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Presenter
Presentation Notes
-This presentation was given at the Alaska Miner’s Association meeting November 6, 2002.-It gives an overview of the Salcha River – Pogo project that DGGS has been working on for parts of the past three summers (2000, 2001, & 2002).-This project was funded by the Alaskan state legislature, and is part of DGGS’s Alaska Airborne Geophysical/Geological Mineral Inventory program. Supplemental funding was provided by the Federal STATEMAP program



2002 Salcha
River – Pogo

Crew

Presenter
Presentation Notes
-I’d like to acknowledge my co-workers [Rainer Newberry, David Szumigala, and Jen Athey] for their bedrock-geologic contributions to this project, Laurel Burns for help with interpretations of geophysical data, Larry Freeman and Milt Wiltse for their assistance field mapping, and Patti Wilson for her help as our intern.-Additional contributors include Richard Lessard (graduate student at UAF) and Kate Hendry (from Cambridge, England) who mapped parts of two adjacent quadrangles in the No Grub Creek area as part of their thesis work.



Overview

 Comparisons of existing geologic maps 
and interpretations to new data

 DGGS approach to geologic mapping
 Relationships between geology and 

mineral deposits

Presenter
Presentation Notes
-The purpose of this talk is to provide an overview of DGGS’s new geologic mapping within the Salcha River – Pogo airborne-geophysical survey tract.-First, I’ll show prior regional-geologic mapping and tectonic interpretations of the area to provide context for our new detailed mapping.-Second, I’ll discuss our approach to the mapping project, and-Finally, I’ll discuss our geologic observations and point out their importance to mineral exploration.
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Presentation Notes
-This figure shows Weber and others (1978), 1:250,000-scale geologic map of the Big Delta quadrangle.  The DGGS map areas are outlined in dark blue.-Dotted red lines mark the boundaries of DGGS geophysical surveys released in 2000 and 2002 (Burns and others, 2001; Burns and others, 2000).-The Nail Ridge ultramafic suite in green is shown in thrust contact with underlying greenschist-facies rocks in pale blue.-Several northeast-trending, high-angle faults, including the prominent Shaw Creek fault, were mapped by Weber and others, and most metamorphic contacts are shown as “metamorphic-stratigraphic” contacts.-This figure, as well as the next two figures, show a few of the different geologic interpretations that have been applied to Weber’s mapping.
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Presentation Notes
-Churkin and others (1982) interpreted the contact between amphibolite-facies rocks (in orange) and greenschist-facies rocks (in blue) to be a low-angle thrust fault, with amphibolite-facies rocks forming the upper plate.
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Presentation Notes
Nokleberg and others (1989) interpreted the contact between amphibolite-facies and greenschist-facies rocks to be a low-angle thrust fault, with greenschist-facies rocks forming the upper plate. Alternatively, Dusel-Bacon and others interpret these faults as low-angle detachment faults, with greenschist-facies rocks detached off amphibolite-facies rocks.-These 4 investigators interpreted the greenschist-amphibolite contact in the Salcha River-Pogo area very differently.-It is important to know the actual dips and types of contact relationships between and within the metamorphic suites, since the importance of low-angle faults as hosts for gold mineralization [such as that at Pogo] has recently been recognized in Interior Alaska.-This clearly demonstrates the need for detailed geologic mapping.



Rock Staining

COLOR KEY:
Gray = quartz
Yellow = K-feldspar
Pink = plagioclase feldspar

Presenter
Presentation Notes
-In addition to daily geologic traverses and map compilation, a significant component of DGGS’s field program is staining rocks. -This approach has not been used in Interior Alaska prior to our work starting in 2000, and it will significantly advance the geologic understanding of the area.-Naming of most metamorphic and igneous rocks is based on estimating the relative modal abundance of quartz, potassium-feldspar, and plagioclase.-For example, prior to staining, the plutonic rock in the lower left photo was a fairly homogeneous gray color and could have been field-identified as anything from a trondhjemite to a granite.-After staining, the quartz is gray, potassium feldspar is yellow, and plagioclase is pink. The rock plots as a monzogranite on a Streckeisen diagram.-This technique is also useful for distinguishing between fine-grained quartzite, paragneiss, and orthogneiss.-Determining accurate names for rocks in the field helps us define map units, determine their spatial distribution, and to note offset of the units to help locate faults.
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Presentation Notes
-This is a draft, simplified version of DGGS’s new geologic map of the Salcha River – Pogo area (later published as Werdon and others, 2004).-Pogo is shown as a black dot in lower right.-DGGS mapped most greenschist – amphibolite-facies contacts as high-angle faults; the northwest edge (northeast-trending contact) of the greenschist-facies rocks (shown in medium blue in the center of the map) dips at a moderate angle to the southeast.-Juxtaposition of the greenschist- and amphibolite-facies rocks in the middle of the map area occurred prior to 107 Ma, the age of the pluton (red with hatch pattern) that intrudes the contact; there also is later motion on this fault that cuts the intrusion.-Greenschist-facies rocks in the west-central map area are not intruded by tourmaline granite bodies nor by the hundreds of tourmaline-granite dikes that surround the intrusion outlined with a dotted yellow line.-The tourmaline dikes are not deformed, therefore low-angle faulting and associated deformation must have occurred before 116 Ma.-Some high-angle faulting occurred between 116 Ma and 93 Ma, and some occurred post 93 Ma.-At least two different kinds of motion, including strike-slip and dip-slip, have occurred on the high-angle faults at different times.-DGGS also identified a previously-unrecognized area of amphibolite-facies rocks north of the Shaw Creek fault (amphibolite-facies outcrop shown in brown, surrounded by gray question-marked area); their relationship to surrounding rocks requires further petrographic work.-The northwest-trending fault juxtaposing greenschist- and amphibolite-facies rocks in the northern map area will be discussed later with the Bonanza Creek pluton.
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Presentation Notes
-DGGS investigated the Shaw Creek fault for evidence of left-lateral motion.-Our 2002 mapping shows that the Goodpaster batholith has been cut and offset by many high-angle faults.-Motion vectors on smaller faults (Riedel shears), along with the southwest offset of the Goodpaster batholith, strongly supports significant left-lateral, strike-slip motion on the Shaw Creek fault.-The timing on the Shaw Creek fault is restricted to be younger than 94 Ma, the youngest reported U/Pb age on the Goodpaster batholith.



Mineral potential of the Central
Big Delta Quadrangle

 Ultramafic-related PGE potential
 Gold potential

Presenter
Presentation Notes
-One of the most important reasons for doing this mapping is to evaluate the mineral potential of the area.-Within the map area, there is the potential for lode deposits of ultramafic-related platinum-group elements, plutonic-related gold, and fault-hosted gold.-These will be discussed next, within their respective geologic and geophysical context.
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Presentation Notes
-Next, a series of maps based on our detailed mapping will be shown to illustrate how we used the geophysical data as a tool during field investigations.-Field observations are key to geologic mapping, but the geophysical datasets allow us to fill in the gaps where there are surficial deposits and vegetation cover.-First, we define 3 different suites of ultramafic and associated rocks.



Nail Ridge Ultramafic rocks –
Type I

Total Field Magnetics

Potassium

Presenter
Presentation Notes
-Ultramafic rocks along Nail Ridge (green) are clearly thrust over underlying greenschist-facies units (blue).-Ultramafic rocks include harzburgite, and lesser dunite, as well as associated pyroxene and hornblende gabbro, greenstone, volcaniclastic conglomerate, chert, and meta-argillite.-These rocks are characterized by very high magnetic susceptibilities (shown in purple in upper right figure) and extremely low potassium contents (shown in black in lower right figure).-Nail Ridge has been investigated by past workers for its PGE potential, and this ultramafic suite is not known to be associated with PGE’s, but does have anomalous nickel in one area.
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Presentation Notes
-The rock exposure is incredible up on Nail Ridge, so it was easy to map the units and to get a sense of the area’s structural style.-This is one of the few places we were able to definitively say we were standing on a low-angle fault.
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Presentation Notes
-The second suite of ultramafic and associated rocks we defined occurs in the northwestern map area.



Ultramafic rocks folded within amphibolite facies rocks
Type II

Total Field
Magnetics

Potassium
7200 Hz

Resistivity

Ultramafic rocks (dark 
green unit) and 
associated amphibolite 
± tonalitic orthogneiss ±
hornblende gneiss ±
clinopyroxenite ±
gabbro (light green unit)

Presenter
Presentation Notes
-The second ultramafic suite is folded within amphibolite-facies metamorphic rocks.-The ultramafic rocks are shown in dark green in the geologic map, and include serpentinite, clinopyroxenite, and talc-carbonate schist.-They are commonly spatially associated with the unit shown in light green, which includes magnetic amphibolites (with both MORB and island-arc trace-element signatures), tonalitic orthogneiss, hornblende gneiss, and gabbro.-The ultramafic rocks, and some of the associated mafic-ultramafic rocks, are characterized by very high magnetic susceptibilities (upper right figure).  These rocks also fall within areas characterized by potassium lows (lower-right figure).-Caution must be used when interpreting the potassium map because quartz-rich sediments filling broad river flood plains also have low potassium signatures (rivers shown as dark-blue lines).-At least two of these Type II ultramafic bodies contain anomalous platinum and palladium (Werdon and others, 2001; Athey and others, 2002).



Type II
Ultramafic 

rocks

Serpentinite

Folded 
magnetic 

amphibolite

Talc-carbonate schist

Foliation-parallel ultramafic 
rocks within amphibolite

Presenter
Presentation Notes
-This slide shows what some of the Type II rocks look like.-The photo in the lower right shows a foliation-parallel contact between amphibolite and an ultramafic unit.
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Presentation Notes
-The third type of ultramafic suite we defined is located north of the Goodpaster batholith.



Tectonized Harzburgite – Type III

Presenter
Presentation Notes
-The third type is found as an outcrop of tectonized harzburgite, which is well exposed on a ridgeline north of Pogo.



Ultramafic Rocks within Thrust Fault 
between Amphibolite Facies Rocks

Total Field Magnetics Potassium

7200 Hz ResistivityHarzburgite (dark green)

Presenter
Presentation Notes
-Type III ultramafic rocks are hosted by a low-angle fault juxtaposing two amphibolite-facies metamorphic units.-The wedge of tectonized harzburgite is surrounded by paragneiss and orthogneiss, both of which strongly contrast with the harzburgite in their geophysical properties.-The harzburgite is strongly magnetic (lower left figure), hence we interpret it to dip and extend below the gneiss to the southwest.-This thrust(?)/low-angle fault plane shows up as a change in conductivity on the resistivity map (upper right), and since Harzburgite doesn’t contain potassium, the potassium map (lower right) directly outlines the surface expression of the harzburgite body.-The PGE potential of this unit is unknown.



Low-Angle Fault 
Zone

Amphibolite-Facies 
over Amphibolite-

Facies Rocks

Presenter
Presentation Notes
-Locating low-angle faults was a priority for this project because the Pogo gold deposit is hosted by a low-angle fault.-We identified a few low-angle faults that place amphibolite-facies rocks over amphibolite-facies rocks, and similarly, greenschist-facies rocks over greenschist-facies rocks in the map area.-These faults are very hard to identify because of poor exposure, similar lithologies in both the upper and lower plates, and lack of geophysical signature unless the fault contains a wedge of ultramafic rocks.



Bonanza Ck.
Pluton

No Grub
Caribou

Gobi

Presenter
Presentation Notes
-POINT OUT BONANZA CREEK PLUTON, GOBI PROPERTY, NO GRUB (CARIBOU), and POGO



Bonanza Creek pluton

Bonanza Creek pluton (pink) 7200 Hz Resistivity

PotassiumTotal Field Magnetics

Presenter
Presentation Notes
-The Bonanza Creek pluton (shown in pink in upper-left geologic map) is characterized by low magnetic susceptibility (lower left), low conductivity (upper right), and a high potassium content (lower right) relative to surrounding rocks.-This is the first area in Alaska that DGGS has obtained airborne radiometric data, and the potassium maps in particular are very useful for delineating felsic plutons and metarhyolite.-Two potassium highs on the margins of the Bonanza Creek pluton are greenschist-facies metarhyolite, and so clearly, field-based verification of rock types is needed.-The northwest elongation of the Bonanza Creek pluton suggests it was emplaced along a northwest-trending fault.  It has been offset by later, northeast-trending, high-angle faults.



Bonanza Creek pluton
 Shape: structurally-controlled body, oriented parallel to and 

along a major NW-trending fault zone; offset by late NE-
trending faults

 Composition: granite to granodiorite
 Texture: equigranular to porphyritic
 Age:  40Ar/39Ar hornblende plateau age of 92.8 ± 0.6 Ma
 Broadly associated mineral potential:  Mo (Au?)

Granite with
molybdenite-quartz vein

Presenter
Presentation Notes
-It is an equigranular to porphyritic, granite and granodiorite body, which yielded a 40Ar/39Ar hornblende plateau age of 92.8 ± 0.6 Ma.-It has a broadly associated mineral potential for molybdenum, and possibly gold, and has been the target of industry exploration.-DGGS observed that granite from the Bonanza pluton contains a 2-cm-diameter crystal of molybdenum in a quartz vein.-The size of this pluton is similar to the Gilmore Dome pluton in the Fairbanks area;  presumably the mineralized apex has been eroded away but there is the possibility of marginal Fort Knox-style intrusions.



Hook Target, Gobi Property
Summer 2002 Drilling Program

Presenter
Presentation Notes
-In 2002, AngloGold drilled the Hook Target on Continental Ridge Resources’s Gobi property.-Feldspar staining of plutonic rocks in the area by DGGS revealed multiple igneous rock compositions including monzonite, monzodiorite, and quartz monzodiorite.-According to their Oct. 30th press release, AngloGold’s drilling intersected multiple, sericite-altered, quartz-veined zones, which contain gold.



Presenter
Presentation Notes
-Several ~90 Ma plutons, including the No Grub pluton within the Caribou Creek placer district, and possibly the Gobi-property pluton west of Pogo, are spatially and probably genetically related to gold mineralization.-There appears to be an association between alkalic and quartz-alkalic plutons and gold mineralization that might be worth following up on for mineral exploration.-In contrast:  older, mostly undated (~116 Ma???) tourmaline granites (like that exposed underground at Pogo and elsewhere in the map area) host younger mineralization, but do not cause gold mineralization.  They possess collisional trace-element and isotopic signatures.



Gold Mineralization Models

 NW-trending high-angle faults (e.g., 
Richardson District; fault west of Pogo)

 104 Ma mineralization (e.g., Black Mtn., Pogo, 
Bald Knob) questionably associated with calc-
alkaline plutons

 ~90 Ma Alkalic pluton-related Au (e.g., Hook 
target(?), No Grub pluton)

 ~90 Ma Calc-alkaline pluton-related Au

Presenter
Presentation Notes
The following is a summary of what we have observed in terms of gold mineralization models in the Big Delta Quadrangle.First, some northwest-trending, high-angle faults contain gold mineralization (e.g., Richardson District; fault west of Pogo)~104 Ma mineralization (e.g., Black Mountain, Pogo, Bald Knob) may be associated with calc-alkaline plutons~90 Ma alkalic plutonic-related gold (e.g., Hook target(?), and No Grub pluton)~90 Ma calc-alkaline plutonic-related gold
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Presentation Notes
-This figure shows the locations of some of these gold prospects, and we emphasize the possibility of a broad, northwest-trending gold-bearing region left-laterally offset by the Shaw Creek fault.-Igneous rocks are separated into suites (different colors on the map here) based on their differing ages, compositions, and trace-element-indicated tectonic settings.-Regionally, gold mineralization clearly includes several different styles and ages:-Low-angle fault as at Pogo-High-angle vein as at Bald Knob-High-angle vein/intrusion at Democrat lode-and, intrusion-hosted as at Black Mountain-To date, all gold deposits in this area are hosted by amphibolite-facies rocks, as currently mapped.-The low-angle-fault story is clearly poorly understood, mostly because the faults are not exposed and/or difficult to identify and map.
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Presentation Notes
-The end. Ultramafic rocks on Nail Ridge.References:Athey, J.E., Werdon, M.B., Szumigala, D.J., Newberry, R.J., and Johnson, M.R., 2002, Major-oxide, minor-oxide, trace-element, and geochemical data from the rocks collected in the Big Delta Quadrangle, Alaska in 2001: Alaska Division of Geological & Geophysical Surveys Raw Data File 2002-3, 18 p., 2 sheets, scale 1:150,000. http://doi.org/10.14509/2857Burns and others, 2001; SE Pogo geophysical survey. http://dggs.alaska.gov/pubs/gpdata/27Burns and others, 2000; Salcha River-Pogo geophysical survey. http://dggs.alaska.gov/pubs/gpdata/26Werdon, M.B., Athey, J.E., Szumigala, D.J., Newberry, R.J., Grady, J.C., and Munly, W.C., 2001, Major-oxide, minor-oxide, trace-element, and geochemical data from rocks collected in the Salcha River-Pogo area in 2000, Big Delta and northwestern Eagle quadrangles, Alaska: Alaska Division of Geological & Geophysical Surveys Raw Data File 2001-1, 19 p., 1 sheet, scale 1:250,000. http://doi.org/10.14509/2661Werdon, M.B., Newberry, R.J., Athey, J.E., Szumigala, D.J., Freeman, L.K., Lessard, R.R., Hendry, K.R., and Wiltse, M.A., 2003, Major-oxide, minor-oxide, trace-element, and geochemical data from rocks collected in the Big Delta Quadrangle, Alaska in 2002: Alaska Division of Geological & Geophysical Surveys Raw Data File 2003-2, 45 p. http://doi.org/10.14509/2997Werdon, M.B., Newberry, R.J., Athey, J.E., and Szumigala, D.J., 2004, Bedrock geologic map of the Salcha River-Pogo area, Big Delta Quadrangle, Alaska: Alaska Division of Geological & Geophysical Surveys Report of Investigation 2004-1B, 19 p., 1 sheet, scale 1:63,360. http://doi.org/10.14509/3209
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