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Presenter
Presentation Notes
The DGGS geologic mapping project in the eastern Bonnifield area is sponsored by the Alaska Geological/Geophysical Mineral Inventory (AGGMI) Program that is funded by the Alaska Legislature as well as a Federally funded STATEMAP grant from the of the National Cooperative Geologic Mapping Program (Award number08HQAG0051) and matching Alaska State general funds.
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Presentation Notes
The east Bonnifield map area is located about 60 miles south of Fairbanks in the Northern Foothills of the Alaska Range, and 44 mile east of Healy.

The map area is at the east end of the 2007 Bonnifield Mining District Airborne Geophysical Survey.

Basically this presentation will be a progress report of the information that will be incorporated into a Geologic map and supporting pamphlet that will be released by DGGS as  Report of Investigations

Along the way we’ll highlight some of the similarities and differences between the Bonnifield and the Finlayson (Yukon Territory) Districts.


Prior geologic studies
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Currently the area is covered by 1:63,360 scale geologic maps By Wahrhaftig (1970) on mapping done mostly in the 1950’s shown in color on the left.
And by Gilbert, 1977 on mapping done in the mid 1970’s shown on the right in black and white
 District wide studies and reviews of the VMS deposits were done in the 1970’s by Bundtzen and Gilbert, 1978 and Newberry and others, 1997

Recently Cynthia Dusel-Bacon has conducted extensive geochronologic, geochemical and metalogenic studies in the Bonnifield District. This work provides provided a tremendous context to the rocks of the area and really gave our project a head start on and made our mapping efforts more efficient. Four of Dusel-Bacons published U/Pb Shrimp dates are shown.


2007 Airborne Geophysical Survey

FAIRBANKS B-4 FAIRBANKS B-3 FAIRBANKS B-2 FAIRBANKS B-1

FAIRBANKS A-3 FAIRBANKS A-2

HEALY D-4 HEALY D-3

(Burns, et al, 2007)
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Presentation Notes
This shows the map area in relation to 
2002 LibertyBell Geophysical Survey
2005 Libert Bell Map (Athey, etal, 2006)
2007 geophysical survey, Magentic and EM survey, was flown over areas with some of the more prospective mineral areas in the District. Many features of the geophysics such as patterens of conductive rocks, magenetic anomalies and apparent off set of geophysical patterns along lineaments are not depicted by the 1:63360 mapping

The Eastern Bonnifield  project, along with the 2005 mapping project in the Liberty Bell area, at the eastern end of the survey provides ground-truth geologic mapping so that the geophysical features can be more accurately interpreted.

Later in the talk I’ll use the geophysical maps to help illustrate the geophysical response associated with some of the rock types and structures.



reliminary Bedrock Geologic Map
astern Bonnifield
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We came out of the field with a draft compiled field map that was based on:
 Our map has substantial differences from the existing 1:63360 map including re-defining the metamorphic  map unit lithologies, Providing a better map depicting the distribution of Cretaceous and Tertiary igneous rocks, substantially improving the structural understanding.

Subject to some additional cross section interpretations, additional petrography, and peer review. Should be complete and released by the end of the year

Main map units are siliciclastic Healy Schist displayed as greens in the southern part of map area.
Gray graphite bearing schist, quartzite, and meta conglomerate of the Keevy Peak formation, in purple
Totatlanika Schist (Devonian-Mississipian) in blue shades,
Cretaceous intrusives in orange and pink,
Tertiary sedimentary rocks in browns


Healy schist 08JEAO1A

 Devonian (?) to Proterozoic

* Low conductivity and
magnetic susceptibility

* Quartzite, metagrit, quartz .
schist, green and maroon 2000 3000
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Presentation Notes
We’ve adapted three main units from earlier mapping;
Oldest to youngest (and south to north)
Healy Creek schist, Keavy Peak Formation, Totatlanika Schist

First the Healy schist, meta-siliciclastic rocks that form the apparent basement of the northern Alaska Range and formerly mapped as Birch Creek schist (Newberry etal 1997) 
Devonian to Proterozoic(?): intruded by late Devonian augen orthogniess. Marbles just south of the map area contain crinoid fragments (Gilbert and Bundtzen, 1979) 
Similar rocks 30 miles west contain 660 Ma detrital zircon (Bradley etal, 2007) . The detrital Zircons from our samples indicate a dominant Paleoproterozoic  provenance
Low conductivity and magnetic susceptibility
Quartzite, metagrit, quartz schist, green and maroon phyllite, marble, green and locally maroon slates.

Poly phase penetrative deformation in both the Healy Creek schist and Keevy Peak formation, prominent recumbant tight chevron style folds with axial plane cleavage, outcrop to map scale, folds both compositional layering and an earlier foliation.
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Keevy Peak formation (Wahrhaftig, 1968 , Csetjey etal, 1992)
Keevy Peak formation presumed age is Devonian to Neoproterozoic as it is intruded by Devonian augen orthogniess, and contains Neoproterozoic detrital zircons (upper right), the pattern of which is similar to other meta siliciclastic  in Yukon Tanana terrane (such as Wickersham grit & Fairbanks Schist Bradley, etal, 2007)

Distinctly conductive due to graphite content, consists of repeated intercalations of gray coarse to fine metasiliclastic rocks. 


Totatlanika Schist subdivisions
This study:

Previous mapping:

e Sheep Creek Member
— Epiclastic
— Tuffaceous

— Black carbonaceous
phyllite

e Mystic Creek Member
e Chute Creek Member
e California Creek Member

e Moose Creek Member

(Wahrhatftig, 1970 a & b, Gilbert,
1977, Dusel-Bacon, et al, 2004)

Quartzite-metagrit

Green, gray, maroon
phyllite/slate

Meta-volcaniclastic rocks
Peralkaline meta-rhyolite
Meta-mafic rocks
Meta-rhyodacite
Meta-granite
Meta-arkosic wacke
Black graphitic
phyllite/slate
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The previous studies in the area used stratigraphic packages comprised of multiple lithologies. Based on the geochemical work of Cynthia Dusel-Bacon and our mapping in the Liberty Bell area in 2005 we were determined to use lithologic map units. 

There is some correspondence between lithologies and the stratigraphic packages mapped by others: 
For instance the Sheep Creek epiclastic, tuffaceous, black carbonaceous phyllite correspond to our Quartzite-metagrit, green-grey-maroon slate and some of the black graphitic phyllite slate lithologic units.

The mafic rocks are restricted to what was previously mapped as the Chute Creek member (in this study area)

However the other stratigraphic members are comprised of various mixtures of volcanic and metasedimentary rocks that appear to have little continuity along strike. On the other hand individual litholgies form intercalated, but mappable lithologic units listed on the right, it is unclear how much of the intercalation is a result of original volcano-sedimentary facies overlap and how much is due to fold and thrust repetitions.  







Totatlanika Schist meta-
sedimentary rocks

 Green metagrit
 Meta volcaniclastics
 Meta-arkosic wacke
« Graphitic phyllite
Phyllite-slate 4
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Some examples of the metasedimentary rocks of the Totatlanika Schist

Green metagrit(upper right photo) , the upper-most lithology of the Totatlanika Schist, corresponds to Wahrhaftigs Epiclastic facies of the Sheep Creek Member, pale greeninsh blue unit on map.  
Meta volcaniclastic breccia (lower right photo), and finer grained meta-volcaniclastic rocks are present in what was previously mapped as Moose Creek, Mystic, and Sheep Creek Members, pale blue unit on map.
Meta-arkosic wacke (lower left photo) is present in what was previously mapped as the California and Moose Creek members (medium blue map unit) generally the stratigraphically lowest unit.
All of these rocks are intercalated with slate and phyllite as well as graphitic slate and phyllite.


Totatlanika Schist Meta-
Igheous rocks

e Tablular to lensoidal

e Contacts typically
cleavage-parallel

e Local relict primary
textures/structures
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In general, coherent meta-felsic rocks form tabular to lensoidal bodies with most contacts parallel to cleavage. 
Locally, primary textures are preserved which indicate original relationships with the enclosing metasedimentary rocks. In some cases:
The rhyolites form sharp contacts characterized by chilled margins and hornfels (lower right), 
Relict columnar jointing (upper right), and 
Pepperite (lower left) indicating reaction quenching and interaction of rhyolite with wet unconsolidated sediments either as submarine flows or as sills and domes intruded into wet, unconsolidated sediments. 

Meta-felsic rocks occur through out all parts of the Totatlanika Schist except for the quartzite and metagrit. 



Metafelsic textural varieties
* Aphanitic - aphyric

o Porphyritic quartz/feldspar
 Megacrystic potasium
feldspar-bearing

147°30'W
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Texturally the rhyolites form three somewhat distinct mappable varieties:
aphyric (upper right ) with less than 5% very fine quartz or feldspar, but frequently with relict amygdules or vesicles (previously mapped as Devoinian and Tertiary felsite) (light blue map unit)
Quartz/feldspar phyric (middle right) with 1-3 mm phenocrysts ranging from 10-30 % prevously mapped in the Mystic, California, Moose, and Chute Creek members (also light blue map unit)
Potassium feldspar porphyroclastic orthogneiss (megacrystic meta porphyry)  with variabley rounded euhedral or broken megacrysts of potassium feldspar in a foliated cataclastic aphanitic to medium grained matrix with relict phenocrysts of quartz and feldspar (lavender unit on map)
Metamafic rocks are dark blue map unit.

Note relative small volume of coherent felsic rocks compared to the metasedments, and that orthogniess is present as foliation modified dikes and sills in the Healy schist and Keevy Peak Formation


Totatlanika Schist
e Bimodal volcanism
e Alkali-basalt

 Rhyodacite/granite
« HFSE enriched
peralkaline rhyolite
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Rb-Y-Nb variation (Pearce, etal, 1984
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Dusel-Bacon, 2004 found bimodal volcanism in the Totatlanika Schist and further noted the presence of two distinct suites of rhyolites, one a peralkaline suite with remarkably high HFSE Nb > 93, Y > 57 Zr > 460

Semi quantitative analyses hand-held XRF was used in the field to determine which suite we were, generally using Zr values.

Once back from the field we used XRF on polished slabs of fine grained rocks to give us a quick and fairly clean way to analyize large numbers of rocks for identification purposes and traditional major oxide and trace element analyses for more accurate lithochemistry. Our data (Freeman etal, 2009) agrees with Dusel-Bacon’s data. There are some things to note in these plots:
K-spar porphyroclastic  orthogneiss (green triangles) and rhyodacite (green circles)  are chemically identical.
Sediments (‘x’ and ‘+’) inherit chemical ratios from the volcanic source rocks; some plot in the rhyodacite field, some in the peralkaline rhyolite field.
Dusel-Bacon asserts that the “Mystic” peralkaline rhyolites have ages ranging from 356 to 363 Ma, correspond with the Mystic Member and the lower Sheep Creek Member of Wahrhaftig whereas the rhyodacites are older (365-374 Ma) and correspond with the California and Moose Creek members of Wahrhaftig. While we agree that the two felsic rock series are lithochemically distinct and represent contrasting tectonic environments, the age errors of the two series overlap, and field evidence indicates that the two series and the derived volcaniclastic metasediments are intercalated.

Rhyolites in from the Wolverine VMS deposit in the Yukon are slightly younger (352 Ma and 346 to 347 Ma), are not as enriched in HFSE (Piercy et al, 2008) as Bonnifield peralkaline rhyolites.


Cretaceous Plutons & Dikes
Eastern Bonnifield

Mining District
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Mesozoic plutons/dikes and one strange Tertiary variety

Megacrystic quartz monzonite in the north (Pink map unit) has strong magnetitc suseptibility, and is characterized by distinct airborne magentic anaomalies (plotted as circles)
Equigranular granaodiorite Kansas Creek pluton, and related monzodiorite to granodiroite (in orange in the south part of the map) are indististinct magnetically (plotted as triangles).

Kansas Cr stock is thrust over Tertiary coal-bearing sedimentary rocks as well as locally over Quaternary moraine.
Ages from Benowitz, etal, (2011)
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There is a lot to say about the structural geology. We’ve presented the story elsewhere so I’ll keep it short keep it short:
Yes there are folds, multiple generations, at least two penetrative deformations, with  on going folding through Neogene.
Yes there are faults, quite a few, in fact, some are probably still active.
Now for mineralization:
Shown here are the volcanogenic massive sulfide prospects in the map area, first I’ll talk about the Dry Creek VMS:


Dry Creek (Red Mountain Creek)

- DC North inferred resource:
tGrayd, 1999) « 2.9 million tonnes

*4.4% Zn, 1.9 % Pb, 0.2 %Cu

SRR « 93.6 g/t Ag, 0.55 g/t Au

“Fosters Creek . (Grayd, 1999) .
B AT T TR

&,

(Grayd, 1998)

DC98-41
No Intercept
Fault Window

21.18-86.47m
0.10% Cu
1.98% Pb
4.23% Zn
71.52 g/t Ag
0.48 g/t Au
[

//
//

DC98-40
6.1-422m
0.22% Cu
2.56% Pb
6.24% Zn
183.0 g/t Ag

Fosters Creek Zone - Section 7900E
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Dry Creek mineralization occurs in package of altered volcaniclastic and graphitic metasediments with peralkaline metarhyolite bodies in the footwall. The rocks are steeply north-dipping to vertical and overt

Photo upper right looking SE at red mountain Cliffy dark gray rocks are peralkaline metarhyolite (in the footwall, but perspective appears that they overlie the VMS)
Grayd 1998, 1999 annual reports: 
DC North massive sulfide: 4,115 m strike length and up to 305 m down-dip, with step-outs varying from 150 to 760 m.
DC99-65: 5.3% Zn, 1.8% Pb, 28.2 g/t Ag and 0.26 g/t Au over 8.2 m. (Grayd 1999)
Fosters: including DC97-33 that intersected massive sulphides grading 15.1% Zn, 6.6% Pb, 333.9 g/t Ag and 1.13 g/t Au over a true width of 6.1 m (Grayd 1999)

Examples of mineralization exposed at the surface include semimassive and stockwork silicified metasediments at the Fosters zone (lower left) 
And semi-massive to banded disseminated pyrite in silicified and or chloirtized metasediments in the DC South zone (lower right)

Dusel-Bacon, etal, 2007 found mineralized metarhyolite in the footwall of the DC North zone that contained veins and disseminated mineralization with flourite and accessory rare-earth minerals; evidence that Fl-Cl-rich fluids from the peralkaline metarhyolite probably mixed with other sources (seawater or wet sediments) to form the DC North VMS.

Similarities between Wolverine (Yukon Territory) and Red Mountain are: HFSE enriched peralkaline rhyolites in a package of mixed volcaniclastic and black carbonaceous metasediments.


/
F

e Dry-
heP

-

2 Miles

MDr



Presenter
Presentation Notes
The WTF prospect was prospected by RAA in the 1980’s and lies on the north limb of a large Tertiary asymmetric syncline. Resources were done prior to 1996 and are not NI43-101 compliant.
Thin, flat lying zone. Envelope of quartz-sericite alteration, dips gently north, apper as to be laterally extensive

During our field work we encountered a thin layer of massive sulfide in float at the red ‘X’:
RN341A 5.73 % Zn, 0.922 % Pb, 0.135 % Cu, 8.1 ppm Ag, 0.26 ppm Au in float 
And in an old trench at same location:
RN342B  6.73 % Zn, 1.24 % Pb,  0.149 % Cu, 13.6 ppm Ag, 0.604 ppm Au in a massive Pyrite-Sphalerite layer, 2 cm thick.
From:DGGS RDF 2009-1    http://dggs.alaska.gov/pubs/id/20041#0




Rerun Prospect

o Sediment hosted, multiple horizons

o Symmetrical silicification halos

e Mineralization displaced from meta-rhyolites

Totatlanika Schist . Silica Rock w/

Disseminated Pyrite
LEGEND + ¢ @ | Disseminated Pyrite 431 ppm Ag
3930 ppm Cu

Meta-Sandstone

Silicified Meta-Sandstone

Green & Maroon Slate
e UPPER
[Oxidized Layers] SHEEP CREEK

Gray Slate MEMBER
. Black Graphitic Slate

N t>] Disseminated Pyrite
§ Siliceous Graphitic Slate + Chalcopyrite
. Intergrown Quartz +
Calcite

. Silica Rock

+ | Disseminated Sulfides - Va7 %/%/ Disseminated Pyri'e
—‘ Sulfide-bearing, foliation-
. parallel Quartz Veins
. Meta-Volcanic Package : Disseminated Pyrite

SHEEP CREEK | o Di inated Pyrit
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Further to the west where the rocks are better exposed on not so oxidized we observed multiple horizons with variable mineralalogy. All the mineralization is apparently stratigraphically distant from the meta-rhyolites and alteration halos such as silicification are symmetrical around the mineralization; both indications of post-sedimentary hydrothermal or diagentic mineralization.

Similarities between Wolverine  and Red Mountain are: 
HFSE enriched peralkaline rhyolites in a
package of mixed volcaniclastic and black carbonaceous metasediments (Mattews, etal 2008). Rift setting on/near the edges of the Y-T pericratonic terrrane.

However, it appears that the Bonnifield district mineralization is spread thoughout a thick stratigraphic section, and appears to have formed on proterozoic siliciclastic basement, whereas the Wolverine deposit formed at a distinct change between two types of metarhyolites, and was formed on ensialic basement (Matthews etal, 2008)

Also, the grades and tonnage are substantially different, but that may be merely a factor of the maturity of the exploration efforts.
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Rock samples that we collected:

Glacier Creek trend: Ba 2.17 percent and , 2.58 percent in black phylites.

SMOG: Cu up to 1.775 %


East Bonnifield VMS

Bimodal VVolcanic suite continental arc/rift
geochemistry

YTT siliciclastic basement and cap
Sediment & volcaniclastic hosted VMS
Zn>Pb>Cu, significant silver values
Hangingwall Ba anomalies

Drill inferred resources

— (5.7 million tonnes, 5.2 % Zn, 2.2 % Pb, 0.2 %
Cu, 125.9 g/t Ag, 0.7 g/t Au — Grayd, 1999)

Finlayson Lake district similarities
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Zn
Similarities between Wolverine and Red Mountain are HFSE enriched peralkaline rhyolites in a package of mixed volcaniclastic and black carbonaceous metasediments
Look them up

Wolverine deposit is a high-grade (~6.2 Mt at 12.7% Zn, 1.3% Cu, 1.6% Pb, 370.9 g/t Ag, and
1.8 g/t Au Hosted in black shales and volcaniclastic rocks, associtation with early Mississipian Phyric and aphyric felsic rocks with HFSE enrichment within plate sedimentary rocks


Epigenetic Vein Occurences
ast Bonnifield
Ining District
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Glory Creek – Kanasas Creek trend  on south,

Busby Pb-Ag-Sb (Cu) to north.


Glory Creek

e Au-Ag-As-Pb-
Sb veins

 Granodiorite
stock 94.1 + 0.6
Ma (biotite)

e Vein sericite

91.4 + 0.7 Ma

e 11 samples, 7 >
1 g/t Au

2 Miles
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Hugo adit early discovery & exploration, later trenched and explored by local prospectors (Bob Buzby) and NERCO (1980s), Rumored to have been drilled in 1999 , core is on ridge near Slide Creek Airstrip.

11 grab samples from the Glory Creek Area: 7 over 1 ppm Au, with values up to 74.6 ppm Au, 5 over 30 ppm Ag, several samples with percent level As, Pb, Sb, Zn

Veins hosted in quartzite and in quartz monzonite in a small stock in Glory Creek. Quartz gangue, pyrite, arsenopyrite galena, stibnite ore minerals.

Vein sericite Ar40/39  age: 91.4 +/- 0.7 Ma basically the same as the pluton.


Buzby Prospect

g
=

-Chaicopyrite lenses in phyllite
*Up to 19.8 % Cu, 233 g/t Ag

.

2 Miles

e Galena veins in trench
*Up to 12.9 % Pb, 304 g/t Ag
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Galena veins 10 cm wide, cross cutting (Cretaceous?), chalcopyrite may be stratiform (Mississippian).

Magnetic foot print of Quartz monzonite extends to nearly under the prospect.

Genesis?
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Although most of the original operators let the properties lapse in 2000, others have stepped in and staked claims over the best known prospects, Alaska State Claims (Orange shading) as of March 1 2010.
Representatives of the former operators still have some core and data archived in better condition than the core that is shown here.
Upper left: Core reportedly from 1999 Glory Creek Drill hole
Upper right: Drill rig and equipment at Red Mountain Creek
Lower right: Discarded core from 1980’s Dry Creek-WTF drilling 
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