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Presenter
Presentation Notes
During the past summer the Alaska Division of Geological & Geophysical Surveys conducted a geologic mapping and mineral assessment project in the Styx River Area. This is the preliminary analysis of the geochemistry and the petrology of the igneous rocks from the Styx River Map area, primarily the Lime Hills C-1 Quadrangle, Western Alaska Range.A big thank you to my co-authors for their help with field work, logistics, sample processing, data analysis, and reviews.Thank you to the Alaska Miners Association for the venue to give a status report on our on-going studies in the Styx River area.



Outline 

► Location 
► Geologic background 
► Summer accomplishments 
► Geochemical methods 
► Geochemical results 

 Pluton comparisons 
 Cu, Au, As, Ag, Mo, Bi 

occurrences 
 Sericite alteration patterns 

► Conclusions 
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Photo by T.C. Wright 

Presenter
Presentation Notes
Here is the layout of the presentation.
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Styx River Map Area Funded by the 
Legislature as part of 

the Governor’s 
Strategic and Critical 
Minerals Assessment 
Capital Improvement 

Project which 
supplements the 
ongoing Airborne 

Geophysical/ Geological 
Mineral Inventory 

Presenter
Presentation Notes
Highlighted in yellow is the location of the Styx River Map Area that the DGGS Mineral Resources Section investigated in the summer 0f 2013. The black box shows the location of the terrane map on the next slide. 



Geologic Setting: Terrane Map 

McGrath 

Anchorage 

WRANGELLIA 

YUKON-TANANA TERRANE 

Project Area 

Modified from Colpron and Nelson, 2011 
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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 later slides. The underlying country rock is the Kahiltna Assemblage of which current studies are trying to split the Kahiltna by constraining its source area as from a continental source to the NNW, or from the volcanic arcs of the Peninsular and Wrangellia terranes to the south and east (Box and others, 2012; Karl and others, 2013; Hults and others, 2013).



Styx Project Geologic Setting 

Cretaceous and Tertiary 
plutonic rocks 

Tertiary volcanics 

Jurassic-Cretaceous 
flysch 

Denali-Farewell 
Fault System 

Map modified from Wilson and others, 1998 

Revelation 
Mountains 

Rainy Pass 

Tordrillo 
Mountains 

Lime 
Hills C-1 
Quad 
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Presenter
Presentation Notes
In the Lime Hills C-1 Quadrangle the dominant rock types are plutonic and volcanic rocks intruding into flysch, which 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) is likely Kahiltna Assemblage. The picture shows Kahiltna assemblage that was deformed from folding and faulting and intruded by felsic and mafic dikes.



Land Status and Mining Claims 
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Photo by T.C. Wright 

Presenter
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 pentagon symbols represent 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 (blue), with a little bit of native corporation land shown in pink. Denali National Park lies to the northwest, and Lake Clark National Park to the south in green.



Geophysical Surveys 
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(2008) 

East Styx Survey 
(2014) 

Farewell Survey 
(2014) 

Lime Hills 
C-1 Quad 

Dalzell Creek Survey 
(2013) 

Middle Styx Survey 
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nT 
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More negative 
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Presenter
Presentation Notes
The areas covered by the geophysical surveys from DGGS are symbolized as red, purple, maroon 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 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 the released surveys, 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, 2013) and then visit our website: www.dggs.alaska.gov 



2013 Field Mapping 

 

Geologic map modified from Gamble and others, 2013 

► 1863 stations with geologic 
observations 

► Collected samples 
► Refined map contacts 

significantly 
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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 locations visited where data was collected while in the field. 



► How does this data help us refine unit contacts, and improve mapping? 
 Do the pluton compositions overlap? 
 Do they cluster or have broad ranges? 
 Can we split or combine plutons based on these trends? 

► How does our data compare to USGS data and to mineralized plutons in 
the area such as the Terra pluton and the Mt Estelle pluton? 

► Where do we see mineralization and why is it there? 

Styx Project 
Geochemical 
Questions 
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Photo by T.C. Wright 

Presenter
Presentation Notes
These are the questions addressed in the rest of this presentation based on what we have been able to interpret so far from the data.  



Geochemical Analysis Methods 

► Broad lens XRF analyses (UAF) 
► ALS Geochemical Analyses 

 Bulk Rock: Major oxide, trace 
element with ICP-MS, four-acid 
digestion for Au-Pt-Pd 

► Stained slabs  
 HF acid, K stain 

 

 

10 Photo by T.C. Wright 

Presenter
Presentation Notes
The following data presented here comes from three main analyses. The broad lens XRF analyses are conducted on rocks that are cut into poker chip-sized disks, as shown in the lower left photo. Most of these analyses were on fine-grained extrusive rocks. 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. The ALS bulk rock analyses are the majority of the new results presented here. Cut and stained slabs that were analyzed with photo software to estimate major mineral compositions are another independent analysis that is not as exact but provides another comparison. This is a first assessment of the data from the plutonic rocks, which we will continue to analyze and interpret. 



Geologic Map 
with 

Geochemical 
Symbology 
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Geologic map modified from Gamble and others, 2013 

Presenter
Presentation Notes
The symbols shown on this map will be used for each of the different units throughout the rest of the presentation. This map also shows the general geographic distribution of the geologic units.



Pluton trends: Total Alkalis vs. Silica 
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► This new data 
compares with 
previously published 
USGS data and industry 
data 

Presenter
Presentation Notes
This plot of Total Alkalis vs. Silica (TAS) shows the general spread of the data. While this plot is usually used to show extrusive rocks, we use it to show the general spread of the data, especially since it compares favorably to the USGS data from the Lime Hills quadrangle as shown in a raspberry color, and other industry data from Millrock’s Estelle prospect (gray), and West Mountain/Corvus Gold’s Terra prospect (green). The key in the lower right remains the same for the rest of the plots. The two different colors of volcanic rocks represent different data collection methods; gray is XRF data while orange is from bulk rock major oxide analyses (from ALS) as are the rest of the data in this plot. 



Merrill Pass pluton (Tmp)  
40.0-41.6 Ma (Ar/Ar) 

 

► Biotite granite to granodiorite to 
alkali-feldspar granite 

► Hypidiomorphic granular 
textures with miarolitic cavities 

► Intrudes upwards into Tertiary 
volcanics (Tv) 
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Stained slabs 

Presenter
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 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. 



Merrill Pass pluton (Tmp) 
40.0-41.6 Ma (Ar/Ar) 

 

► Compares to USGS and 
industry data 

► At least two phases of Tmp 
► Highly magnetic phase may 

have a separate trace element 
signature 
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Stained slabs 

Presenter
Presentation Notes
The upper left plot (SiO2 vs K2O) shows a rather broad spread of the Merrill Pass unit. The diagram to the right of immobile trace element ratios shows a tighter clustering of the data into two groups, supported by the stained slab data in the lower left plot. The stained slab data is more scattered, likely from higher error associated with this method.We are still investigating whether the two phases of the Tmp are related to higher and lower magnetic phases, as addressed on the next two slides.



High and Low Magnetic Merrill Pass 

► 7200 Resistivity w 
color bar 

► Timber creek fault 
mapped and extends 
in 
 

► Trace element 
signatures of high 
and low mag appear 
the same in spider 
diagram 

► Some of the volcanic 
rocks are similar to 
Merrill Pass pluton 

Geologic Map contacts from Gamble and others, 2013 
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Presenter
Presentation Notes
In the magnetic data, and in the field we observed at least two phases of the Merrill Pass pluton with different magnetic properties. The Merril Pass pluton in the north is much less magnetic than the one to the south (seen more easily on the next slide), and corresponding with these observations were textural differences observed in the field. The next slide has the same scale and information, but rather than an overlay of the geologic map from Gamble and others (2013), it shows the magnetic data. The trace element spider diagram outlines data for the samples taken from the low mag area (blue) Tmp and the high mag area (pink) based on field observations. The trace element data does not show any large distinction between those two, however we had only two samples representing the high mag area of the Tmp. In order to look for patterns that could show up and help us differentiate the two phases we need more sample analysis from the high mag Tmp. Interestingly the volcanic rocks represented in the plot (orange pentagons) do overlap with the Tmp and likely show related magma sources.



High and Low Magnetic Merrill Pass 

► 7200 Resistivity w 
color bar 

► Timber creek fault 
mapped and extends 
in 
 

Geologic Map contacts from Gamble and others, 2013 
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► Trace element 
signatures of high 
and low mag appear 
the same in spider 
diagram 

► Some of the volcanic 
rocks are similar to 
Merrill Pass pluton 

 

Presenter
Presentation Notes
In the magnetic data, and then in the field we observed at least two phases of the Merrill Pass pluton with different magnetic properties. The Merril Pass pluton in the north is much less magnetic than the one to the south, and corresponding with these observations were slight textural/mineralogical differences observed in the field. The trace element spider diagram outlines data for the samples taken from the low mag area (blue) Tmp and the high mag area (pink) based on field observations. The trace element data does not show any large distinction between those two, however we had only two samples representing the high mag area of the Tmp. In order to look for patterns that could show up and help us differentiate the two phases we need more sample analysis from the high mag Tmp. 



Volcanic rocks (Tv) and dikes 
33.6 to 41.0 Ma (Ar/Ar) and 51-58 Ma 
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► At least two separate trends 
► 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 
 

XRF   ICP-MS 

 

Presenter
Presentation Notes
The volcanic rocks (symbols: gray and orange pentagons for XRF and major oxide analyses respectively) also cover a large area of the quadrangle, and from the previous slide and field relationships we see similarities to the Merrill Pass pluton. Starting on the left diagram, which is the same K20 vs. silica diagram as in previous slides, you can see that the volcanic rocks (outlined in black) have two clusters, one very broad, and one much tighter, overlapping Merrill Pass. The right diagram of P2O vs. silica also shows the two clusters with two distinctive trends, likely from different fractionation histories. In the field we have observed, that the dikes throughout the area range in composition, therefore it is no surprise that they have a broad range on the geochemical plots.



Crystal Creek pluton (Tcc)  
60.0 Ma (K/Ar) 

► Biotite-hornblende alkali-feldspar granite 
to granodiorite 

► Medium to coarse-grained, seriate to 
porphyritic, hypidiomorphic-granular 

► May correlate with Chilligan porphyry 
(unpublished data) 

► Has two groups 
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Presenter
Presentation Notes
The Crystal Creek pluton varies greatly in composition. The age is from 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.The stained slab diagram shows at least two clusters of Crystal Creek pluton data. The next slide addresses these clusters in more depth.



Crystal Creek pluton (Tcc)  
60.0 Ma (K/Ar) 

► Likely correlates with Chilligan 
porphyry 
 Similar trace element signatures 
 Fractionalization of plagioclase (Sr) 

and apatite (P) 

► Two phases of Crystal Creek 
pluton  
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Chilligan porphyry  

Presenter
Presentation Notes
The left plot of K2O vs. silica shows the Crystal Creek pluton in the high potassium and high silica range in two tiny but very tight clusters. The similarities between the Chilligan porphyry (purple field) geochemical data and the Crystal Creek pluton (purple plus signs) are seen in the trace element spider plot on the right. The red circle around the Heavy Rare Earth Elements (HREE’s) highlight the slight differences between the two possible phases.



McKinley suite(?) granites (Tms) 
 65.0 Ma (Ar/Ar)  

20 

► Biotite granite 
► Fine- to coarse-grained seriate, 

hypidiomorphic-granular or 
porphyritic, megacrystic 

► Does not correlate with other ages 
for this plutonic sequence 
 

Presenter
Presentation Notes
The McKinley sequence granites form a nice tight cluster on the stained slab QAP diagram, and an even tighter cluster on the SiO2 vs. K2O plot. The McKinley sequence appears to form a cluster within the Merrill Pass granite, so it is important to look further into the relationship between the two. Gamble and others (2013) cited the age of the McKinley suite as being different from the samples collected here, but some of that may be from K/Ar and Ar/Ar dating method errors. We hope our dating will help clarify the age discrepancies.



Mount Estelle pluton (Tme) 
 62.1 Ma, 64.1 Ma (K-Ar), 69.7 Ma (U/Pb) 

► Biotite-hornblende granodiorite 
► Chiefly medium- to coarse-grained, 

seriate, hypidiomorphic-granular 
► Contains aplite and lamprophyre 

dikes (NW trending) with quartz, 
arsenopyrite, chalcopyrite, and 
magnetite veins 
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Presenter
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. 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 geochemical data has spread as seen on the stained slab data, but a nice cluster 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.



► Hornblende-pyroxene-biotite gabbro 
► Fine- to medium-grained, seriate, 

hypidiomorphic-granular 
► Cretaceous 
► Cu, Au, Ag mineralization 
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& Igneous 
undifferentiated (TKiu) 

South Fork pluton (Kgb) 
71.4 Ma (K-Ar) 

 

Presenter
Presentation Notes
The South Fork pluton contained copper mineralization, and has a K-Ar date that can be improved upon. This will help determine the igneous undifferentiated unit as well because they are very similar in their composition.



& Igneous 
undifferentiated (TKiu) 

South Fork pluton (Kgb) 
71.4 Ma (K-Ar) 

 

► Identical spider diagram pattern 
shows relationship of South Fork 
(Kgb) to TKiu 
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South Fork pluton 

Presenter
Presentation Notes
The K2O plot shows how the similarities between the compositions of the South Fork pluton with the igneous undifferentiated unit, and the spider diagram shows their identical trace element signatures.



Unit Contact Improvements 

► 7200 Resistivity w 
color bar 

► Timber creek fault 
mapped and extends 
in 
 

► South Fork pluton identical to 
TKiu—igneous undifferentiated 

► Differentiate the highly 
magnetic Merrill Pass Pluton 
from the weakly magnetic unit 
with more trace element data 

► Subdivide Crystal Creek pluton 
► Many more 

Geologic Map contacts from Gamble and others, 2013 

nT 

More positive 
magnetic values 

More negative 
magnetic values 
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Merrill Pass pluton 

McKinley 
sequence(?) 

Volcanics 

South Fork 
gabbro 

Tkiu –igneous 
Undifferentiated 

Presenter
Presentation Notes
By looking at their map relationships it makes sense that the South Fork pluton and the igneous undifferentiated unit are the same mappable unit that was segmented by the Tertiary volcanics in a caldera as it is mapped here. Other mapping relationships listed will be further improved upon as listed. 



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 
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Presenter
Presentation Notes
Areas of known mineralization were investigated further, and the next slides show how they correspond with the geochemical results. 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. 



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

► Z = value-mean 
    std dev 
(Actual values will be 

released in geochemical 
reports)  

Presenter
Presentation Notes
The copper-colored circles highlight areas with copper occurrences based on geochemical samples collected and analyzed. The larger the dot the higher the Z value, or amount that sample was above the mean of all the samples from this area. Please reference the data from the website for actual values (Sicard and others, 2014). The following slides show different important metals and elements besides copper.
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Copper & Gold 
occurrences 

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

► Z = value-mean 
    std dev 
(Actual values will be 

released in geochemical 
reports)  

Presenter
Presentation Notes
The gold circles highlight areas of gold mineralization, and the larger the dots the higher the Z value. Copper circles are left on from the previous slide.



Arsenic, Gold & 
Copper 
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► Points are colored by 
standard deviations 
above or below the mean 

► Z = value-mean 
    std dev 
(Actual values will be 

released in geochemical 
reports)  

Presenter
Presentation Notes
The purple circles highlight areas with high arsenic values since it is usually associated with gold mineralization. Copper and gold circles are left on from the previous slides.



Silver, Arsenic, 
Gold & Copper 
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► Points are colored by 
standard deviations 
above or below the mean 

► Z = value-mean 
    std dev 
(Actual values will be 

released in geochemical 
reports)  

Presenter
Presentation Notes
The silver circles highlight areas of silver mineralization, and the larger the dots the higher the Z value. Copper, gold, and arsenic circles are left on from the previous slides.



Molybdenum, 
Silver, Arsenic, 
Gold & Copper 
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► Points are colored by 
standard deviations 
above or below the mean 

► Z = value-mean 
    std dev 
(Actual values will be 

released in geochemical 
reports)  

Presenter
Presentation Notes
The blue circles highlight areas of molybdenum mineralization, and the larger the dots the higher the Z value. Copper, gold, arsenic, and silver circles are left on from the previous slides.
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Bismuth, 
Molybdenum, 

Silver, Arsenic, 
Gold & Copper 

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

► Z = value-mean 
    std dev 
(Actual values will be 

released in geochemical 
reports)  

Presenter
Presentation Notes
The green circles highlight areas of high bismuth values, and the larger the dots the higher the Z value. Copper, gold, arsenic, silver, and molybdenum circles are left on from the previous slides.This slide shows all the highlighted areas for mineralization, which correspond to the areas of know mineralization; Copper Joe, the Jimmy Lake epithermal zone in the north-central portion of the C-1 Quadrangle, another dike swarm in the NE in the Mount Estelle pluton, and sites in the ARDF files within the South Fork pluton. The samples collected also fall outside the know mineralization areas, expanding the know mineralization substantially.



Sericite alteration and Gold 

► Blue circle = 
unaltered rock 

► Red line shows 
alteration trend of 
sericitization  

► Trend corresponds 
with gold 
enrichment zone 

32 

Biotite 

(Sericite ) 

Presenter
Presentation Notes
This plot shows an interesting pattern in the sericite alteration related to gold: with sericitic mineralization we see elevated Z values (red and orange dots), which corresponds to elevated Au concentrations. As soon as the samples fall into any other alteration trend, or are completely unaltered, the Z values fall below the mean – no Au or very low Au concentrations.



Conclusions 
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Photo by T.C. Wright 

► How does this data help us refine unit contacts, and improve mapping? 
 Do their compositions overlap? Yes, some are more similar than others 
 Do they cluster or have broad ranges? McKinley Suite, Estelle, & South Fork cluster  
 Can we split or combine plutons based on these trends? Merrill Pass & Crystal Creek 

are broad and can be divided, TKiu undifferentiated is = to South Fork 

► How does our data compare to USGS data and to mineralized plutons in 
the area such as the Terra pluton and the Mt Estelle pluton?  

 There are similarities as expected, further trace elements analysis can help 

► Where do we see mineralization and why is it there?  
 There are highlighted areas of mineralization, and stay tuned… 

Presenter
Presentation Notes
Preliminary conclusions are highlighted in yellow from the questions posed earlier in this presentation.



Future work & Acknowledgements 
► Detailed geologic map of the Lime Hills C-1 Quadrangle with 

explanatory text 
► Analyze and release structural data 
► Analyze and release age data 
► Geochemical data report coming soon: 
  www.dggs.alaska.gov 
Thank you: 
► Alaska Miners Association 
► USGS Western Alaska Range Project  
  (WARP) 
► Millrock, WestMountain (Corvus),   
 Kiska, Alaska Earth Sciences  Contact: karri.sicard@alaska.gov 
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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. Thank you to AMA for this venue to present our preliminary results. Thank you to the USGS for their help and collaboration, and to the companies listed who provided data, guidance, and help in the field. Please contact me with any questions: karri.sicard@alaska.gov, and visit our website for the data: www.dggs.alaska.gov

http://www.dggs.alaska.gov/


Thanks for your attention 
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Photo by T.C. Wright 

Contact: karri.sicard@alaska.gov 

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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Presentation Notes
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