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Presenter
Presentation Notes
Field area: 3500mi2 in Ray Mtns Area
Located 125mi NW of Fbx, north of Yukon R Bridge, south of Prospect Creek
RB: largest suite of plutonic rox in West-Central AK
Area chosen because it’s on state-selected lands, and partially within Trans-Alaska Pipeline Corridor
Mineral resource assessments carried out from June 24-August 5, 2013 & August 20-August 23-2014.
Funding from Alaska State Legislature through the Strategic and Critical Minerals Assessment program, which itself is a constituent of the Airborne Geophysical/Geological Mineral Inventory program.


1. Gravels in South better than North
2. SE gravels = the best

3. Variations due to plutons
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Presentation Notes
3 points to be made:
The gravels collected in the southern portion of the field area are enriched in REEs relative to those gravels sampled in the north.
The gravels in the southeast contain the highest HREE/LREE ratios.  These are the most valuable ratios.
The variations observed within the gravels are likely due to variations within the source plutons. 
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Presenter
Presentation Notes
REEs divided into LREEs & HREEs
Note that Y, though with an atomic number of 39, is grouped with the HREEs due to similar ionic properties.
LREEs, by their very nature, are more abundant  Worth Less
The HREEs are typically worth about 10x more than the LREEs
Eu is currently the most valuable REE
Hence, looking for areas w/ high tREEs AND high HREE/LREE ratios
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Presenter
Presentation Notes
Map showing locations of panned concentrate samples taken within the field area.
The larger symbols represent higher total REE concentrations.
The highest total REE concentrations are found in the south.
The colors represent the ratio of LREE/(HREE+Y).
The pink and red represent the lowest ratios, which are the most valuable ratios.  These colors are found in the southeast, in the Ray River &--more significantly—the No Name Creek gravels. 
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Presentation Notes
3 groups: North, South, No Name Creek
North: Lowest total REEs
South : Higher total REEs, but still dominated by LREEs
NNC drainages have anomalously high HREE/LREE ratios  INTERESTING


e Why Nvs. S?
* Why is No Name Creek different?
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Presentation Notes
Why does a division between the N and S even exist?
Why is NNC different than everything else?
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Presenter
Presentation Notes
Quartz, alkali feldspar and plagioclase diagram with 224 samples plotted.
Samples were hand samples that were slabbed, polished, stained, and analyzed using semi-quantitative digital analyses for modal abundances.
Majority of samples fall within monzogranite.
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Presentation Notes
Different dating techniques yield different results.
Average age for majority of Batholith ~ 110 Ma.



e Allanite ~ REE epidote |
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Presenter
Presentation Notes
Though all the rocks generally look the same and are classified as monzogranite, there are several differences between the rocks of the northern plutons and those of the southern plutons.
The northern plutons are characterized by a high-Ca mineral assemblage
Allanite is the dominant REE-bearing mineral.  Allanite is essentially the REE-equivalent to epidote.  Also, it has a relatively low density, thus it doesn’t concentrate in gravels well.
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Presenter
Presentation Notes
These are the sample locations for those thin sections where I have consistently identified the characteristic calcic assemblage of the northern plutons



* Monazite, p =5.2
(LREE)PO,

e Xenotime, p=4.8
(Y,HREE)PO,

e Coarse Muscovite
* |Imenite
e + Fluorite

* + Topaz
Al,SiO,(F,OH),

* Approx. No Allanite!
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Presentation Notes
The mineralogy is the southern plutons features the two REE-bearing phosphate minerals monazite and xenotime.
Note that monazite and xenotime have relatively high densities.
We also see coarse muscovite and ilmenite, and sometimes observe fluorite and even topaz.
The southern plutons feature essentially no allanite.
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Presentation Notes
These are the sample locations for those thin sections where I have consistently identified the characteristic mineral assemblage of the southern plutons
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Presentation Notes
Initial Sr isotopic ratios (iSIR) calculated for an age of 110 Ma.
Note the division:
To the north, the iSIR are all less than or equal to 0.715.
To the south, the iSIR are all greater than 0.715.
Note the mineralogy trends follow the iSIR trends, with the exception of the Fort Hamlin Hills pluton.
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Presentation Notes
The next three slides all feature TiO2 on the horizontal axis.  TIO2 is used because it is a robust indicator of fractionation, meaning the Ti content decreases uniformly with increasing degrees of fractionation.
The light blue trendline, representing the No Name pluton, will be disregarded for these three slides.
The Rb increases for all plutons (trends shown in varying colors).  
However, the initial Rb concentrations project back to two groups:
The northern plutons project back to an initial Rb value of ~ 180 ppm.
The southern plutons project back to an initial Rb value of ~ 300 ppm.
The Rb values in the southern plutons increase more rapidly with fractionation.
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Presenter
Presentation Notes
Ce is a proxy for the LREEs; Y is a proxy for the HREEs.  Ultimately, we here have LREE/HREE on the vertical axis.
All trends for all plutons appear to decrease with increasing fractionation, yet they do so at varying degrees.
The Ce/Y values for the northern plutons decrease at a slower rate than those of the southern values.
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Presentation Notes
Again, Y is a proxy for the HREEs.
Here, all values appear to project back to an initial Y concentration of ~ 30 ppm.  From there:
The northern plutons lose Y with fractionation.  Where is it going?  It’s possible that it goes into allanite, but allanite prefers the LREEs.  It’s also possible that Y goes into sphene.
The southern plutons become enriched in Y as fractionation increases.
Though Y goes into xenotime, it appears that the amount of Y going into xenotime is much smaller than the overall Y budget.


North

High-Ca

High fO,
— Sphene + magnetite
— Allanite

Bulk of REEs in allanite (p =3.4)
 Low Rb

e SIR<0.715

=» Source = Mafic? + Shale?

South

High-Al

High-F

 Lower Ca

* Low fO,

e REEs in phosphates (p =5)
e More REEs in gravels
 High Rb

e SIR>0.715

=» Source = Shale?

What about the indecisive Fort Hamlin Hills pluton???
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Presentation Notes
Comparing the northern and southern plutons
North
High-Ca mineralogy
Relatively oxidizing environment as evidenced by presence of sphene + magnetite, as well as allanite since it contains Fe3+
Bulk of REEs in north go into allanite.  Allanite, with its relatively low density, fails to concentrate in gravels.
The lower Rb values in the north reflect the lower iSIR.
All of these factors lead to the hypothesis of a mafic/shale mixture for the source rock.
South
Minerals with high-F and high-Al, low-Ca
Relatively reducing environment, as evidenced by presence of ilmenite
The REEs are found in the phosphate minerals monazite and xenotime, both which have relatively high densities and thus are better able to collect in gravels
The higher Rb values correspond with the higher iSIR
These factors lead to the possibility of a source with a higher crustal component, such as a shale
Now what about the Fort Hamlin Hills pluton?
After the 2012 field season ended, and data started coming in, we realized we didn’t have adequate information to understand what was going on in the bizarre FHH pluton.  So in August of 2013, we returned to the FHH area…
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Presentation Notes
We discovered the FHH pluton is actually two physically independent plutons separated by a hornfels screen.
This is the best attempt at a map of the pluton outlines.
To the north lies the smaller, newly designated No Name pluton, which shares the characteristics of the southern plutons.
To the south lies the larger, Fort Hamlin Hills pluton, which shares the characteristics of the northern plutons.
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Presenter
Presentation Notes
Whereas the bulk of the rocks—including those of the Fort Hamlin Hills pluton—plot as monzogranite, the seven samples from the No Name pluton plot exclusively as syenogranite.


* Most fluorite & topaz
* NN = |lacks allanite

* Rings of inclusions in

biotites
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Presentation Notes
As stated, the No Name pluton shares a southern-pluton affinity, including its mineralogy.
However, the No Name pluton is the only pluton entirely lacking allanite.
Additionally, the highest occurrences of fluorite & topaz are found in No Name.
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Presentation Notes
Again, we will have the same three geochemical graphs.  Now we will focus solely on No Name.
Here, No Name has some of the highest Rb values for given value of Ti.
Though we sampled all we could find, none of the No Name samples have Ti > 0.3%.
May indicate heightened fractionation
Additionally, these elevated Rb values correspond to No Name’s higher iSIR
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Presenter
Presentation Notes
As we noted with the panned concentrates, the No Name area has the lowest LREE/HREE ratios, which are slightly affected by fractionation.
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Presenter
Presentation Notes
Lastly, this graph is messy.  It’s clear, however, that No Name is different than the others.
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Presentation Notes
No Name has been dated to 107 +/- 2 Ma, so it is younger than most other plutons
However, Hot Springs is also younger, and Hot Springs adheres to northern “standards”, displaying the same mineral assemblage, similar fractionation patterns, low tREEs, etc.
Thus, if the age difference alone is responsible for No Name’s unique character, then Hot Springs should stand out as well.
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Presentation Notes
My preferred explanation as to why No Name is different than the others is because what we know as the small No Name pluton is rather just the top of a much larger pluton.
It is here at the top where volatiles, such as fluorine, as well as the more fractionated portions of the magma have migrated.
This would explain the low TiO2 samples we’ve collected at the surface.  --The higher Ti samples are deeper down.
I’ve also included idealized erosional levels for other plutons.  --All other plutons have much larger surface areas, and thus likely represent deeper erosional levels.
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Presentation Notes
Again, the pluton outline of the No Namae pluton.  Yet now I have included sample locations.
Note that we have sampled extensively—in areas we’ve been able to access.
Much of the pluton, and its gravels, is unknown.
This is due to the lack of access (road and helicopter), the extensive vegetation, the minimal outcrop, and the highly weathered bedrock.
There’s still much to be explored!
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