusions
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Please contact the author at karri.sicard@alaska.gov, or go to our website for more information: www.dggs.alaska.gov



Project has benefited from unpublished 
data and discussions with geologists of:
► USGS Western Alaska Range Project (WARP) 

Millrock Resources Inc., Kiska Metals Corp.,
WestMountain Gold Inc., Alaska Earth Sciences

► Funded by the Alaska State Legislature as 
part of the ongoing Airborne Geophysical/Geological
Mineral Inventory (AGGMI) Program

► Field work: Larry Freeman, Evan Twelker, Rainer 
Newberry, Erik Bachmann, David Reioux, Colby Wright, 
Amy Tuzzolino

Future Work

► Geologic map of the Lime Hills C-1 Quadrangle with explanatory text
► U-Pb Geochronology 
► Data releases:  www.dggs.alaska.gov Contact: karri.sicard@alaska.gov   

Stop by the poster session or our booth with further questions

Acknowledgments & Future Work
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Presentation Notes
Please subscribe to the DGGS newsletter to receive information about our latest publications, or check our website for these materials. The recent geochronology report was just released last week and contains all the relevant lab information you may find helpful.Please contact me with any questions: karri.sicard@alaska.gov, and visit our website for the data: www.dggs.alaska.gov
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