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Presenter
Presentation Notes
During the past summer the Division of Geological & Geophysical Surveys conducted a geologic mineral assessment project in the Styx River Area.
Thank you to my co-authors for help with field work, logistics, sample processing, data analysis, and reviews.
This is a part of Governor Parnell’s Alaska Geophysical and Geological Mineral Inventory (AGGMI) program.
Thank you to the Alaska Mining Association for the venue to give a status report on our on-going studies in the Styx River area.
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Presenter
Presentation Notes
Highlighted are the locations of the two projects that the DGGS Mineral Resources Section investigated this summer.


Styx Project Goals

» Collect sufficient data to
produce a detailed map of
the Lime Hills C-1
Quadrangle

» ldentify and characterize
mineralization

» Determine appropriate ore
deposit models

» Understand the timing and
character of faulting

» Evaluate the geochemistry
of different plutons


Presenter
Presentation Notes
The main goal of the project was to collect sufficient data to produce a detailed map of the Lime Hills C-1 Quadrangle, and in accomplishing that goal we were able to study the mineralization in detail and try to work on the ore deposit models for the area. The faulting story is complex and we want to continue working on how the faulting and jointing may relate to the mineralization by looking at cross-cutting relationships. We sampled extensively to evaluate the geochemistry of the plutons, as well as of different dikes and veins. 


2013 Styx Program Accomplishments

» —~4 weeks: 207 person-days
Samples collected:

70 for major oxide rock geochem
197 for thin sections (18 oriented)
157 for geochem/trace elements
460 for broad lens XRF analyses
98 for stained slabs

53 for age analysis

vV v vy vyyvyy

= 740 rock stations
= 564 structural observations

= |n total: 1863 stations with
geologic observations
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Presentation Notes
We are pleased with how much we accomplished in the field this summer. We collected many samples (as listed above), and are still evaluating our budget to determine how many of the samples collected we can analyze. We hope to conduct as many analyses as possible.


Previous Work

1970s: USGS regional
mapping/sampling

1970s—80s: US Bureau of Mines
Strategic Mineral Assessment

1980s—90s: DGGS Mapping-McGrath
Quadrangles

1990s to present: Mineral Exploration
by WestMountain, Millrock, Kiska,
Alaska Earth Sciences and others

2011—present: USGS Western Alaska
Range Project (WARP)

2008—present: Geophysical Surveys
flown by DGGS
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Presentation Notes
Much work has been done in western Alaska Range because of the great mineral potential. We owe a great thanks to the companies working in the area who showed us around their claims and prospects and gave us access to very helpful data: WestMountain (Corvus), Millrock, Kiska, Alaska Earth Sciences. This helped us tune our eyes to the mineralization in their areas and look for similarities in our mapping area. We also owe thanks to the USGS who has been working on the WARP Transects and who shared data and discussions that helped us understand the area better. 


Styx Project Geologic Setting: Terrane Map
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Presentation Notes
Notice the location of the Project area in relation to the Denali-Farewell Fault system. The underlying country rock is the Kahiltna Assemblage of which there are current studies trying to further constrain source areas as from a continental source to the NNW, or from the volcanic arcs of the Peninsular and Wrangellia terranes to the S and E (Box and others, 2012; Karl and others, 2013; Hults and others, 2013). Note the relation of the field area to the Denali-Farewell Fault system, as this will be an important reference point in later slides.


Styx Project Geologic Setting

\ Jurassic-Cretaceous

flysch
Lime Cretaceous and Tertiary
aillis ©-1 plutonic rocks
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Map modified from Wilson and others, 1998
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Presentation Notes
The flysch in our mapping area is likely Kahiltna Assemblage based on previous work by Bundtzen and others (1997) in the McGrath Quadrangle, and from detailed work done by the USGS WARP team (Box and others, 2012). In the Lime Hills C-1 Quadrangle the dominant rock types are plutonic and volcanic rocks. The picture shows Kahiltna assemblage that was deformed from folding and faulting.


Land Status and Mining Claims
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Project : :
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Presentation Notes
There is much mining interest in the area as shown by the red and green ARDF (Alaska Resource Data Files) lode deposit sites that can be accessed online. The green pentagons are copper, gold, and molybdenum porphyries related to Millrock and Kiska Prospects, the red pentagon is the Terra gold prospect associated with Ben’s Vein. You can see the large number of State Mining Claims shown in white gridded boxes. Almost all the land is state-owned land, with a little bit of native corporation land. Denali National Park lies to the northwest, and Lake Clark National Park to the south.


» 740 geologic observations
» 564 structural observations

» TOTAL: 1863 stations with
geologic observations

Geologic map modified from Gamble and others, 2013


Presenter
Presentation Notes
The collection of so many data points while in the field was possible with our handheld Juno 5 devices shown in the picture, and from helicopter support on our traverses. We had broad coverage as shown by the colored dots that represent places we collected data points while in the field. 


Mapping Accomplishments

» Sedimentary host rock

» 5 Major plutonic rocks

» Volcanic and hypabyssal rocks
» Mafic to felsic dike swarms

Geologic map modified from Gamble and others, 2013


Presenter
Presentation Notes
Labeled on the map are the main units we observed. The following slides will show more detail about these units. The USGS released a compilation map in the spring of 2013 that we used as our base map in the field (Gamble and others, 2013). It was an invaluable resource as we were mapping and provided a helpful framework for our observations, but we were able to refine the line work and will likely subdivide more units once we combine our geochemical results with geochronologic and geophysical data.


Sedimentary rocks, undifferentiated (Ks)

» Dark grey to black, interbedded
mudstone, siltstone, and
graywacke turbiditic sequences

» Roughly Cretaceous age

» Large-scale folding and faulting,
layer parallel slip

Intruded by felsic and mafic dikes,
plutons, and hornfelsed

Samples collected for detrital
zircon and thin section studies to
help locate within detailed USGS
framework of Kahiltna assemblage



Presenter
Presentation Notes
The Kahiltna is the country rock into which the intrusions were emplaced. The Gamble and others (2013) map was not able to subdivide the units so they are labeled as undifferentiated. The top left picture likely shows Kahiltna beds, representing a turbidite sequence. The top right picture shows crystal fiber steps from layer parallel bedding plane slip. The lower picture shows large-scale folding on a hillside in the sedimentary flysch units near the Lime Hills C-1 Quadrangle, as seen from the helicopter. A felsic dike cuts through the folded layers with unknown age relationships.


Merrill Pass pluton (Tmp)

» Chiefly biotite granite grading
Into granodiorite and alkali-
feldspar granite

» Hypidiomorphic granular
textures with miarolitic cavities

» Tertiary: 40.0-41.6 Ma (Ar/Ar)

» Highly magnetic phases and
weakly magnetic phases

» Intrudes upwards into Tertiary
volcanics (Tv)

» Seems to pre-date and post-
date Tv

» Ar/Ar ages will support cross-
cutting relationships


Presenter
Presentation Notes
One of the largest and most important units is the Merrill Pass Pluton that has a lot of variation. Some of the new observations we made are 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 Ar/Ar and/or U/Pb dates will help our interpretations. The top right picture and bottom picture show some inclusions that were found near the contacts. The middle picture shows the pink Tmp with grey Tv overlying it where it also intrudes up into the Tv. A fault and a pink felsic dike are also present along the ridge in the middle right of the picture. 


McKinley sequence(?)

Crystal Creek pluton (Tcc) granites (Tms)
» Biotite-hornblende alkali-feldspar » Biotite granite
granite to granodiorite » Fine- to coarse-grained seriate,
» Medium to coarse-grained, seriate hypldlomprphlc-granular or
to porphyritic, hypidiomorphic- porphyritic
granular » Tertiary: 65.0 Ma (Ar/Ar) on
» Tertiary: 60.0 Ma (K/Ar) porphyritic phase

» Does not correlate with other ages

» May correlate with Chilligan _ ;
for this plutonic sequence

porphyry (unpublished data)
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Presentation Notes
The Crystal Creek pluton has some nice exfoliation weathering in the left picture, and also varies greatly in composition. The age is K/Ar, which can be improved upon with Ar/Ar or U/Pb dating, which could also help resolve its relationship with the Chilligan porphyry. 

What is mapped as McKinley sequence(?) granites have an age discrepancy with the other pluton ages in this sequence. We hope to improve this ambivalent relationship with further dating. One of the feldspar megacrysts is visible in the left picture. 


Mount Estelle pluton (Tme)

Biotite-hornblende granodiorite

Chiefly medium- to coarse-grained,
seriate, hypidiomorphic-granular

Tertiary: 62.1 Ma, 64.1 Ma (K-Ar),
69.7 Ma (U/Pb) from Millrock’s
Stoney prospect

Contain aplite and lamprophyre dikes
(NW trending) with quartz,
arsenopyrite, chalcopyrite, and
magnetite veins

South Fork pluton (Kgb)

>
>

>

Hornblende-pyroxene-biotite gabbro

Fine- to medium-grained, seriate,
hypidiomorphic-granular
Cretaceous 71.4 Ma (K-Ar)
Copper mineralization
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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. We saw similarities between the mineralization in our area and what we saw at Millrock’s prospects. The precise U/Pb date from Millrock is over 20 miles away from the outcrops in our field area.

The South Fork gabbro contained copper mineralization, and has a K-Ar date that can be improved upon. 


Plutonic Rocks Preliminary
Geochemical Results

» Broad lens XRF analyses (University of
Alaska Fairbanks, Dr. Rainer Newberry)
= Fast, economical, assists mapping

Fine-grained intrusive rocks
Dominantly calc-alkaline
Mostly metaluminous

Mainly volcanic arc granites (VAG) or within
plate granites (WPG)

v vyyy
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Presentation Notes
The broad lens XRF analyses are conducted on rocks that are cut into poker chip-sized disks, as shown in the upper right photo. The results in this slide are from intrusive rocks with red signifying plutonic rocks, grey representing rocks labeled “porphyritic” in the field, and black representing rocks labeled “mafic” in the field. The XRF analyses allow for us to check our field identifications through a suite of major oxide and select trace element data. In some cases it is difficult to tell whether a fine-grained rock is felsic or mafic, and this tool allows us to add confidence to our observations quickly and economically. 
This is a first assessment of the data from the plutonic rocks, which will be interpreted more in the following months. 


Volcanic and Hypabyssal Rocks



Presenter
Presentation Notes
The results in this slide are from volcanic and hypabyssal rocks with purple signifying rocks labeled “volcanic” in the field, grey representing rocks labeled “porphyritic” in the field, and black representing rocks labeled “mafic” in the field. You can see that field identification of fine-grained rocks is difficult and rocks labeled “mafic” in the field vary widely in terms of their silica content. Some fine grained black or green rocks were hornfelsed sedimentary rocks, and some rocks were altered. Much more evaluation of the data is necessary before it will be released in publications. The lower left picture shows flattened vesicles in a volcanic flow. The middle picture shows some volcanic and porphyritic textures. The picture on the right shows a felsic porphyritic  dike intruded into the Mount Estelle pluton, with magnetic veins associated with tourmaline. 


Dike Swarms

» Mafic to felsic compositions

» Aphanitic to porphyritic

» Cutting through sedimentary rocks
and the Mt Estelle pluton

» Locally contain py and sericite alt'n

» Mafic dikes dated by USGS as 51-
58 Ma, NNW striking, W dipping


Presenter
Presentation Notes
Interesting dike swarms were observed in the mapping area with a broad range of compositions and textures and local pyrite and sericite alteration. We hope to investigate these further with geochemistry and geochronology since there are similar mafic dikes dated by the USGS (Haeussler and others, 2013). Their orientations are also important and need to be analyzed further. Lamprophyre dikes in the Mount Estelle pluton were also generally NNW striking. 


Geophysical Surveys

Farewell Survey
(2014)

Dalzell Creek Survey
(2013)

Middle Styx Survey
(2013)

East Styx Survey
(2014)

Styx River Survey
(2008)


Presenter
Presentation Notes
The outlines of the areas that geophysical surveys from DGGS cover are shown in different colors. The Styx River Survey was the primary survey we used in the field because it is in the Lime Hills C-1 quadrangle which is outlined in black. The Middle Styx and Dalzell Creek surveys were just released this November, 2013. The Farewell and East Styx surveys were completed by Fugro Airborne Surveys Corporation (now CGG) this fall and they should be released in 2014.  This figure shows the magnetic survey of each area, with the scale represented in the lower left. The separate areas are not on the same scale. For the publications please see the works cited slide (Burns and others, 2013) and then visit our website: www.dggs.alaska.gov 


Detalled
Geophysical
Datasets

» Improves geologic unit
contacts by helping to
distinguish plutons from
volcanic and sedimentary
units

» Highlights faults and
regional structures

More positive
magnetic values

More negative

magnetic values
nT

Geologic Map contacts from Gamble and others, 2013
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Presentation Notes
This figure shows the Lime Hills C-1 quadrangle magnetics data with the scale bar in the lower middle of the slide. 
�The detailed geophysical data sets allowed us to distinguish areas of highly contrasting magnetic properties, which allowed us to look for contacts while in the field. The contrasting magnetic properties and the areas of high or low conductivity (not shown in this presentation) allow us to look for areas that may be faults, lineaments, and zones of weakness. We can then use this information to aid in our fault and lineament mapping. 

The next slide will focus on the area outlined in red.


Fault and Contact Improvements

» Changed caldera interpretation

» 7200 Resistivity W with geophysics and ground
lor b checking
Halielr il » Changed fault contacts with
» Timber creek fault magnetics and resistivity

mapped and extends » Differentiated the highly
magnetic Merrill Pass pluton

in Volcanics ) _
from the weakly magnetic unit

More positive
magnetic values

More negative

magnetic values
nT

Geologic Map contacts from Gamble and others, 2013
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The magnetic data shown here gives an example of some improvements we were able to make to the map with this dataset. We are still in the early stages of analyzing the data, but by having these layers in the field on our handheld devices, we used it as a mapping tool. 

Some observations in the field were that the arcuate faults drawn in and interpreted as caldera structures in the middle  of the figure do not show up in the field, and the magnetic signature is the same across some of these contacts. The black lines are faults and unit contacts from Gamble and others (2013).

We have revised some of these fault contacts from a combination of our field work and the magnetic layers. Also we looked at the resistivity data to add and revise some faults while in the field. We are still working on improving fault interpretations since we could not see the faults clearly on the ground. 

And finally, we observed at least two phases of the Merrill Pass pluton that had different magnetic properties. You can see from the figure that the pluton in the north is much less magnetic than the one to the south, and corresponding with these observations were textural differences observed in the field. The next slide is the same scale and information, but has an overlay of the geologic map from Gamble and others (2013) at the same scale as this figure. 



Fault and Contact Improvements

» Changed caldera interpretation

» 7200 Resistivity W with geophysics and ground
lor b checking
Halielr il » Changed fault contacts with
» Timber creek fault magnetics and resistivity

mapped and extends » Differentiated the highly
" magnetic Merrill Pass Pluton

N from the low magnetic unit

More positive
magnetic values

More negative

magnetic values
nT

Geologic Map contacts from Gamble and others, 2013
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Presentation Notes
This slide has the same information as the last slide, but shows the geologic map from Gamble and others (2013). Some of the faults and contacts correlate with magnetic variations, and some do not.


>

Mineralization Highlights

Copper Joe porphyry system: impressive qtz-sericite-py alteration zone
= |Is it related to the Tertiary Merrill Pass pluton as mapped?

Cretaceous Mt Estelle granodiorite with Qtz-Cpy veins, Au?

Jimmy Lake epithermal system, related to NW trending dikes,
= Alteration and mineralization (gossan)

Many samples collected for analysis


Presenter
Presentation Notes
Some mineralization highlights we observed in our area will be supplemented with further data from our geochemistry and geochronology sampling and analysis. The lower left photo shows some highly altered rock, the middle picture shows Copper staining in the Mt Estelle pluton, and the lower right photo is from a valley with ferrocrete nearby the Copper Joe ARDF site. 


Ongoing Investigations

Follow-up lab work:
» Submit samples for geochemistry, geochronology, and thin sections

» Conduct petrographic and geochemical studies of rocks
» Analyze structural data

Products:

» Detailed geologic map of the Lime Hills
C-1 Quadrangle with explanatory text

» Geochemical data report

» Geochronologic data report



Presenter
Presentation Notes
We will continue to select samples to send off for further analysis, and produce the products listed. Please subscribe to the DGGS newsletter to receive information about our latest publications, or check our website for these materials throughout the following years. 


Thanks for your attention


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