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INTRODUCTION

In late October, 1984, the Geologic Mapp;ng and Geochemistry Sections of DGGS
were asked to prepare a summary of existing knowledge on mineral potential in
northwest Alaska (fig. 1 and Section 4 of this report) as one component of a
broader DNR effort to synthesize various types of resource information for the
18-quadrangle area. The sections of this handbook describe methodology,
preparation, and criteria used in developing the summary of potential depicted

in separate map format and listed as a section of this report.

To this objective, a team of eleven DGGS people (fig. 2) have been involved
either full or part~time or the NorWAAP project since November, 1984. The
general method of attack used was to compile and analyze a "data stack" for
each quadrangle at a scale of 1:250,000. The various layers of the data stack
(fig. 3 and Section 6) were developed by a thorough literature search (see
accompanying bibliograghy) and were compiled on 1:250,000 transparent acetate
overlays to facilitate integration of various levels in the stack. Typical

components of a stack include such information as geology, geochemistry,

aeromag, mining claims, etc. (fig. 3 and Section 6).

Once the data stacks were compiled, two or three separate geologists analyzed
each quadrangle data package on a township-by-township basis - carefully
scrutinizing all elements of cthe data for signals indicating the presence of
one or more of 26 mineral deposit types (Section 3, p. l). Specific indicator
criceria for each deposit type are listed in Sectiom 3, p. 13-37 of this

handbook. A porential score of )| to 5 was determined for each township using



the criteria listed im Section 3, p. 2. Also, while analyzing the data, each
township was scored for quality of information available, again by criteria as
lisced in Section 3, p. 4. Needless to say, the mineral potential scores are
heavily dependent om the level of information available; the correlation is
plotted on figure 4. Despite the best efforts of the analysts, a good
forecast of mineral potential cannot be made in the absence of good background
information. Thus mineral scores in areas of low data quality should be

viewed as very uncertain.

Recognizing the inherent limitation imposed by lack of data, mineral
potential/data quality maps were prepared for all 1:250,000 quadrangles. Near
the end of the scoring effort, pertiment mining industry groups were invited
to review the maps and contribute new data as they desired. Additionally,
smaller scale maps at 1:1.5 million were prepared to give a synoptic view of

both mineral potential and data quality.

In svmmary the products of the NorWAAP mineral effort include:

(1) Data stacks for 18 quadrangles

(2) Mineral potential and data quality maps 1:250,000
(3) Bibliography

(4) Mineral potential maps 1:1.5 million

(5) Data quality waps 1:1.5 million

(6) Explanatory handbook
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SECTION I: Mineral Potential Map

This overlay should portray a score for each cell, in our case township,
linked to favorabllity for one or more of the 25 deposit types. Coming
up with this score will involve a mental evaluation of geologic,
historical, etc factors that are favorable for the occurrence of mineral
deposits. Some call this a multivariate system; in the NORWAAP project
we'll let the computer on our shoulders compute the scores. Let's take a
crack at a five fold breakdown: Very High (5), High (4), Moderate (3),
Low (2), Very Low (1).

Determining whether the geological environment is favorable will require
learning most of the key features of the 25 deposit types.

Possible Scoring Criteria might be:

Very Righ (5)
.Geological environment very favorable

.Significant mineral deposits known
.Numerous active mining claims
.Geophysical and geochemical signatures favorable

.Very favorable metallogenic and tectonlc terrane

High (4)

.Geological environment very favorable

.On trend or in some unit which hosts significant mineral occurrences
nearby

.Significant deposits not known at present

.Some mining claim activity

.Geochemical and geophysical signatures favorable
.Favorable metallogenic and tectonic terrane

Moderate (3)
.Geologic environmment favorable

.Significant deposits not known

.Low mining claim activity

.Geochemical and geophysical signatures may be favorable

.Cell may be distantly on trend with cells of higher favorabllity
Low (2)

.Some aspects of geological environment may be favorable, generally not
3-2



favorable
.Few if any known deposits
.Little or no mining claim activity
.Geochemical and geophysical signatures generally negative

.Litcle bedrock exposed nearby (but don't forget placers and S.S.-hosted
uranium)

.Genexally unfavorable metallogenic and tectonlc terrane

Very Low (1)
.Geologic environment generally unfavorable

.Little bedrock exposed, little possibility for placers or S$.S.-hosted
metals

.No known mineral occurrences
.Unfavorable geochemistry or geophysics
LOff trend with more favorable areas
.No mining claim activity

.Unfavorable metallogenic and tectonic terrane

-

3-3



SECTION II: Data Qualicy Map

This should be an attempt to assess the level of geologlc, geochemical,
mineral data available in each township. We might as well use the five
fold breakdown: Very poor (1), Poor (2), Fair (3), Good (4), And Very
good (3),

Possible criteria for assigning a level to a particular township might be:

Very Good (5)

.Detailed (1:63,360 or larger) geologlc mapping, numerous units/cell broken
out, alteration zones, gossans shown (examples p- 7, 8)

.Comprehensive geochemical data base, % mile spacing, possibly soil and rock
chip geochem also (p. 10)

.Good aeromag, % to 1 mile spacing

.Other geophysical data

.Detailed studies of mines or prospects

.Good surficial geoclogy

Good (4)

.Detailed (1:63,360 or larger) geologic mapping

.Ordinary geochemical coverage | sample per mile? to | sample per 5 miles?
(p. 11)

.Aeromag coverage % to | mille spacing
.Some prospect studies
Fair (3)

.Good, careful 1:250,000 or 1:125,000 geologic mapping with units pertinent to
mineral deposits shown

.Regional low density geophysical coverage

.Low density geochemical data base like AMRAP (p. 12)
.Some deposit studies

Poor (2)

.Lower quality 1:250,000 geologic mapping units generalized, pertinent unics
to mineral deposits not shown (p. 9)

.Regional low density geophysical coverage

.Low density geochem
3-4



.Few if any local deposit studies

Very Poor (1)

.0nly geologic mapping l:! million or similar grossly generalized maps
.Low denslty or no regional geophysical coverage

.Poor geochemical data base

.General lack of information



Map Portrayal of Scores

For the initial worksheet, let's compile the mineral potential scores and data

qualicy scores together. Later, we will brainstorm best method of
presenting the data =o non specialists.

So, for each township (i.e., use a mylar with township grid),
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SECTION III: Sediment Hosted Zn, Pb, (Ag, Ba) Deposits

.Large scale (100s km) fault~bounded epicratonic and intracratonic sedimentary
basins

.Smaller (10's km) fault-bounded subbasins with rapid changes of thickness and
lithofacies

.Slump breccias, intraformational conglomerates, local soft sediment
folding/faulting

.Middle Proterozoic and lLower-Middle Paleozoic ages have been most productive
.Chert and barite in small scale basins

.Minor volcanics and tuff in section

.Thick marine sedimentary sequences in basin

.Shallow marine lithologies: shale-carbonate-dolomite~(evaporite?)-chert-
bedded barite

.Geochem Zn, Cu, Pb, Ba, Mn, (Cu, Sn, As at Sullivan)

.Basin edges may be reflected in gravity gradients



Volcanogenic Massgive Sulfide Deposits

.Submarine volcanic rocks

.Mostly mafic volecanics - Cu-Au type, mafic to felsic - Zn-Pb-Cu type

.Evidence for synvolcanic rifting - bimodal compositions, abrupt thickening

.Known VMS deposits in same interval and area. They tend to cluster

.Fe-Mn chert in section (exhalite)

.Anomalous carbonates, Fe-rich (exhalite)

.Zones of chlorie-tale or muscovite-quartz

.Geochem Cu, Zn (Au) if mafic, or Zn, Pb, Cu, Bu (Ag) if felsic.

.Spilitic (ab -ep-chl-carb) alteration of volcanics

.FeOx gossan in favorable strata, tuffs, blk shale etc

.Pyroclastic rocks in section "Agglomerate, mill rock"

.If metamorphosed, felsics go te felgic schists or gnelsses; black shales to
basalts to greenschists or amphibolites; calcareous vocks to cale

gilicates. Siliclous volcanics often miscalled metaquartzites

.Aeromag useful in tracking mafic volcanics or, less commonly, other magnetic
horizomns -

114



Stratiform Barite

.Thin to thick (to 15 m) barite beds in sequence of dark chert, siliceous
shale, limestone and slltstone

.Lateral extent of beds often several hundred meters
.Barite vosettes, nodules common in sediments
.0rd-Misg strata productive 1in U.S.

.Synsedimentary textures e.g. graded bedding, laminated barite, continuity of
beds

.Geochem Ba



Hot Spring Gold-Silver Deposits

.Common in Tertiary felsic volcanic fields, extrusive plus Intrusives

.Evidence for shallow, hot spring activity e.g. sinters, alteration.

.Can be large tonnage deposits 1n stockworks

.Host can be carbonate (Carlin) or volcanlc or sedimentary

.Much complex high angle faulting

.Favorable environments include: (1) Caldera rim fracture zones, (2) Complex
felsic volcanic centers with domes, flows plugs; faulting (3) Complex
basin - range faulting (4) Complex lake basins with volcanic tuffs, ash
flows, etc

.Hydrothermal brecciation, silica commented breccia/conglomerarte

.Large (to several km?) areas of intense silicification

.Alteration is argillic with gquartz, adularia, alunite, Kaolinite, sericite

.Zones of stockwork quartz or chalcedony veins

.Greyish or bluish quartz veinlets (contaln sulfides)

.Typical minerals are native gold, pyrite, stibnite, cinnabar, arsenopyrite,
fluorite, (sphalerite), Ag-sulfosalts

.Ceochemistry Au, Ag, As, Sb, (F, Sn, Mo)

.Associated placers and placer claims



Gold-Silver-Base Metal Veins

.Many characteristics similar to Hot Spring type, but thought to be generally
deeper in system, with basic metals increasing with depth.

.Occur in strong fracture systems like caldera rings, basin-range faults,
domes-faulted areas

.S1{licification along veins, but not pervasive
.Irregular patchy argillic alteration
.Narrow fracture zones with sulfides, strong barrem fractures with dikes.

.Most deposits eilther (1) Veins, stockworks, or replacements in volcanic rocks
or (2) replacements and veins 1in assoclated sedimentary rocks

.If veins intersect premineral sedlments, suspect large low grade Au, Ag
accumulations In silicifed sediments around vein

.Multricolored, local gossans

.Geochem Ag, Ag, Cu, Pb, Zn, As, SYH



Polymetal Gold-Silver Veins

.Associated with major volcanic piles dominated by intermediate calc-alkalic
porphyritic volcanic rocks 1.e. rhyodacites, trachyaundesites, quartz
latites.

.Agsociated sediments often volcaniclastic

".Evidence of volcanoplutonic environment e.g. intrusive relations between
lgneous rocks

.Porphyritic domes and flow-dome complexes most favorable

.Large areas of argilllic - sulfate alteration and silicification.
.May be assoclated with deeper porphyry copper aystems

.Much fracturing and brecciation of silicified areas
.Multicolored gossans

.Sometimes fault controlled

.Ore mineralogy dominantly sulfosalts e.g. enargite, tetrahedrite-tennantite,
Ag-sulfosalts, and pyrite + bismuthinite, native gold, tellurides,
chalcopyrite, galena, sphalerite

.Geochen Au, Ag, As, Sb, Bi, Hg, (Mo, Te, Ba)

.Agsoclated placers and placer claims
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Tungsten-Gold Veins

.Hogts variable from bimodal felsic-mafic volcanics to black slate or
metamorphic equivalents

.Veins concordant and discordent, mireralized veins often one of many sets

.0Ore wmineralogy typically native gold, scheelite+—arsenopyrite, stibnite,
pyrite, sulfosalts in quartz gangue

.Alteration minor, some silicification

.Veins can be stratabound (e.g. Fairbanks) or clustered in favorable
structural sites or both

.Known deposits of this type
.Asgociated placers and placer claims

.Geochem Au, Ag, As, Sb
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Porphyry Cu, Mo

.Shallow, small porphyritic plutons

.Quartz monzonite to granodiorite composition usually; syenite, monzonite,
diorite less common

.Extensive pyritic alteration

Known deposits

.peripheral mag highs sometimes

.Tertiary/Mesozolc intrusive ages most favorable
.Evidence for volcanoplutonilc setting, caldera resurgence, ring fractures
.Porphyritic with sugary groundmass, rultiple intrusion
.Passlve emplacement: dilkilng, brecciation, stoping

. I-type or Magnetite type intrusives

.Host rocks - variable, alwost anything

Much stockwork fracturing and microveining

.Alteration type - potassic/phyllic, argillic

2

.Geochem
Cu, Pb, Zn, Ag Typical
Te, Mn, Ba, As, Bi, also used
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Porphyry Mo, W
.Shallow, small siliceous porphyritic plutons
.Quartz monzonite to granodiorite porphyry usually - I type

.Composite multiphase intrusions, complex igneous history, evidence for
cupolas

Known deposits of this type

.Extensive pyritic alteration

.Rhyolite dikes, especially garnet-bearing
.Cogenetic rhyolitic volcanics

.Abundant veining, stockwork fracturing, brecciation of host and intrusive
.Weak mag high in intrusive

.Flourite rich system

.Part of magmatic are paralleling tectonic grain
.Tertiary (or Mesozoic) intrusive ages

.Geochem Mo, W, Su, Ag, Zn, Pb, F, As
.Aeromag - poss lows in highly altered stocks
Multicolored gossans

.Tendency to be found on edges of regilonal gravity lows (possibly reflecting
deep batholith)
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Skarn Cu, Fe, Au

.Diorite to grandiorite porphyries, many dikes

.Abundant veining - Secondary blotite, Kspar, Actinolite, Qtz-sericite-py
Mag highs over intrusives and contact zones

.Abundant carbonate in section

.Irregular, extensive plucon-limestone contacts

.Known deposits in area

.Geochem
Cu, Zn, Mo, As, Au, Bi
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Skarn W (Cu)

.Equigranular to porphyritic bilotite-Ksgpar granite, low hornblende
.Late Mesczoic age of intrusive favorable

.Pegmatite/aplite dikes common

.Propylitic alteration of intrusive (chl-ep-carb-ab)

.Absence of intense veining

.Mag anomalies around 1intrusives

.Thick carbonate sequences

.Shallow dipping pluton-limestone contacts

.Reentrants and irregularities in pluton-limestone contact
.Significant lengths of pluton-limestone contact

.Geochem
W, Cu, Mo, Sn, Bi, Be

.Known deposits
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Skarn Pb-Zn
.Felsic dike swarms (granodicrite to granitic)
.Abundant carbonacte 1n section
.Regional propylicization
.Fault control of skarns

.Geochem
Zn, Pb, Ag

3-24



Grelsen-Stockwork-Skarn Sn

.High level granite to alkalil granite stocks and dikes, rhyolitic to coarse
grained texture-often S-type without hormblende.

.Abundant coarse gralned muscovite +garnets, tourmaline, idocrase, fluorite in
intrusive and contact rocks

.Poss Mag highs in contact rocks
.Irregular, shallow-dipping, contacts
.Abundant carbonates in section for skarns
.Geochem

Str sed Pb, Zn, Cu, Ag, Be, F, Mo,

Pan Con, Sn, W
.Known tin occurrences or placer tin nearby
Multiphase intrusive (3-10 km 2 common)

.Evidence for cupolas or cugps over pluton

.Deposits may be greisen veins, stockwork, or disseminations in intrusive or
skarns in adjacent carbonate

.Sometimes closad gravity low over intrusives

-

3-25



Replacement/Veins of Fluorite-Beryllium

.Regilonal occurrence linked to Sn systems cutting carbonate sequences, may be
distal edges of system.

.Stockworks or veiln sets cutting marmorlzed limestone with fluorite, quartz,
beryllium silicates in vein material

.Felsic dikes common
.Known occurrences or nearby Sn systems

.Geochem F, Be, (Sn, U)
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Mafic-Ultramafic Cu-Ni-PGE (Excluding Komatiites)

.Presence of extensive plutonic ultramafic/ mafic rocks, especially troctolite
.Lack of hornblende in gabbros, except in hydrous alteration phases

.Thick layered cyclic mafic-~ultramafic sequences, or plugs

,Sulfide-bearing diabase sills and chill phases

.Known Cu, N1i, or PGE phases, especially in basal zones

.Geochem Cu, Ni, Co, Au, PGE

.Contact of ultramafic plutons with silicious host rocks

.Strong magnetic anomalies
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Mafic-~Ultramafic Cr

.Abundant ultrawafic rocks, layered or plug-like, especially dunite and
hartzburgite wirh pods and veins of dunite in hartzburgite

.Cumulate and tectonized rocks in section
Strong magnetic anomalies

.Geochem Cr, Cu, Ni, PGE
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Mafic-Ultramafic Asbestos

.Presence of olivine bearing ultramaficg, egpecially dunite
.Veins of serpentinite in serpentinized ultrsmafics

.Strong mag. anomalies
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Shale Hosted and Redbed Copper

.R1ft basing or shallow marine basins over rifts, often intracratonic,
sometimes 1n tectonic belts

.Presence of (l) conglomerate-sandstone redbeds with basalt flows (2) thin
bedded organic shale/limestone (host) (3) Evaporites at top of sequence

.0Ore occurs in both reduced and oxidized part of section. Chalcocite,
bornite, chalcopyrite, galena, sphalerite, pyrite common ore minerals,
Occasionally grades laterally to zine-rich shale over 10's of km.

.Known occurrences

.Geochenm Cu, Mo, Pb, V, Zn, Ag, U

.Radiometyic anomalies in shale
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Iron Formation (BIF)

.Typlecally of Proterozolc age (2.2 m.y.)

.Large epilcontinental basins, close to Archean cratomns
.Thought to be of volcanic exhalative origin

.Banded, red silicious sediments and cherts common in sequence
.Great lateral extent

.Iron minerals variable: Fe-phyllosificates, Fe-carbonates, Fe-oxldes,
Fe-gulfides, and metamorphic products

.Sedimentary sequence often includes much chert and dolomite as well as
volcanic derived tuffs and tuffaceous shales

.Sypergene enrichment bv silica removal common, elther at base of weathering
zone or along fractures

.Aeromag anomalies over mapgnetite~facies

3-31



Sedimentary Ironstone

.Evidence of shallow epicratonic landlocked basins
.0ften ocolitic (Clinton-type), sandy, clayey

.Abundant fossils, rip up clasts, ripple marks, crossbedding and other shallow
water features

.Usually Phanerozoic age, climate controlled
.Low rate of sedimentation and avallability of sediment

.Iron-oxide coated sand grains, lron oxlde cement of clastic and bioclastic
material common

.Thin beds of Fe-Phyllosilicate or Fe-oxide
.May overlie or be interstratified with coal seams
.Grade laterally into ferruginous sand and clay with sediments.

.Ore materlal 20~50 percent Fe
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Carbonate Hosted Zn, Pb

.Basic margln shallow water carbonates, reefs etc., as host rocks

.Deep adjacent sedimentary basins, often growth-fault controlled, often in or
adjacent to stable platforms

.Stratabound galena-sphalerite-pyrite replacements and veins, Sometimes with
' Cu, Co, Ni, Lower to Middle Paleozoic ages productive in U,S.

.Gangue-calcite, dolomite, quartz, clays, barite, fluorite

.Numerous lateral and vertical facies changes near limestone-dolomite
transition

.Solution collapse breccias or algal reefs favorable sites
.Intersection of deep seated faults with favorable carbonates
.Precambrian basement knobs and highs

.Geochem
Zn, Pb, Cu, Bu, F; generally weak anomalies

.Known occurrences

.Evidence for hydrocarbons
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Carbonate Hosted Cu

.Similar to Carb Hosted Pb, Zn

.Shallow water carbonates, reefs, etc. adjacent to basin controlled by growth
faults

.Areas of hydrothermal dolomite and breccla in carbonates
.Geochem Cu, Co, (Pb, Zn) generally weak anomalies
.Known occurrences

.Evidence for hydrocarbons
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Sandstone Hosted Uranium

.Suitable U-enriched source rocks, e.g., granites, alkaline complexes, acid
volcanics or tuffs

.Stable structural setting usually

.Sandstone-bearing sedimentary basins flanking host, usually continental
sandstones or shoreline fluvial

.Fluvial depositional environment., braided streams, fans, lacustrine,
deltaic.

.Unconformity at base of sandstone sequence, channels cut Iinto impermeable
shales

.Host - clean quartzose or arkosic sandstone interbedded with nudstone,
Tuffaceous or feldspathic with plant material or pyrite Qtz-only
sandstone or graywackes unfavorable

Known deposits

.Radiometric highs in reglon

.Geochem U, vV, Cu, Mo, Ba, As, Se
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Igneous Associated Uranium

.Assoclated with S-type leucogranites, oftem 2-mica

.Thick sialic ecrust

.Granites enriched in U (8-20 ppm), often Sn and W as well. Uranium as
uraninite or in zircon, monazite, apatite

.Deposits are of four types (1) primary disseminations in late stage granitic
phases (2) mineralization in apliites and pegmatites (3) epigenetic velns
and fracture f1llings (4) Secondary hydrothermal veins and disseminations
in overlying clastic rocks.

.Known occurrences or nearby Sn, W systems

.Distal areag around Sn systems

.Carboniferous to Tertiary ages productive

.Regional radliometric anomalies

.Geochem U, (Cu, As, Mo, Su, F)
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Placer Sn, Au

.Historical placer mining

.Drainages or beaches downslope from known or potential lode or paleoplacer
sources

.Mining claim activity along drainages
.Deep weathering of source rocks and moderately incised drainage system

.Absence of extensive glaciation (usually true)
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MEMORANDUM State of Alaska

DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL AND GEOPHYSICAL SURVEYS

10: M.A. Wiltse pare:  December 7, 1984
G.D, March -
- TELEFRONE NO:
From: T.E. Smith ;522§ SUBJECT: NorWAAP Geochem Suites

~Further to our past discussions on geocbem element suites to be composited
on the quadrangle overlays for NorWAAP, we have sifted through geochemical
signals characteristic of most deposit types and have come up with the five
guites listed below,“ Various combinmations of these five overlays should be
useful in discriminating between deposit classes and, perhaps imn some
cases, between dépqait types.

Py Ve
Suite 1 Cu, Pb, Zn, Ag, B&
Suite 2 W, Mo, Sn, Be, Bo
Suite 3 U, V, Cu
Sulte 4 Au, Ag, As, Bi, Sb
Suicte 5 Cr, Ni, Co, Cu

My apologies for the late date of this memo, the Roulag travels preempted
my eperpgiles last week,

cc NorWAAP Team
R. Reger

Cz-U.:xtRev 10 70,



ANOMALY RECOGNITION STRATEGY FOR NORTHWEST REGIONAL AREA PLAN STREAM SEDIMENT,
LAKE SEDIMENT, AND PANNED CONCENTRATE GEOCHEMICAL DATA

Milton Wiltse
Gail March

M PR L VNN
Three pralimimary sources of geochemical data were reviewed for the North West
Regional Area Plan (NORWAP) mineral appraisal: Natiomal Uranijum Resource
Evaluation (NURE) data; U.S. Ceological Survey, Alaska Mineral Resource
Assessment Program (AMRAP) data; and Alaska Division of Geological and
Geophysical Surveys (ADGGS) data. Each of these data sources provided subsets
of data types as summarized below:
3 u.s. B ureais ofF ,
NURE: lata '
stream sediment Mines (BoM) ) |
active streams
dry streams
lake sediment
AMRAP: BoM:
stream sediment S Lream se,abm%’l-f

ADGGS:
stream sediment

Virtually no source provided regionally distributed lithogeochemistry data.
Lithogeochemistry data were concentrated close to known mineral prospects,

therefore prospect location maps made effective representations for these
samples.

Chemical values for the various data sets were derived from four analytical
methods as follows:

NURE:
Energy Dispersive X-Ray fluorescence: As, Cu, Pb, Ni, Ag (Sn, W -
virtually no data)
Neutron Activation Analysis: V, Sb, Cr, Co, 2un, U (Au - virtually
no data)
Optical Emission Spectroscopy: Be - virtually no data
AMRAP:
Optical Fmission Spectrographic: Sm, W, V, Cr, NI, Co, Ag, Mo, As,
Sb, Bi, B, Ba, Be
Atomic Absorption: Cu, Pb, Zn, Au
ADGGS:
Optical Emisstion Spectroscopy: 8Sn, W, V, Cr, Ni, Co, Ag, Mo, As,
Sb, Bi, B, Ba, Be
Atomlc Absorption: Cu, Pb, Zn, Au

Characteristics of the different data sets vary widely. Optical emission
spectrographic data from the USGS and ADGGS reports are presented as
discontinuous step values within the following range of steps: 1}, 2, 3, 5, 7,
10, 20, 30, 50, 70, 100, 206, 300, 500, 700, 1000 ppm, etc. DNata derived from
atomic absorption, X-ray fluorescence, and neutron activation methods are
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essentlally continuous in value to the nearest whole ppm value. NURE uranium
values are an exception and are reported to the nearest hundredth ppm.

Detection limits for each element vary with the analytical method employed 1in
analyzing the sgaple.

Given tha above differences in the fundamental methods of sample analysis and
data preaentation, 1t 1s impossible to merge the unprocessed elemental values.
Within each data set, a single threshold value for each element was defined
that separated background from anomaloug samples. Thus each sample in a data
set was classified as being a background or anomalous sample with respect to a
given element, The anomalous samples for a glven element from all data sets
were combined in 2 single anomalous set of samples and thelr locarions plotted
on a map with an identifying element symbol. With this strategy samples

having anomalous values for up to five different elements were displayed on
one map.

The above procedure obscures the origin of samples, i.e., from the final maps
it 1g impossible to tell from which original data set the various sample points
vere derived. From the maps alone, it is also 1impossible to determine the
threshold value used to classify a sample as anomalous in & given element. 1In
fact, 1f the map represents n data sets there may be n threshold values for
each element represented on that map. For example, conslder the hypothetical

" case of three distinctly different data sets for Pb, one data set derived from
optical emlssion spectrographic data, the second data set derived from X-ray
fluorescence spectroscopy, and the third data set derived from atomic
absorption analyses. In practice, each of these data sets has&different

mean , detection limit , variance, and distribution shape. 1In this study each
set of Pb data is treated separately until anomalous samples are mapped. In
general the top 5% of values in each data set is classified as anomalous. The
remaining pointe in the data set are classified as background. The top
cut—-off value for a gilven distribution is not generally the same for all data
sets. Thus each anomalous sample 1s anomalous only in zelation to other
samples in i{ts original sample set. Once classified as anomalous it is placed
in a new subset of samples devrived from all samples classified as anomalous in
Pb, no matter from what original sample set they were identified, This
strategy also allows the merging of stream sediment and lake sediment
anomalies on the final map.

It is impossible to be absolutely consistent 1n applying only one rule to
choosing elemental anomaly threshold values. Although a choice of the top 5%
of values for a given element In a single sample set was the first rule to be
tried in all casedg, it was not strictly applicable if:

1) cthe elements in question were preclous metals and the detection limit
was high enough that virtually all reported values were anomalous.

2) the data set had a restricted number of samples so that essentially
no characteristic distribution was formed.

3) the data had been generated by optical emission spectroscopy so that
the high value interval limits had wide ranges (e.g., 500 - 700, or
5000 — 7000 ppm), resulting in large cumulative frequency steps.

4) the data had extreme high value outliers that had to be trimmed from
the data set so that the dominant data distribution could be
displayed.
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5) the data did not conform to regular distribution, but was
multi-modal. :

The following examples sexrve to 1llustrate the use of the general 5% rule, and

the types of judgments made for the five different types of exceptions noted
above.

Example l: 5% rule.

The Seward Penninaula NURE vanadium data provides an example of a straight
forward application of the general 5% rule. In Figure 1 note that an
interpolation of the the histogram value at 95% gives 159 ppm as the nearest
whole analytical value. Since the NURE lake sediment vanadium data is a
continuous sequence of integer values such an interpolation can be made. Note
that in Figure 2, NURE stream sediment vanadium data gshows a very similar
distribution but that the 95% value 13 in this case 182 ppm. Thus, on the
final anomaly maps NURE lake sediments greater than 159 ppm and NURE stream
gsediments greater than 182 ppm are both classified siwmply as anomalous, and

lake sediment samples points are indistinguishable from stream sediment sample
points.

Example 2: Precious metal values.

Preclous metal values for all samples were accepted as anomalous if any
positive results were reported. The analytical methods used in the studies
reviewed had high detection limits. For example, there were 2470 stream
sediment samples collected on the Seward Pemninsula. Any stream sediment or
lake sediment sample whose precious metal content cxceeded the detection limit
was rare. Figure 3 showys the 15 samples from the Seward Penninsula NURE
stream sediment data set thac had detectable gold values,

Example 3: Restricted data set.

NURE lake sediment tin analyses shown in Figure 4 provide an example of a
restricted data set. This histogram represents all Sn aralyses that were
above detection for all lake sediments from the Seward Penninsula that were
analyzed for tin. In this case all samples represented on the histogram were
arbitrarily classified as anomalous because most lake sediments analyzed for
tin gave no regponse at all,

Fxample 4. Optical emission spectrographic data.

Because of the broad reportiung intervals for optical emission spectrographic
data, a choice must often be made whether to include less than 5% of the
samples in the anomalous classification for an element, or as many a 20-30% of
the samples. TFigure 5 provides a typical example., Interpolated values have
no meaning because the data have only discontinuous values equal to interval
linits as described above.

Example 5. Data with extreme outliiers.
The NURE stream sediment data for Pb for the Sewvard Penninsula is shown in

Figures 6 and 7. 1In Figure 6 it is iwmpossible to interpolate 2 thresholad
value of the upper 5% of samples hecause of the skewness induced in the
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distribution by a few extreme outlier values. In Figure 7, the same data set
i3 displayed but the data has been trimmed of its 15 highest points (all
clearly amomalous) so that the histogram range is decreased. This has the
affect of stretching the most populous portion of the data distribution over
more hilstogram intervala. As a result the structure of the major portion of
the diatribution is revealed and a threshold can be chosen by one of several
methods: on the basis of inspection; on the basis of a value 2 standard
deviations above the mean; or on the basis of a value that geparates the
highest 5Z of remaining values from the lower values in the trimmed
distribution. In thils case the threshold was chosen as 25 ppm, or 2 standard
deviations above the mean of the trimmed data.

Note the maans and standard deviations for the two hilstograms of Figure 6 and
7. The mean for the trimmed and untrimmed data vary by ounly about 2 ppm, but
the standard deviation for the untrimmed data 1s 4 times greater than for the
trimmed data. Had the outllers in the distribution not been removed prior to
determining a threshold value, a sample would not have been clagsified as
anomalous until 1t reported greater than 74 ppm. ITnspection of the histogram
for the majority of Seward Penninsula stream sediment Pb data shown in Figure
7 shows that 75 ppm is clearly an inappropriate threshold value.

Example 6: Complex distributions.

The distribution of stream sediment chemical values for some elements, e.g.,
Cr, are strongly influenced by source rock type. Figure 8 shows an example of
this for a data set generated from part of the Nome quadrangle. Three
distinct populations are in evidence on this histogram. The lowest mode is
probably a background distribution for country rock schists devold of
greenstones and mafic imtrrusives. The concentration of values shown at 510
ppm represents values between 300 ppm and 500 ppm and probably 15 derived from
areas having abundant mafic Iintrusive rocks. The three samples at 1020, which
represent values from 700 ppm to 1000 ppm, are truly anomalous. Iun this study
2ll of the points represented by 500 ppm values were plotted on the maps as
anomalous and probably define an area having abundant mafic roacks.
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MEMORANDUM State of Alaska

DEPARTMENT OF NATURAL RESOQOURCES DIVISION OF GEOLOGICAL AND
QEOPHYSICAL SURVEYS
7O pick Reger, Chief DATE: November 28, 1984
Geologlc Mapping
& Milt Wiltse, Chief FILE NO:
Geochemical Section
TELEPHONE NO. 786-2168
FROM: " Merlin Wibbenmeyer \/J SUBJECT: N w. Alaska RMM
Resource Analysis Section Project-Minerals

This memo is to document a scope of work agreement with your
section to prepare mineral appraisal information for the
Noxthwest project. Attached to this memorandum is a copy of the
minutes from our meeting with the Division of Mining, a copy of
Tom Smith's handout on the mineral appraisal sequence, and your
work up on the budget to accomplish this task. The memo to DOM
is vet to be reviewed and confirmed by them, however, it should
be fairly close to the understanding held among all parties,

As for the budget, RAS will essign the equivalent of four months
of Karen Clautice's time to assist Tom Smith on this task, In
addition up to $15,000 previously allocated for this task can be
used for covering either general expenses for both the Geologic
Mapping Sections and the Geochemical Section, Also, up to
$31,700 (10,308 plus 21,400) is available to cover student intern
time, This should leave approximately and $7,000 general
expenses (from Geologic Mapping and Geochemical) not covered.
These funds are definitely available to begin work and will
continue so through June 30th. All work requiring funding from
Resource Analysis Section should be used by June 30, 1985.

The following products are expected from this task:

1) The minevral potential map compiled from the data layers
suggested in Tom Smith's handout. This should be
accompanied by a data quality map which indicates the
relative reliability of the information presented across
each quad.

2) A bibliography of sources found and distinguishing those
sources actually used. This will be #ncorporated into the
project bibliographv.

3) A short report will be prepared to describe how the
information was prepared and explain in layman's terms,
how to apply the 1information presented. Prior to

preparing this report, please get with Scott Christy to go
over content and format.

Once the data stack has been prepared, I would 1like Scett
Christy, George Dickison znd myself to review all of the related
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data elements used to see 1f any of the data elements layers
should be made a part of the final data base as independent
elements. There may be data element layers which would be of use
to other informacion applications besides mineral appraisal.
Also as socon as the first draft map with the mineral appraisal
interpretation is available, this should also be reviewed by RAS
and eventually DOM to make sure the final products will indeed
meet expeccations,

A brief monthly status report, should be provided either written
or a phone call to me, so that this task cam be ctracked along
with the other project activities. This work should cover all of
the quads contained in the N.W. Area Plan boundary. As
discussed, these products should be completed in final form by
June 30, 1685, The second phase of this project will include
automation, so f£inal products means wmap overlays which can be
used to digirize the information for entry into the computerized
data base.

If there are problems or I have misunderstood the arrangements
described above, please let me know so they can be worked out:
immediately,

In addition to the above project assistance, up to $5,000 1is
available for a student intern to assist John Dillon this fiscal
year between Januarv and Jume., This assistance is offered 1in
exchange' for some resource modelling needs anticipated in FYBE.
Please let me know if this meetrs with your approval.

-

MW/ mw

ce: Bill Barnwell, Deputy State Geologist
Scotr Christy
George Dickison
Karen Clautice
Tom Spith
Milt Wilcse
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MEMORANDUM State of Alaska

DEPARTMENT OF NATURAL RESOURCES DIVISION OF GEOLOGICAL AND
' TSEOPHYSICAL SURVEYS
YO Laurel Murphy, Depury Director ATE November 28, 1984

Division of Mining T

THRU: Bill Barnwell \‘€7 TELEPHONE NO:
Deputy Director " 786-2168

FROM " Merlin Wibbenmeyer MVb SUBJECT October 30, 1984
Acting Chief, Resource Analysis Section Meeting N.W. Mapping

Project

This memo summarizes our meeting concerning your request for
information in the Northwest Resource Management Mapping Project
area, The understanding I have as a result of our meeting
follows.

1) The DGGS Geologic Mapping Section will be producing a

mineral potential map that will interpret several factors
incliuding known mineral occurrences, mineral terranes, and
state/federal claims, into a single map overlay for each
of the seventeen quadrangles (1:250,000 scale) as outlined
by the Northwest Area Plan boundary. This map will
protray five classes of mineral potential as outlined in
the handout prepared by Tom Smith and will be accompanied
by a data-quality map indicating the relative reliability
of the information used to develop the derivative map.
The data stack and bibliography of sources used to develop
the mineral potential map will be available as historical
information i€ someone needs to verify the
mineral-potential data.

2) a) Detailed land wuse will be provided as one of the
information elements in the total data base.

b) Existing land-use plans will be available as part of the
bibliography and literature search conducted at the
beginning of each project. Where coples of the background
materials are provided to DGGS, they will be made
available to other DNR staff for their use. Sources of
information will be provided for those wishing to follow
up on outside agency plans.

c) Engineering geology will be provided by the Engineering
Geology Section for state landas and major voad corridors.
Where sea bottom geology characteristics are available for
the near shore (3 mile limit) they can be included in this
element.

d) Pipeline outfalls and potential port facilities would be
contained in the infrastructure element wmap.
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e) Fish and wildlife resource/habitat information will be
provided by ADF&G, 1included will be substantial
information on subsistence resources and access,

f) Socio-economic data 15 a new information element. To the
extent that information is readily available in summarized
form from such agencies as the Department of Labor or the
Alaska Department of Communiry and Regional Affairs.
Efforts will be made to acquire or provide access to
information found during the literature search.

3) Coal resources information is available, the exact format
in which this information will be presented is still being
explored. These data will be provided by the Minerals and
Energy Section.

4) Assistance {8 raquested from your division in updating and
acquiring che mineral-claims information. Approximately
six weeks of Fred Sterman's time (beginning November 5) 1is
needed to acquire this information,.

Your assistance 18 requested in prioritizing areas along the
shoreline which are of high interest in mineral leasing and
identifying future planning information needs in order to focus
specifically on areas of marine-placer potential,

Lascly, a list of other specific commodities in which you are
interested 1s requested. This list could be used to evaluate our
ability to deliver additional information by June 30th.

[f there are any questions or additions to the above summary,
please let me know immediately.

MW /aw

cct Jerry Gallagher Drfﬁw.

Scott Christy
Karen Clautice
George Dickison
Dick Reger

a A A
\\JTom Smith " :

Milt Wiltse
Randy Updike
Kerwin Krause
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MEMORANDUM

DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEQOLOGICAL AND GEOPHYSICAL SURVEYS

State of Alaska

70. M. Robinson, T. Balog, M. Albsnese oate: October 26, 1984

FROM:

CenaRey

G. Pessel, K. Clautice, M. Wiltse _
G. Marxch, D. Hickmott, R. Reger FILE NO:

TELEPHONE NO:  {907) 474-T7147
e
T. E. Smith y"‘6552§¢, susiecT: Northwest Area Plan ~ Tasks
Geologist /<f, : and other Specifics

As you may have heard by now, DGGS will be providing a summary on mineral
potential of Northwest Alaska as part of a DNR area plam. We, the "A" team,
have been assigned the objective of completing this effort by early summer.
A general methodology for attacking the problem evolved recently during a
meeting with the mimerals geologists. Now we are faced with implementing
the methodology, task and persomnnel allocatior, ete. To this end, I would
like to schedule a meeting on Tuesday, November 6, 2:00 p.m. to get us
underway. We look foreward to seeing you there., Think NorWAAP!
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STATE UF ALASHKA /csoreo ome

DEPARTMENT OF NATURAL RESOURCES

O POUCH 7-028

DIVISION OF GEOLOGICAL & GEOPHYSICAL SURVEYS Aone pon e O

B 794 UNIVERSITY AVENUE, BASEMENT
FAIRBANKS, ALASKA 99701
PHONE: (807) 474-T147

December 6, 1984

Mr. James Barker

Supervisory Physical Scientist
U.S. Bureau of Mines

O'Niel Bldg

University of Alaska
Fairbanks, AK 99701

Dear Jim:

The State Survey is currently involved in a literature-—based
mineral appraisal of 18 guadrangles in Northwest Alaska as part of a
management plan for Northwest Alaska Area (NorWAAP). Geochemical

.information is incomplete for some of these quadrangles, particularly

the Selawik Quadrangle. We understand you are working on a report of
the Selawik Hills region and would apprecilate incoxporating any
published or unpublished geochemjcal information you might have in
the Selawik Quadrangle. We would be most appreciative if you

could accomodate €his request.

Sincerely,

Thomas E. Smith
Geologist

c-c. R. Reger
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MEMORANDUM State of Alaska

DEPARTMENT OF NATURAL RESOURCES
DIVISION OF GEOLOGICAL AND GEOPHYSICAL SURVEYS
"O'Merlin Wibbenmeyer, paTe:June 17, 1985
Resource Analysis Section
. FILE NO:

TELEPHONE NO: 474=-7147

FAOM: Mary Albanese, AAA suBsecT: NorWAAP Products
Geologist

We are sending, under separate cover, one set of mylar overlays of the
mineral potential and data quality maps of the 1B NorWAAP quadrangles at
1:250,000 scale and at 1:1,5000,000 scale, along with a mapnnal which
includes an explanation of our scoring system, an extensive bibliography,
and other pertinent information. This material concludes our obligation to
this phase of the NorWAAP investigation, Please let us know if you have
any questions on this material. .

cc: Doug Jones
Tom Smith
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Definitions used in the development of the mineral
occurrence overlay for the Seward Peninsula phase of the
HORWAP appraisal.

SIGNIFICANT DEPOSIT CR OCCURRENCE

For the purpocse of <developing the mineral deposit
overlay, a significant mineral deposit was defined as a
mineral Adeposit that contains known reserves (either
published or wunpublisned) and/or from which a considerable
amount of mineral commodities have been produced. The
significant deposit catagory is the highest ranking catagory
used in this evaluation and includes deposits such as Lost
River, Kougarok Mountain, Hannum Creek, Omalik, Big Harrah,
a2nd so forth.

DEPOSIT OR OCCURRENCE

For the purpose of developing the mineral deposit
overlay, a mineral deposit or occurrence was defined as a
mineral deposit © or occurrence for which there 1is no
significant reserve base or production, and for which there
is minor production and/or a potential for reserves

MINOR OCCURRENCE

For the purpose of developing the mineral deposit
overlay, a minor occurrence was defined as a mineral
occurrence that does not contain known reserves and has no
potential to contain reserves. This deposit catagory 1is
important only as an indicator of mineral trends and
fovorable environments, but in them selves have no economic
significance.
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- EXPLANATION FOR THE MINERAL OCCURRENCE OVERLAY

SYMBGL

e e T — A e o e e e e e e e e e e e e = e S e M e e . e e O e i

minor . significant DEFPOSIT TYPE
occurrence occurrence oOCcurreance ’

Stratiform Pb-In-~Cu-Ag—-Fe-Ba
Sedex type
_Voleanogegic type

Stratiform Ba

Vein Ag—-Pb-In +- Au

Vein Au-Ag +— W

Vein Cu +— Pb—Ag—Au

Vein W

'Vein unclassified (Sby, Mn, Ba)

Stockwork Au

Forphyry Cu—Mo

Forphyry MD-N

Skarn Cu-Fe

Skarn W-Cu -

Skarn Zn—Fb +—- Ag—Sn—F-Be

Skgrn Sn

Replacement F +— Be

Replacement Sn (greisenf

O 0000052000'660@00

Stockwork Sn
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EXPLANATION FOR THE MINERAL OCCURRENCE OVERLAY

‘SYMBAL

minaor significant DEFPQGSIT TYFE
occurrence occurrence ,occurrence

Mafic—-Ultramafic associated Cu-Ni .
Mafic-Ultramaftic Cr
Mafic—-Ultramafic Pt~-Pd (PGEM)
Asbestos

Sedimentary Cu

Volcanic red bhed Cu

Metamorphosed Cu deposits ? origin
Iron formation and/acr ironstone

Carbonate hosted Zn—-Fb

« OO0 O ¢ > » > b

Carbonate hosted Cu

-

\ >0 Od<«QOOPD>res

Sandstone hosted U

Igneous associated U

«OACPO O PP BB

>x b O «

Miscellaneous — unclassified

Placer Au

3

Placer Sn
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See Public-data File 85-58, 'Bibliography and index of northwestern Alaska
geology,' by M.S. Robinson, M.D. Albanese, K.H. Clautice, G.H. Pessel, and
C.C. Fraser, 331 p.



