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Folger, Peter Franklin, M.S., March 1988 Geology

The Geology and Mineralization at the Omar
Copper Prospect, Baird Mountains, Alaska

Director: Ian Muirhead Lan;::;;:>‘zz) .

Copper sulfide mineralization is stratabound and discordant
within Devonian dolostone host rocks at the Omar Prospect, 100
km northeast of Kotzebue, Alaska. Pyrite and chalcopyrite are
disseminated within organic/insoluble-rich zones in bioclastic
wackestone to packstone. The organic material may have been
the loci for bacterial reduction of seawater sulfate, which
provided reduced sulfur that reacted with iron and copper to
form early pyrite and chalcopyrite. Chalcopyrite,
tennantite/tetrahedrite, and bornite replaced pyrite within the
organic/insoluble-rich zones. Discordant veins comprised of
commonly euhedral dolomite and chalcopyrite and bornite cut
earlier mineralization and form a stockwork or breccia. Some
breccia textures resemble incipient solution collapse, and may
have formed as a result of dissolution by meteoric waters,
hydrothermal fluids, or acids generated by thermal degradation
of kerogen. Late calcite-quartz-malachite-chalcopyrite veins
crosscut earlier textures and may represent remobilization of
copper during deformation and metamorphism associated with the
mid-Jurassic to Cretaceous Brooks Range orogeny.

Conodont alteration indexes suggest all lithologies at Omar
reached a minimum of 300-3500 C, corresponding to lower
greenschist facies metamorphic temperatures. Conodonts from
mineralized dolostones do not reflect amnomalously high
temperatures, suggesting hydrothermal fluids were below
300-3500 C.  Pyrobitumen blebs spatially associated with
mineralization suggest that hydrothermal fluids may have
generated and transported liquid hydrocarbons; however,
hydrocarbons were not genetically associated with sulfide
precipitation.

Copper,lead, zinc, cobalt, arsenic, silver, +/- manganese
constitute a trace element suite useful as a pathfinder for
Omar-~-type mineralization. Omar shares many characteristics
with some Mississippl Valley~-type deposits, particularly
deposits in southeast Missouri, but is most similar to
carbonate-hosted discordant copper deposits like Ruby Creek,
Alaska, and the Cooley and Ridge deposits in Australia,
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Introduction and Previous Work

The Omar copper prospect, approximately 100 km
northeast of Kotzebue, Alaska, is in the Baird Mountains
lo X 30 quadrangle (670 30'N, 1600 55'W; Fig. 1).
Discontinuously mineralized dolostones are exposed within
a l by 3 km area (Fig. 2) between the western fork of the
Omar river and the North Fork of the Squirrel River.
Chalcopyrite, bornite, lesser covellite and pyrite, minor
chalcocite and tennantite-tetrahedrite, and rare galena,
together with supergene copper carbonates and iron oxides
are exposed at the surface. Lesser amounts of chalcocite
occur in the subsurface than are exposed at the surface.

Subsurface information is limited to Bear Creek Mining
Company (BCMC) drill logs. Petrography on polished and
regular thin sections and cathodoluminescence provided
information about the mineralization history at Omar.
Conodont alteration indexes (CAIs) and a study of the
maturity of organic material gave some information on the
thermal history of Omar host rocks. Staining of the host

rocks with alizarin red-s and potassium ferricyanide
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Fig. 1. Location of the Omar Copper Prospect The
shaded area in the Baird Mountains quadrangle marks the
approximate boundary of the Squirrel/Omar River carbonate
rocks. -2-



revealed variations in the iron content of calcite and
dolomite that may be related to mineralization.

I describe the textural relationships between sulfide
minerals and gangue minerals, the host carbonate rocks,
and timing and controls of mineralization. The trace
element lithogeochemical characteristics, and secondary
geochemical dispersion halos in both stream sediment and
soils are discussed to aid in the development of
exploration models.

Bear Creek Mining Company (BCMC) discovered significant
copper sulfide mineralization at Omar in 1962 after a
regional stream sediment reconnaissance, drilled 19
diamond drill holes between 1966 and 1967, and continued
assessment work until 1972. Unfortunately, this core was
discarded at the headwaters of Omar Creek (Fig. 2) and
only fragments remain.

wWatts, Griffith, and McQuat (WGM Inc.), under contract
to the U.S. Bureau of Mines, conducted geologic mapping
and soil sampling in 1977 (Degenhart and others, 1978),
and Jansons (1982) determined the cobalt content of rock,
stream sediment, and soil samples from the prospect.
Folger and others (1985) compared the use of insoluble
residues from stream sediments to conventional untreated
samples from Omar Creek in an attempt to enhance

dispersion halos. New conodont dates and conodont
-3-



alteration indexes (CAls) collected during this study and
by A. Harris and J. Dumoulin (written communication,
1985, 1986) are included in this report. This paper
results from 23 days of field work during the summers of
1984 and 1985, and subsequent petrographic and lab work
at the University of Montana and the U.S. Geological

Survey, Branch of Exploration Geochemistry, Golden, Co.

Regional Geology

The Omar Prospect lies within the western Brooks Range
fold and thrust belt, an area of complexly folded and
faulted Lower Paleozoic (and Precambrian?) to Lower
Mesozoic metasedimentary and metaigneous rocks (Fig. 1;
Tailleur and Snelson, 1968; Martin, 1970; Mayfield and
others, 1983). The central and western Brooks Range is
characterized by extensive thrust faulting and crustal
shortening of up to 580 km in places, possibly as a
result of opening of the Canada Basin to the north
(Tailleur and Snelson, 1969; Mull, 1982). In contrast,
the northeastern Brooks Range experienced mainly vertical
basement-involved uplift with much less horizontal
movement (Detterman, 1970; Mull, 1982). Sedimentological
evidence from Neocomian to Albian flysch deposited in a

foreland deep north of the thrust belt suggests a
-4-



mid-Jurassic (?) to Cretaceous age for deformation and
thrusting (Mull, 1982).

Predominate rock types within the Baird Mountains
guadrangle include highly deformed Lower Paleozoic (and
Precambrian?) phyllites and schists in the central and
eastern parts of the quadrangle, Devonian and
Mississippian Endicott Group metasandstones and phyllites
{Mull, 1982) in the northern part of the quadrangle, and
Lower to Middle Paleozoic carbonate rocks in the
west-central (including Omar host rocks) and northeastern
parts of the gquadrangle. Tailleur and others (1977)
suggested Endicott Group clastic rocks and the Paleozoic
carbonate rocks are tectonically juxtaposed.
Mineralogical evidence (Mayfield, 1976) and conodont
alteration indexes from samples collected during the
Baird Mountains Alaska Mineral Resources Assessment
Program (1983-1985) suggest most rocks in the Baird
Mountains quadrangle underwent greenschist and blueschist
'facies metamorphism (Dumoulin and Harris, 1986).

The previously undifferentiated carbonate rocks of the
Squirrel River Basin were presumed to be Silurian to
Devonian in age {Fig. 1; Beikman, 1980). More recent
studies of the Squirrel River carbonates (Dumoulin and
Harris, 1985, 1986), identified both Ordovician and

Devonian dolostones and metalimestones that are present
-5-



at Omar. As per their classification, the terms
dolostone and metalimestone are used here to describe
recrystallized carbonate rocks that retain some
pre-metamorphic textures. Marbles are rocks that have
been totally recrystallized to calcite.

Lower and lower Middle Ordovician rocks are thick
sequences of platformal carbonates deposited under
slightly restricted to normal marine conditions, in very
shallow to intermediate water depths. Up to 250 m of
carbonate was deposited in 5 million years {(Dumoulin and
Harris, 1985, 1986). Normal to slightly ferroan
dolostone, commonly finely laminated and displaying
fenestral fabric, was deposited both in lower and upper
intertidal environments. Some of the fenestrae may
reflect original algal lamainations, but others were
probably produced by penecontemporaneous evaporite growth
and later dissolution or replacement (Dumoulin and
Harris, 1986). Dolomitic to argillaceous metalimestone
was deposited under deeper water conditions. Lower
Ordovician rocks near the Omar deposit are locally
bioturbated packstone and grainstone with laminated and
scoured beds.

Distinctly different Lower to lower Middle Devonian
dolostone, metalimestone, and lesser marble are also

found in the Squirrel/Omar River drainages. The Devonian
-6=



dolostone, locally cherty and consisting mostly of
bioclastic packstone, was deposited over a range of
normal marine shelfal depositional environments. 1In
contrast to Ordovician rocks, the Devonian rocks contain
a sparse to abundant megafauna of corals,
stromatoporoids, gastropods, brachiopods, and bryozoans
(Dumoulin and Harris, 1986).

Minor amounts of basaltic(?) sills, dikes, and flows
within the Squirrel River carbonate rocks, occur 8 to 15
km north and east of Omar. Their age is unknown but
probably Paleozoic based on field relations with

Ordovician and Devonian carbonate rocks.

Stratigraphy at Omar

The stratigraphy at the Omar prospect (3 km2) consists
of unnamed metalimestones and dolostones included within
the Devonian and Ordovician carbonate rocks described by
Dumoulin and Harris (1986). Previous work (BCMC,
unpublished reports; Degenhart and others, 1978), defined
a number of carbonate lithologies of unknown, but
presume Devonian age.

The stratigraphic units used in this paper were defined

by field and petrographic observations; ages were
-7-



determined by conodonts (A. Harris, written
communication, 1985,1986). Similar-looking Lower to
Middle and Middle to Upper Ordovician dolostones were
distinguished primarily by conodonts ages. Silurian
lithologies are rare in the Squirrel River drainage
basin, and no Silurian lithologies were identified at
Omar. An unconformity of Late Ordovician and/or Early
Silurian time is suspected to occur in the Squirrel River

basin (Dumoulin and Harris, 1986).

Ordovician Lithologies

Although recrystallization has obscured many primary
features, conodont assemblages as well as sedimentary
textures in some well-preserved dolostones lend insight
into the original depositional environment. Ordovician
rocks contain few megafossils are generally more
recrystallized than Devonian lithologies at Omar.
Conodont species associations from Ordovician rocks,
however, have suggested specific depositional
enviroments. Table 1 contains the paleocenvironmental
interpretations provided by A. Harris (written
communication, 1985,1986). Ordovician dolostones were

deposited under warm and shallow water conditions.
-8-



Ordovician metalimestone may be a deeper water facies
although the particular conodont fauna recovered at Omar

are not diagnostic palecenvironmental indicators (OM154,

Table 1).



Table 1. Ages, CAI values, and paleoenvironmental association fros
conodont faunal association (all data from A. Harris, sritten
compunication, 1985-1986).

Sapple B Age CAI Paleoenvironment Onit
T e Koy desonian 56 e s
M55 Barly Devoniaz 5-5.5  ---- 3
0460 Rarly Devonian 5 ---- )
0463 Barly Devonian 5-5.5  ---- 5
0N67 farly Devonian 5.5-6  ---- 5
04156 Early Devonian 5-5.5  ---- 5
0¥118 Barly Devonian 5 Karn, shallow water, 5
high energy
K64 Yiddle Devonian 5-5.5  ---- )
0460 Hiddle Devonian 5 ---- )
%160 Hiddle Devonian 5 ---- b
0854 Barly Devonian- 7-8 ---- 5
Early Mississippian
0488 farly to Middle 5.5 === 5
Devonian
0X136 ¥iddle to Late T7-8 Restricted, wars, {
Ordovician shaliow water, innermost

platfors association

04100 Middle to Late 5.5-7 festricted, ware, 4
Ordovician innermost platforn association.
O¥146 ¥iddle to Late 5.5 and Restricted, wars, 4
Ordovician 7-8 icnermost platform association.
0M147 Niddle to Late 7-8 Restricted, wara, 4
Ordovician innernost platform association.
0N145 Hiddle 1-§ Restricted, warm, 4
Ordovician inoermost platform agsociation.

-10-



Table 1 (continued)

..............................................................................................

0N86 early Niddle  6-7 Restricted to normal 2
Ordovician parine, shallow to very
shallon platform agsociation.

0M102 Rarly to early 5.5-6  Normal marine shelfal ?

Hiddle Ordovician or platforeal.

0¥51 Farly to early 5.5 Norsal marine, open 2
¥iddle Ordovician shelf

(OH63 late Karly 6 ---- 2
Ordovician

8-13-838  late Eariy 5.5-6.5 Waras, shallow water 2
Ordovician biofacies

0151 late Farly 1-8 Warp, shallow water 2

Ordovician biofacies

0457 late Early 5.5-6  Warp, shallow water 2
Ordovician biofacies

OH87 late Rarly 5.5-6  Shallow to mid-shelf, 2
Ordovician poreal marine

0M106 early Early 55-6  ---- 2
Ordovician

OM112 early Early 5.5 Norpal, marine shelfal 12
Ordovician to platformal species.

04155 early Early 5-5.5  HWarm, shallow water 2

Ordovician association
0N154 early Rarly 5.5 Pelagic fauna, no 1
Ordovician water temperature interpretation.

-11-



Most Ordovician rocks at Omar are dolostones, with a
generally fine-grained matrix of interlocking dolomite
crystals and sparse calcite crystals. The rocks are
commonly bleached, often changing from medium or dark
gray to light gray along strike. Anomalously high
Conodont Alteration Indexes (CAIs) from some samples of
Ordovician dolostone record apparent temperatures of up
to 4900 C (Tables 1 and 2) and probably indicate
hydrothermal (and oxidizing) fluids interacted locally
with the rocks. (A. Harris, written communication, 1986).
CAIs correspond to progressive and irreversible color
changes of conodonts, usually in response to temperature
and duration of burial (Epstein and others, 1977).
Epstein and others (1977) established temperature and
time intervals for each color based on experimental and

field evidence (Table 2).

-12-



Table 2. Mininup Temperatures of Heating
Corresponding to Conodont Alteration Indexes
(Epstein and others, 1377; A. Harris, sritten

coppunication, 1985-1986)

................................................

300

5.5 360-350

5 350

5-6 350-409
400

-1 409-500

8 490+

-13-



Because CAIs (5-6) for most carbonates in the Omar area
reflect minimum burial temperatures of 300-3500 C (Table
1), CAIs of 7-8 probably recorded very local, and
relatively shorter, interactions with hydrothermal fluids
that may have bleached the rocks, and altered conodont
colors to give misleading temperature estimations (A.
Harris, written communication, 1985,1986). Bleached
areas and high CAIs do not correspond to areas of copper
sulfide mineralization; their origin is unknown.

The two varieties of Ordovician dolostone are
distinguished by conodont microfossils and field
relationships. Conodont fauna from dolostones fall into
three age groups: early Early Ordovician, late Early to
early Middle Ordoviciaﬂ, and Middle to Late Ordovician
(Table 1). Lower Lower Ordovician and upper Lower to
lower Middle Ordovician dolostone were mapped as one unit
because both units were texturally indistinguishable in
the field. The Middle to Upper Ordovician dolostone
locally displayed more distinctive light and dark
laminations than older dolostone units.

Veinlets of coarser dolomite or calcite cut the matrix
of all Ordovician dolostones, and lesser amounts of
quartz fills both veinlets and small pockets within the

matrix. Stylolites are generally present but not
_14_



abundant, and are commonly sutured {(interpenetrating
pillar and socket surfaces; Wanless, 1979). Both veins
and sutured stylolites probably formed after
lithification of the carbonate.

One sample of platy-weathering metalimestone at Omar
yielded an early Early Ordovician age, and is the oldest
mappable unit recognized at Omar. Samples from a similar
platy-weathering brown to orange to gray metalimestone
that lies in apparent stratigraphic contact above the
Lower to Middle Ordovician dolostone contained
unrecognizable conodonts (A. Harris, written
communication, 1985,1986). Hence, based on field
relations, I assigned an Earliest Ordovician age to one
platy-weathering metalimestone (unit 1) and an uncertain,
though probably Ordovician age, to the other
platy-weathering metalimestone unit (unit 3; Fig. 2). The
platy-weathering brown to orange to gray metalimestone is
a common lithology in the western Baird Mountains
quadrangle, probably representing a single depositional

environment, though not necessarily a single age.

Unit l1-Lower Lower Ordovician Metalimestone. A brown-gray

to orange-gray weathering metalimestone is fine to
coarsely crystalline (.2 to .8 mm) and is commonly

platy-weathering. It contains laminae of dark and light
-15-



carbonate ranging from <lmm to 6cm thick. Laminae are
occasionally disrupted by oval blobs of coarse,
crystalline white calcite, that were stretched and
deformed during metamorphism.

The metalimestone varies from a fairly uniform texture
of interlocking calcite crystals with scattered dolomite
crystals to a consistently banded texture with layers of
coarse (<1 to 3 mm), sparry, calcite crystals and thinner
laminae of opaque insoluble material containing small
(.04 to .1 mm) dolomite crystals. The insoluble material
may be either original compositional variation, or
resulted from compaction and carbonate dissolution during
diagenesis (Shinn and Robbin, 1983). These laminae
commonly contain pyrite, are continuous for at least 2 to
5 cm, and are .5 to 1 mm thick. Quartz (<.2 mm across)
occurs with the organic/insoluble-rich layers; less
commonly with the coarser calcite. White mica and
chlorite occur on some partings between calcite layers

(J. Dumoulin, oral communication, 1986).

Unit 2-Lower Lower to Lower Middle Ordovician Dolostone.

Lower Lower to lower Middle Ordovician dolostone is light
gray, less commonly medium to dark gray, mostly
fine-grained (.2 to .5 mm), and massive to less commonly

laminated (1-2 cm laminations). The dolostone contains
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rare, relict megafossils (I recognized one gastropcd),
and scattered pyrite grains. Where massive, the dolostone

is variably pinkish-white and sugary-textured.

Unit 3-Metalimestone, Uncertain Age although Probably

Ordovician. The brown to gray to orange platy-weathering

metalimestone is similar to unit 1. It is thinly banded
and contains coarsely crystalline (1 to 3 mm) calcite
layers. Field relationships suggest this metalimestone is
younger than lower Lower to lower Middle Ordovician
dolostone. Conodonts recovered from samples are too
deformed for accurate age determinations (A. Harris,

written communication., 1986).

Unit 4-Middle to Upper Ordovician Dolostone. Middle to

Upper Ordovician dolostone is medium to light gray,
massive to finely laminated (.5-.7 cm laminations of
light and dark gray carbonate), locally sugary-textured
dolostone. Locally preserved spheres, irregular and
elongate clasts are visible in thin section, and possibly
represent fenestrae or burrows (J. Dumoulin, oral
commun., 1986). The locally abundant spheres and clasts
indicate that the dolostone was probably originally a
bioclastic packstone or grainstone. The dolostone

contains rare, disseminated pyrite.
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Devonian Lithologies

Devonian age rocks from the Omar area include both
dolostones and metalimestones. Conodonts from dolostones
and metalimestones range between Early and Middle
Devonian. The Devonian dolostone contains relatively
more organic material than Ordovician dolostones,
commonly preserves textures suggestive of encrusting and
boring algae (G. Stanley, oral communication, 1986), and
hosts a variety of fossil forms. Rugosan and colonial
coral patches, 10-20 m wide, may represent bioherms or
patch reefs. BCMC drilled over 400' of "reef core"
material at Copper Hill*, indicating locally abundant
carbonate buildups or patch reefs. In addition, BCMC
drill logs report "reef" or "talus" breccia, possibly
representing local reef front or fore reef environments.
Abundant stromatoporoids and coral buildups are typical
of Devonian, shallow water, carbonate environments

(James, 1983).

*Informal names: Copper Hill, Blind Spot, Trail Mountain,
Omar Mountain, Hump Mountain, Everclear Ridge, South
Saddle, C Ridge are both from BCMC unpublished data and

this study, and are shown in Fig. 2.
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Unit 5-Devonian Dolostone and Metalimestone. The

dolostone is dark to medium gray fine-grained dolomite
(.05 to .1 mm), with bioclasts <1.0 mm in diameter.
Megafossils, including rugosid corals, colonial corals
(Favosites, W. Oliver, written communication, 1985),
crinoids stems, ostracods, stromatoporoids, and possibly
bryozoa, occur in patches several meters to tens of
meters wide. These megafossils are commonly silicified,
and weather black.

This unit varies from mudstone (which rarely exhibits a
light and dark gray banding) to wackestone, less commonly
packstone, and rarely grainstone with fossil fragments
making up the grains and fine-grained dolomite probably
representing original lime mud. Sparry dolomite commonly
replaces fossil fragments that only rarely retain fine
structures such as septa in rugosid corals. Indeterminate
fossil clasts (ranging up to 1.5 mm across; possibly
gastropods or foraminifera, G. Stanley, oral
communication, 1986), have micritized rims from
endolithic algae, and coarse, sparry dolomite and quartz
cores.

Bioclastic wackestone to packstone, characterized by a
mud-rich matrix (now fine-grained micritic dolomite)
suggests a backreef depositional environment (James,

1983). Fine-grained alternating light and dark gray
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laminated dolostone with fewer fossil remnants was
probably deposited in a quieter, lagoonal facies (James,
1983). The Devonian conodont fauna are less diagnostic of
depositional environments than earlier Paleozoic fauna
(J. Dumoulin, oral communication, 1986). One sample
(OM118, Table 1; Fig. 2), however, contains conodonts
indicative of a warm, shallow, high energy environment.

Organic and other insoluble material are locally
abundant in the wackestone to packstone, rendering some
thin sections semi-opaque. The insolubles commonly form
irregular and discontinuous concentrations that are <lcm
to less commonly 1-3 cm wide. Shinn and Robbin (1983)
described similar concentrations of insolubles resulting
from early diagenetic pressure solution and compaction.
Sutured stylolites are rare but where present crosscut
earlier, more diffuse concentrations of insolubles,
fossil fragments, and coated grains.

Dark to medium gray Devonian metalimestone consists of
70-95% subhedral to anhedral, fine to coarse-grained (.1
to 1.0 mm) calcite, with 5-30% anhedral dolomite.
Limestone is commonly platy-weathering (5 to 20 cm
partings), and contains locally abundant round to oblong
patches of coarse, white calcite. Stromatoporoids are
locally preserved in relatively un-recrystallized

metalimestone. Stylolites are common but minor.
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BCMC drill logs show intercepts (up to 150 feet (46
meters); DDH 5, Fig. 2) of "chloritic to phyllitic"
metalimestone between massive coralline, probably
Devonian, dolostone. Limestone apparently graded into
the coralline dolostone. This '"chloritic to phyllitic"
lithology was not observed in contact with the dolostone
at the surface, but might lie beneath rubble cover of the

more resistant dolostone.

Lithologies of Unknown Age

Unit 6-Marble. Marble is massive, very coarsely

crystalline, light gray to nearly white, crops out in
pods and lenses and is several meters to tens of meters
wide. Marble commonly occurs near the base of, and in
possible fault contact with, lower Lower Ordovician

metalimestone (unit 1).

Structure

Most units within the Omar area strike north and dip to
the west between 50 and vertical; some beds are

overturned (Fig. 2) as a result of folding into NW
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trending anticlines and synclines. The lower Lower
Ordovician metalimestone (unit 1) commonly preserves
tight to isoclinal, centimeter to meter amplitude kink
folds (Fig. 3a, 3b). Folds are variable, but generally
trend northward and plunge between 40 and 20o0. The more
competent dolostone units rarely exhibit millimeter to
meter scale folding. Microscopically, layers of insoluble
material between layers of recrystallized coarse calcite
within the lower Lower Ordovician metalimestone (unit 1)
are commonly kinked (Fig. 3c) mimicing larger scale

features.
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Fig. 3a. Kink folding in Lower Ordovician metalimestone
(Trail Mountain).

Fig.3b. Isoclinal folding in Lower Ordovician
metalimestone (Hump Mountain).
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3c Photomicrograph (plane polarized light) of kinked

Fig. .
bands of organic material and insoluble debris within
calcite (0OM123, Lower Ordovician metalimestone,

magnification=40x).
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Stratigraphic and structural relationships suggest both
reverse ahd normal faults occur in the limbs of these
folds (Figs. 4a, 4b), and are probably steeply dipping
although fault planes are rarely exposed. Evidence for
north to northwest trending faults includes fracturing,
commonly accompanied by abundant quartz veining in the
fractured zones. Relative displacement along these
fractures or faults is uncertain because they commonly
occur within one stratigraphic unit. Some of the fracture
surfaces contain sulfides, but most contain only iron
oxides, malachite, and rare azurite. Degenhart and others
(1978) interpreted several NW trending, steeply dipping,
fracture zones extending up to 9000 feet (2743 meters)
over an area of up to 3500 feet (1067 meters) wide. They
concluded that some, if not most of the copper
mineralization occurred along these fractures. BCMC
drilling logs report fractures in the subsurface below

Copper Hill.
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Several exposures of lower Lower Ordovician
metalimestone, lying structurally above lower Lower £o
lower Middle Ordovician and Devonian rocks, suggest
thrusting of older over younger units (Figs. 4a, 4b).
Amount of displacement along thrust or reverse faults
cannot be estimated because stratigraphic thicknesses are

poorly known. Rare exposures of faults indicate local
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Fig. 4a.
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Fig. 5. Thrust/reverse fault contact placing Lower
Ordovician metalimestone (right) over Lower to Middle
Ordovician dolostone. Fault plane dips 720 to the west

(Hump Mountain).
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steep dips (720 Hump Mountain; Fig. 5), although
structural relationships near Blind Spot (Fig. 2) suggest

moderate (25-400) fault plane dips.

Mineralization

Introduction

Most iron and copper sulfide mineralization at the Omar
Prospect is stratabound and discordant within the
Devonian dolostone (unit 5). The absolute timing of
mineralization at Omar is unclear, but probably occurred
prior to the mid-Jurassic(?) to Cretaceous Brooks Range
orogeny. Minor amounts of copper were remobilized during
or after deformation and deposited with calcite and
guartz in veins (up to 6 cm thick) that cut both Devonian
rocks and structurally overlying lower Lower Ordovician
metalimestone (unit 1).

Earliest copper mineralization occurs as disseminations
and replacement of pyrite. Pyrite, copper sulfides and
sulfosalts are spatially and perhaps genetically
associated with relatively concentrated bands and zones
of organic and other insoluble material within the

Devonian dolostone (unit 5).
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Most of the copper mineralization observed on the
surface at Omér occurs as bornite and chalcopyrite within
dolomite veinlets (generally <2-3 cm thick) with lesser
amounts of quartz and calcite. Veinlets commonly
intersect each other and surround angular to subangular
fragments of host dolostone, producing a "breccia" or
stockwork texture. It is unclear whether veinlets were
emplaced first, or followed open spaces created by

dissolution of host dolostone.

Subsurface Mineralization (from BCMC Drill Logs)

BCMC drilled 10 core holes at Blind Spot and 9 at
Copper Hill (Fig. 2). At Blind Spot (Fig. 2) they
intersected only 1 calcite-quartz-dolomite vein
containing chalcopyrite, bornite, and pyrite, within
lower Lower Ordovician metalimestone (unit 1), and failed
to intersect mineralization in dolostone. Drill holes 5,
6, 16, and 17 intersected significant mineralization at
Copper Hill (Fig. 2, Table 3) and drill hole 8
encountered 30 feet (9 meters) of minor malachite,
azurite, and chalcocite at Copper Hill. The following

descriptions are summarized from BCMC drill logs.
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Table 3.  Sumsary of Hineralized Intercepts in Drill Holes 3,6,16,17
(data from BCHC drill logs)

Drill  Intercept and

fole Average Grade Bost Rock Mineralization
5 12-15 » 72.5-76.8 p=massive 73-76.9 m=ccp, brn, py; ccp
.143% Cu clean dolostone and py are intimately associated with

open fractures contain sulfides

i5-76.8 » oxides, and copper carbonates.
.376% Cu
35.6-89 » §6.9-92.7 v=fossiliferous  86.9-33 nzbro most abuadant, ccp
5.25% Cu dolostone; apparent and py intimately associated,
healing and refractured spall runs of massive cc,
ca-;z‘g e bresciy. Breccla text- poesibie ten and cov: Cufdd
1212 3 G are often shzcured be- oxidez raplace fozsils present.
cause culfides and solid
riss of cc obscure
original features.
§ §-36.6 n 0-36.6 m-passive coralline 0-12 m=passive, commonly botry-
3.16% Cu dolostone, py has pos- nidal blebs and fragments of
sibly replaced some fos- py. CuC03 copmon as small
sils. Non-oriented crustings and blebs. Trace
spall blebs and blubs bra, cc.
{of dolostone) suggest
host has brecciated, 12-70 n=trace brn as tiny dis-
healed, re-brecciated. continuous veinlets. Ten and cc
Host graded into dark, up to 3%, brn rarely up to 5%.
carbonaceous dolostone.
20-32.3 »=Cu mineralization in
dolofcale stringers and ogen
fractures, but primarily solid
around clasts. Blebs of cc
shot through massive and brec-
ciated dolostone alike.
32.3-33.5 w=py occurs as clast re-
replacesent blobs.
-pyrobitusen (solid hydrocarbon)
snd minor graphite very coamon.
31-85 = 81-85 czexcellent “reef” 81-85 p=py and brn pervasively
09% Tu limestone clastic breccia. scattered through limestone

clastic breccia.
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Table 3 (continued)

16 32-45 0 -passive, fresh looking -py occurs as sharply defined
182% Cu coralline, brecciated regular to irregular to regular
dolostone. spail blocks, often "shatter”(?)
51-70 » type; py surrounds and is often
.963% Cu enbayed in dull to glossy black
carbonaceous material. Cu sin-
eralization generally reiated to
fractures, fossils, vaggy fil-
lings. stylolites and seaws.
17 17.5-59 2 -fine grained to massive, 0-18 m=py cccurs as discrete
.¢19% Cu coralline to carbonaceous crystals in host and along

dolostone containing fractures; py commonly rims
crinoid stees. Intensely breccia frageents.
fractured host, gets more  18-74 m=brn and cc form discrete

silicified with depth. veinlets along vuggy fractures
Fractures are filled sith  and occur as scattered grains.
dolomite, some vuggy py is massive to collofors in
fractures lined with cal- unoeduiar clusters.

cite.

24-33.% p=ainor cc veinlets, scat-
-paseive dolostone common- tered CuCdd on fractures.
ly contains approx. 50%
well laminated(muddy) 33.5-62 m=passive sections (50-
dolostone fragsents. Crin- T70%) of colloform pyrite with
0id stems and anthraxolite well developed radial and con-
are related to dark dolo-  centric structures; appears

gtone fragments. fractured locally. Massive

pyrite occurs in layers of
-below 61.6 o host is "puddy” dolostone within host
severely brecciated and coralline dolostone.
silicified.

-scattered veinlets of bra and
cc occur along fractures,

-gcattered sections of coarse
grained (but ¢ 1") anthrax-
clite occurs in host.

py=pyrite, ccp=chalcopyrite, brnzbornite, cczchalcocite, ten-tennantite, cov=covellite
dolo=dolomite, calc=calcite
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Figure 6 displays the rock types intersected and
vertical extent of mineralization for drill holes 5 and
6. Based on the previous descriptions, I have suggested
probable ages for the lithologies. The contact between
argillitic to phyllitic metalimestone and massive
coralline dolostone (corals observed only in Devonian
rocks at the surface) is gradational, suggesting the
underlying metalimestone (hole 5, Fig. 6) is in
stratigraphic contact with the dolostone although it was
never observed in contact with Devonian rocks at the
surface.

BCMC description of a "talcy" phyllitic to chloritic
metalimestone most closely matches lower Lower Ordovician
metalimestone (unit 1) and/or unit 3 metalimestone. 1In
the subsurface, this unit is commonly sheared,
penecontemporaneously deformed, and exhibits highly
variable dips over short (vertical) distances, suggesting

a possible fault contact with Devonian dolostone.
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of drill holes 5 and 6 at Copper Hill (from BCMC data).
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Unit thicknesses vary considerably and are difficult to
correlate from hole to hole, indicating he carbonate
rocks in the Copper Hill area display rapid facies
changes, or have been tightly folded or faulted. BCMC
favored faulting in most places. Drill hole 9 intercepted
over 500' of massive, fossiliferous (probably Dewvonian)
dolostone, but true thickness cannot be determined.
Bedding and orientation are difficult to discern in the
fossiliferous dolostone, so figure 6 does not show
bedding. In addition, reported dips of 100 to vertical
are not consistantly correlatable between drill holes.

Subsurface mineralization is primarily restricted to
the massive coralline dolostone (Fig 6), but is also
reported within a metalimestone breccia (hole 16). Table
3 lists copper grades, and gives brief descriptions of
rocks and mineralization for each mineralized intercept.
Several generations of fracturing and healing of
dolostone and a variety of sulfide textures (massive,
disseminated and veinlets) suggest that mineralization
was multistage.

BCMC described both massive and botryoidal, radiating
pyrite in the subsurface. Pyrite selectively replaced
dark, "muddy" clasts (probably breccia fragments), and
fossils (hole 17, Table 3). BCMC reported an "intimate"

spatial association of pyrite and chalcopyrite (hole 5,
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table 3). Disseminated pyrite and bornite (hole 6, table
3) were noted within a metalimestone "clastic breccia",
although most copper sulfides were reported to occur with
dolomite and calcite in veinlets and around "clasts".
From other descriptions of "clastic breccia" and similar
brecciated textures I infer that BCMC meant non-tectonic,
pre-deformation brecciation. Blebs and veinlets of
chalcocite occur in both massive (fossiliferous, not
brecciated) and brecciated dolostone.

Despite widespread brecciation, BCMC described
dolostone as "fresh", commonly with preserved fossils.
Z2ones of extreme fracturing accompanied by quartz veining
(e.g. below 202' in hole 17; table 3), were probably
related to tectonic deformation and fracturing.

Blebs of black organic matter (probably pyrobitumen)
were noted in the subsurface within fossiliferous
dolostone at Copper Hill. In hole 16 (Table 3), organic

material is surrounded by or "embays" pyrite.

Surface Mineralization

Chalcopyrite, bornite, tetrahedrite-tennantite, pyrite,
and minor galena and chalcocite, are preserved in outcrop

at Copper Hill, whereas mainly bornite and chalcopyrite
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occur in mineralized rubble at Blind Spot (Fig. 2).
Rubble blocks (10-20 cm across) at Blind Spot rarely
contain more than 20-25% copper sulfide by volume.
Malachite, azurite, and iron oxide minerals together with
copper sulfide minerals occur in other small (10-20 m2)
areas along an approximately 3 km northwest trend from
South Saddle to Blind Spot (Fig. 2).

I examined 40 polished thin sections of mineralized and
unmineralized Devonian dolostone. Twenty thin sections
contained sufficient amounts of sulfide minerals to
describe textures, and to infer paragenetic relationships
and some genetic processes. Most of the 20 samples
contained disseminated sulfides; thirteen contained
veinlets or irregqular masses of copper sulfide. These
surface samples apparently do not contain all the sulfide
and gangue assemblages observed in the subsurface at
Omar. Colloform pyrite masses from drill holes 5,16,and
17 (table 3) were not found at the surface. Greater
amounts of chalcocite were noted in the subsurface than
on the surface at Copper Hill.

The following section describes the mineralized areas
at Omar. Table 4 summarizes the sequence of mineralizing

events.
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Table 4. Mineral occurrence chart

Diagenesis/Burial kenobilization Surface
Disseminated Sulfides  Replacement Veinlets/Brecciation Oxidation

gal e

fe-x . memmmmesenes

py=pyrite, ccpschalcopyrite, brozbornite, ten-tensantite, tet-tetrahedrite, gal-galena,
covzcovellite, dol=dolosite, cal=calcite, qtz=quartz, sal=malachite, az-azurite,
Fe-oxziros oxides

Length of dashed lines indicates relative abundance
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Disseminated and Replacement Mineralization. Grains and

rare framboids of subhedral to anhedral pyrite (.005 to
.01 mm across) are disseminated in Devonian dolostone
(unit 5) at Copper Hill and less commonly at Blind Spot.
The Devonian dolostone at Copper Hill is commonly
brecciated, and most fragments are <2 cm across, but
range up to 6 cm across. In contrast to coarse-grained
and sparry dolomite outlining the fragments, dolomite
comprising each fragment is commonly darker,
finer-grained, and may contain varying amounts of
organics and insoluble material. Disseminated pyrite is

preferentially concentrated within the organic-rich areas

(Fig. 7).
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Fig. 7a. Photomicrograph (plane polarized 1light) of
organic/insoluble-rich zones (dark) and
organic/insoluble-poor zones (clear).

Fig. 7b. photomicrograph (reflected light) of the same
area as 7a, showing the close spatial association of
pyrite (white) with the organic-rich zones in dolomite
(OM117, Copper Hill, magnification=100x).
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Accompanying disseminated pyrite are coarser {(up to 4
mm across) irregular masses of pyrite, copper sulfides
and sulfosalts. In most samples, only remnants of pyrite
remain surrounded by other sulfide minerals (which may
have replaced earlier pyrite). Chalcopyrite grains (not
in contact with pyrite) are also disseminated in the
darker, organic-rich areas.

Figures 8a through 8d illustrate sulfide textures and
paragenetic relationships from Copper Hill. Small
"islands" of anhedral to subhedral pyrite commonly occur
in a matrix of chalcopyrite. Pyrite may be rimmed and
partially replaced by chalcopyrite (Fig. 8a).
Chalcopyrite either replaces or is intergrown with
pyrite. Less commonly, tetrahedrite and/or tennantite
surrounds pyrite (Fig. 8b). Lamellae of chalcopyrite,
showing depleted zones at lamellae intersections
indicative of coherent exsolution (Craig and Vaughn,
1981) commonly occur in tennentite/tetrahedrite (Fig.
8c).

Bornite replaces earlier pyrite, contains exsolved
lamellae of chalcopyrite, and forms irregular masses
adjacent to chalcopyrite. Exsolved chalcopyrite lamellae
also coalesce into noncoherent lamellae or blebs (Brett,
1964). The timing of bornite versus sulfosalt deposition

is unclear. Rare galena is intergrown with both bornite
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and exsolved chalcopyrite (Fig. 84).

Covellite coats fractures cutting across copper
sulfides (Fig. 8d) and is probably an oxidation product.
Goethite commonly forms rims around disseminated and

coarser-grained pyrite and is also an oxidation-related

alteration product.

Mineralization in Veinlets. Veinlets carrying copper

sulfides cut the Devonian dolostone at Copper Hill and

Blind Spot and post-date lithification of the host rock.
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Photomicrograph of subhedral and anhedral
surrounded by chalcopyrite (yellow) in

Pyrite may have been growth zoned
(OM74e,

Fig. 8a.
pyrite (white)

dolomite (brown).
prior to possible replacement by chalcopyrite

Copper Hill, magnification=160x).

Fig. 8b. Photomicrograph (reflected light) of pyrite
(white) surrounded by and/or touching tetrahedrite (light
brown) and chalcopyrite (yellow) within dolomite (dark
brown). Disseminated pyrite and chalcopyrite occur in
the dolomite (OM74a, Copper Hill, magnification=210x).
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Fig. 8c. Photomicrograph (reflected light) of exsolution
lamellae of chalcopyrite (yellow) within tetrahedrite
(light brown) and bornite (pink) within dolomite (dark
brown) . Chalcopyrite lamellae show narrowing (depletion)
at intersections indicative of coherent exsolution. The
intergrown chalcopyrite and tetrahedrite and the right
side of the large sulfide assemblage show either mutual
boundaries or replacement textures with the exsolved
sulfide mass, although it is unclear which assemblage is
replacing which (OM74a, Copper Hill, magnification=400x).
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Fig. 8d. photomicrograph (reflected 1light) of galena
(white, low relief) within tetrahedrite (light brown)
containing exsolution lamellae of chalcopyrite (yellow).
Pyrite (white, high relief) also occurs within
tetrahedrite and chalcopyrite. Covellite (dark blue) on
late fractures cuts the sulfide assemblage (OM74d, Copper
Hill, magnification=80x).
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At Copper Hill, the veinlets also cut zones of organics
and insoluble material containing earlier copper sulfide
mineralization (Fig. 9). At Blind Spot, disseminated
mineralization is rare, so the relative timing of
mineralization there is not clear.

Alteration in the wall rocks around the veinlets was
minimal. In some places, coated grains and fossil debris
are preserved even where cut by veins (Fig. 10).

Veinlets typically contain sparry, euhedral to
subhedral dolomite rhombs growing outward from the
veinlet walls (Fig. 11). This veinlet dolomite is coarser
(up to .8 mm, average=.1l to .2 mm) than host rock
dolomite (.05 to .1 mm) and is relatively free of organic
material. Copper sulfides generally surround the rhombs
and form the center of the veinlets.

Some rhombs display etched or corroded surfaces (Fig.
12) indicating that minor carbonate dissolution occurred
after dolomite deposition. However, because many rhombs
preserve euhedral crystal faces adjacent to chalcopyrite
and bornite, dissolution of dolomite prior to copper

sulfide deposition was probably insignificant.
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Fig. 9a. Photomicrograph (plane polarized light) of
copper sulfide and dolomite vein (dark=copper sulfides,
clear=dolomite) crosscutting areas of concentrated
organic/insoluble material and clearer,
organic/insoluble-poor dolostone.

Fig 9b. Photomicrograph (reflected light) of same area as
9a, showing chalcopyrite (light yellow) in the veinlet
cutting dolomite (brown) (OM74b, Copper Hill,

magnification=80x).
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Fig. 10. Photomicrograph
chalcopyrite, bornite
cutting coated grains
(OM36d, Blind Spot,

(plane polarized light) of a
(dark) and dolomite (clear) veinlet

(ovals) within dolostone (brown)
magnification=40x) .

Fig. 11. Photomicrograph (plane polarized 1light)
bornite and chalcopyrite (dark) and dolomite (clear)
veinlet crosscutting dolostone (brown). Dolomite rhombs
are growing out from veinlet walls (OM36d, Blind Spot,
magnification=40x).
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Fig. 12. Photomicrograph (plane polarized 1light) of
euhedral to subhedral dolomite (clear) within
chalcopyrite and bornite (dark) in dolostone (brown). The
surface of the dolomite rhomb at the upper right of the
figure (in contact with sulfide) appears etched (OM36d,
Blind Spot, magnification=80x).

-50-



Sulfide minerals within the veinlets are bornite and
chalcopyrite. Pyrite is rare, and late covellite +/-
chalcocite occur on fractures cutting bornite or
chalcopyrite. Chalcopyrite occurs within bornite as
coherent lamellae, and noncoherent blebs and dots (Fig.
13). This chalcopyrite exsolved from an intermediate
copper-iron-sulfur solid solution (Brett, 1964) after
filling of the veinlets. Chalcopyrite also has simple
mutual boundaries with bornite.

Quartz, less common than dolomite, occurs as anhedral
masses within thicker (1-4 cm) copper sulfide-bearing
veinlets. Euhedral dolomite rhombs commonly occur as
inclusions in quartz adjacent to copper sulfides in
veinlets. Calcite is rare in veinlets containing copper
sulfides.

Veinlets commonly intersect and outline angular to
subangular dolostone fragments to form a stockwork or
breccia. Monomictic fragments of dolostone range up to
approximately 10 cm in maximum dimension. Fragments have
apparently not undergone extensive rotation (Fig. 14).
The brecciated zones do not extend for more than 1-2 m,
and are usually <1 m across.

At Copper Hill and Blind Spot more than one episode of
veining is related to mineralization. Veinlets carrying

bornite, chalcopyrite, dolomite, and guartz gangue cut
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earlier white dolomite veinlets (Fig. 15). 1In thin
section, however, all generations of veining are
virtually indistiguishable.

Chalcopyrite and bornite only rarely surround dolomite
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Fig. 13a. Photomicrograph (reflected 1light) of
chalcopyrite (yellow) in bornite (purple). Horizontal
and vertical lamellae of chalcopyrite may represent
coherent exsolution of chalcopyrite, thicker and
irregular lamellae and dots of chalcopyrite may represent
noncoherent exsolution. Dark masses are dolomite with

corroded edges.
-53-



Fig. 13b. Photomicrograph (reflected 1light) of a
chalcopyrite (yellow) and bornite (pink) veinlet
crosscutting dolostone (brown). Oval grains of
chalcopyrite show either mutual boundaryor replacement
textures with the bornite and exsolved lamellae of
chalcopyrite (OM36e, Blind Spot, magnification=80x).
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Fig. 14. Breccia of Devonian dolostone with dark angular
fragments surrounded and cut by sparry, white dolomite
(unmineralized. Copper Hill).
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Fig. 15. Mineralized and unmineralized breccias. Sample

at right is unmineralized breccia with dark fragments of
Devonian dolostone surrounded and cut by white dolomite
(Copper Hill). Sample at left shows a similar texture
but both fragments and white dolomite are cut by
dolomite-chalcopyrite-quartz veinlets (Blind Spot).
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Fig. 1l6a. Photomicrograph (plane polarized 1light) of
coated grain (oval) with a dark, fine-grained rim, and

clear, coarser dolomite, and chalcopyrite with bornite
(dark) in the core.

*H

[

Fig. 16b. Photomicrograph (reflected 1light) of the same
area as 1l6a, showing chalcopyrite and bornite (white)

inside the coated grain with dolomite (OM36d, Blind Spot,
magnification=80x).
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chombs not clearly associated with veinlets (Fig. 16).

Remobilization of Chalcopyrite into Late Veins and

Fractures. Late veins and veinlets crosscut all earlier

textures and fill throughgoing fractures in the dolostone
host. Except at Copper Hill, South Saddle, and Blind
Spot (Fig. 2), copper sulfides rarely occur within these
veinlets which are composed of calcite, quartz, and
lesser dolomite. Up to 30% of these veinlets contain
malachite and/or azurite with lesser amounts of
chalcopyrite in one outcrop at Copper Hill. Veinlet
orientations (both mineralized and unmineralized) from
this outcrop plot closely together on a contoured Pi
diagram (Fig. 17), suggesting that veins followed
subparallel fractures or joints. Most calcite-bearing
veinlets at Copper Hill are <1 cm thick, although some
veins are up to 20 cm thick (Fig. 18).

At South Saddle (Fig. 2), quartz veins crosscutting
Devonian dolostone (unit 5) are .3 to 1 cm thick, rare
veins are up to .7 m thick. Most veins are
unmineralized, and trend subparallel to foliation. Vein
density varies within the outcrop; quartz veins rarely
comprise up to 70% of the original dolostone (Fig. 19).
Minor amounts of sulfide minerals (chalcopyrite,

tetrahedrite, galena) occur in <5-10% of the veins at
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South Saddle, but parts of some outcrops and rubble are
quartz-rich gossan (Fig. 20). Atomic absorption (AA) and
semi-quantitative emission spectrographic (SPEC) analyses

of one gossan sample (OM66, Appendix A) show 1.1% arsenic
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Fig. 17. Contoured Pi diagram of 20
calcite-quartz-malachite-chalcopyrite veinlets from
Copper Hill. Points are poles to veinlet orientations,
and show a fairly tight cluster representing shallow
dipping, relatively subparallel veinlets. Contours
represent 40% (1), 30%(2), 20%(3), and 10%(4) of the
points.
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Fig. 18a. Network of thin, intersecting, calcite-filled
fractures crosscutting Devonian dolostone at Copper Hill

Fig. 18b. Calcite veinlets with minor malachite, iron
oxides, and chalcopyrite crosscutting Devonian dolostone
at Copper Hill. el



Fig 18c. Breccia with large fragments of Devonian
dolostone in a matrix of coarse, white calcite at Copper
Hill.

Fig. 109. Outcrop of Devonian dolostone cut by abundant
quartz veins along a fractured zone at Trail Mountain.
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(AA), 3.6% copper (SPEC), 6 ppm silver (SPEC), 1500 ppm
lead (SPEC), and 1000 ppm zinc (SPEC).

At Blind Spot, calcite and quartz veins up to 6 cm
thick crosscut lower Lower Ordovician metalimestone (unit
1) adjacent to mineralized Devonian dolostone (unit 5)
rubble. Veins trend subparallel to and also crosscut
foliation within the metalimestone, and contain minor
amounts of chalcopyrite and malachite (Fig. 21).
Thirty-five feet (11l meters) below the surface, BCMC
drillholes 10 and 11 intercepted a 12" thick
chalcopyrite, bornite, quartz, and calcite vein in platy

metalimestone (probably unit 1).
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Fig. 20. Gossan from fractured zone at South Saddle
Fragments of Devonian dolostone are outlined by iron
oxides (OM66) .

Fig. 21. Calcite-quartz vein crosscutting Lower
Ordovician metalimestone at Blind Spot. Veins contain
minor amounts of malachite and chalcopyrite.
Calcite-quartz veins following foliation are generally
thinner than crosscutting veins.
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Cathodoluminescent Studies

I examined 23 polished sections and chips from
mineralized and unmineralized rocks under
cathodoluminescence. 1In most samples fine-grained host
dolomite showed homogeneous moderately bright to bright
orange cathodoluminescence. Less commonly, it showed
slight variations or mottling in luminescence that
apparently corresponded to different amounts of organic
or insoluble material in the host rock.

Coarse~grained, sparry dolomite occurring in
mineralized veins luminesce differently than
finer-grained dolomite. These differences are probably
attributable to different ratios of Mn+2/Fe+2 in
solutions that precipitated dolomite (Nickel, 1978).
Manganese (Mn+2, a cathodoluminescence "activator", is
responsible for orange cathodoluminescence in dolomite
[(CcaMg)(C03)2], whereas iron (Fe+2) "guenches"
cathodoluminescence resulting in dull orange or dark
dolomite (Sommer, 1972). Studies combining
cathodoluminescence with microprobe analyses (Frank and
others, 1982) have shown that different Mn+2/Fe+2 ratios
in fluids precipitating calcite, possibly caused by Eh

and pH changes, result in distinct cathodoluminescent
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zones within individual crystals. Furthermore, Voss and
Hagni (1985) and Rowan (1986) documented correlatable
cathodoluminescent "microstratigraphy" in dolomite gangue
over 30 km in the Viburnum Trend lead-zinc district,
southeast Missouri. This "microstratigraphy" may
possibly extend up to 350 km to the southwest, suggesting
that chemically similar solutions precipitated dolomite
over great distances at the same time.

Dolomite rhombs in the crosscutting and breccia-forming
veinlets are both brighter and duller orange than host
rock dolomite under cathodoluminescence, and commonly
display distinct dull/bright growth zonation. At Blind
Spot, dolomite rhombs are generally duller than host rock
dolomite, and approximately 30% of the rhombs show dull
versus bright orange zonation. Some rhombs show dull
cores, brighter intermediate zones, and dull rims
adjacent to chalcopyrite and bornite. More commonly,
rhombs exhibit bright cores, duller intermediate zones,
and bright rims in contact with copper sulfides (Fig.

22).
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Fig. 22a. Photomicrograph (plane polarized light) of a

chalcopyrite-bornite (dark) with dolomite (white) veinlet
croscutting dolostone (brown).

Fig 22b. Same field of view as 22a under

cathodoluminescence showing relatively homogeneously
bright dolostone, and zoned (bright and dull
luminescing), euhedral dolomite in the veinlet.
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Fig. 22c. Photomicrograph (plane polarized 1light) of a

chalcopyrite-bornite (dark) and dolomite (white) veinlet
crosscutting dolostone (brown).

Fig 22d. Same field of veiw as 22c under
cathodoluminescer -e showing zoned dolomite in the wveinlet
contrasted with relatively homogeneously bright dolostone
surrounding the veinlet (OM36d, Blind Spot,
magnification=80x) .
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Fig, 23a. Photomicrograph under cathodoluminescence of a
chalcopyrite-bornite (nonluminescing) and dolomite

veinlet crosccutting dolostone. Dolomite in the veinlet
shows dull cores and bright rims adjacent to the copper
sulfides. Dolostone is relatively homogeneously bright.
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Fig 23b. Photomicrograph under cathodoluminescence of two
veinlets showing dolomite with brightly luminescing outer
rims and dull cores. Chalcopyrite and bornite are
nonluminescing, dolostone is homogeneously bright (OM74b,
Copper Hill, magnification=80x).
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At Copper Hill, approximately 30% of dolomite rhombs
are zoned, and late stage, bright orange cement typically
occurs next to copper sulfide (Fig. 23), similar to most
zoned dolomite at Blind Spot.

Cathodoluminescent zonation within individual gangue
dolomite rhombs suggests changing fluid chemistry (at
least different Mn+2/Fe+2 ratios) during dolomite growth.
Brightly cathodoluminescing rims adjacent to bornite and
chalcopyrite for most of the zoned dolomite at both Blind
Spot and Copper Hill might indicate some degree of fluid
continuity (i.e. similar Mn+2/Fe+2 ratios for fluids at
the two different places, possibly at the same time)
existed between the two areas (now 3 km apart) prior to

copper sulfide deposition.
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Fig. 24a. Photomicrograph (plane pol arized 1light) of
quartz (clear) and dolomite (semi-opaque rhombs) within
dolostone (brown).
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Fig. 24b. Photomicrograph under cathodoluminescence of
same field of view as 24a showing nonluminescing quartz
at the center, surrounded by 2zoned dolomite growing out
from the walls of the filled vug. Dolomite cement
probably grew from the walls of a former vug, and quartz
later surrounded the dolomite (0OM18b, Copper Hill,
magnification=80x) .
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Well-zoned dolomite cement also occurs within Devonian
(unit 5) bioclastic wackestone and packstone at Copper
Hill (Fig. 24). The rhombs are commonly euhedral,
apparently grew from cavity walls into the open space,
and average .05 to .1l mm across. Later,
non-cathodoluminescing quartz cement surrounds the
dolomite. Most zoned rhombs also show bright outer rims,
but only very minor amounts of pyrite and chalcopyrite
occur within a few quartz and dolomite-cemented cavities,
suggesting that fluids cementing the dolomite were

non-mineralizing.

Maturation of Organic Material in Mineralized and

Unmineralized Rocks

Spheroidal to irregularly-shaped blebs, clots, and
masses of black organic material, ranging from up to 1 cm
in diameter, occur only within Devonian dolostone (unit
5) and only at one mineralized outcrop at Copper Hill.
The possibility of a relétionship between organic blebs
and mineralization at Omar warranted petrographic study
and ROCK-EVAL pyrolysis of the blebs and also of the
organic material within the mineralized and unmineralized

country rocks. Studies by Marikos (1984) and Macqueen and
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Powell (1983) revealed a relationship between similar
organic material and mineralizing processes in the
Viburnum Trend lead-zinc deposits and at the Pine Point
lead-zinc orebody, Northwest Territories, Canada.

The organic blebs and masses at Copper Hill are
brittle, crumble into a fine powder, and sometimes show
conchoidal fractures. Their commonly spheroidal texture
suggests that the blebs were originally immiscible in a
supporting fluid. Blebs from other deposits (Marikos,
1983; Macqueen and Powell, 1983; Hitzman, 1983) were
probably derived from bitumen. Thermal alteration
probably associated with hydrothermal fluids have
rendered these blebs relatively insoluble in organic
acids, and the organic material may be termed
pyrobitumen. Pyrobitumen blebs at Omar were also heated
and are now overmature hydrocarbons.

Coarse-grained (>.1 mm), commonly euhedral, sparry
dolomite with lesser amounts of calcite and quartz always
enclose pyrobitumen in veinlets and vugs (Fig. 25).
Marikos (1983) reported a similar relationship between
bitumen blebs and calcite in the Magmont West orebody,
Viburnum Trend. Furthermore, pyrobitumen at Pine Point is
always associated with white, coarsely crystalline,
hydrothermal dolomite (Macqueen and Powell, 1983).

Dolomite occurring with pyrobitumen at Omar is commonly
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zoned under cathodoluminescence, and shows a brightly
cathodoluminescent rim adjacent to pyrobitumen, similar
to dolomite gangue associated with copper sulfides at

Blind Spot and Copper Hill (Fig. 26).
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Fig. 25a. Black pyrobitumen enclosed within white
dolomite and calcite veinlets crosscutting Devonian
dolostone at Copper Hill.

Fig 25b. Photomicrograph (plane polarized light) of
spherical pyrobitumen bleb within dolomite (brown) and
quartz (clear) (OM159, Copper Hill, magnification=40x)
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Fig. 26a. Photomicrograph (plane polarized light) of a
pyrobitumen (black)-dolomite (white) veinlet crosscutting
dolostone (brown).

Fig. 26b. Photomicrograph of the same field of view as 26a
under cathodoluminescence showing zoned dolomite in the
veinlet contrasted with homogeneously bright dolostone.

178



Fig 26c. Photomicrograph of euhedral dolomite (white) and

pyrobitumen (black) within a wveinlet.

Fig 26d. Photomicrograph of the same field of view as 26c
under cathodoluminescence showing zoned dolomite in the
veinlet. 26b and 26d both show dolomite rhombs with

brightly luminescent rims adjacent to pyrobitumen.
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Very minor amounts of fine-grained (<.0l1l mm) pyrite and
chalcopyrite occur within dolomite and quartz-cemented
cavities at Copper Hill. Minor amounts of pyrobitumen
(recognizable as spherical, opaque, and with similar
reflectance as other pyrobitumen) also occur in some
voids, surrounded by quartz. Rarely, chalcopyrite and/or

pyrite are in contact with a pyrobitumen bleb (Fig. 27).
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Fig. 27a. Photomicrograph (plane polarized 1light) of wvug
in dolostone with quartz (clear) and dolomite (white)
within dolostone (brown). Sperical blebs of pyrobitumen
are at the top and bottom of the quartz.

Fig 27b. Photomicrograph (reflected light) of the same
field of view as 27a showing partial replacement of the
top bleb by chalcopyrite (yellow) and partial replacement
of a bottom bleb by pyrite (white, high relief).
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ROCK-EVAL Pyrolysis Study

ROCK-EVAL pyrolysis is a useful tool for estimating
amount, maturation history, and possible type and
evolution path of kerogen within sedimentary rocks
(Bustin and others, 1985). It is most commonly used in
petroleum exploration; for ore deposit studies, the often
higher temperatures and more complicated histories
restricts the interpretations that can be derived from
ROCK-EVAL pyrolysis (J. Leventhal, oral communication,
1986). Furthermore, surface oxidation of outcrop samples
may result in misinterpretation of kerogen type and
evolution paths for the organic material (Leventhal,
1982). Consequently, I discuss only the organic carbon
contents and relative maturation of organic material from
12 outcrop samples across the Omar Prospect, and 2
pyrobitumen bleb samples from Copper Hill.

All analyses were performed by EXLOG Laboratories,
Anchorage, Alaska. Details of analytical equiptment and
procedure are given in Appendix B. Results of the

analyses are summarized in Table 5.
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Table 5. Results of ROCK-EVAL pyrolysis (data from EXLOG
Laboratories, Anchorage, Alaska)

D T L L e

T0OC THAI

No. Description wtd (o () 51 52 53 HI 01 51751452

09 Mineralized dolostone, 05 --- A9 01 6320 - --- ---
Onit 5

OMT74a Mineralized dolostone, 05 - A6 01 249 - --- ---
Joit §

0474b Nineralized dolostone, 69 --- 2.89 .01 2.89 ---  --- ---
Juit 5

OM77 Mineralized dolostone, g3 --- 09 0 A1 - - ---
Onit 5

OM83 Unmineralized dolostone, .19 --- 02 .01 A6 - - ---
Ooit §

0855 Onpineralized dolostone, .22 416 4905 A1 17 H
Jnit 5

0452 Uapineralized dolostone .09 --- 59 04 0 4 111 94
Unit 4

0112 Uomineralized dolostone .15 --- 24015 3 - - .-
Onit 2

QM57 Onpineralized dolostone .07 390 330 08 43 114 92
Onit 2

0886 Uueineralized dolostone .08 410 .28 .08 g3 10 912 18
Onit 2

OM8  Unmineralized meta- A1 3 47 08 0013 91 92
lipestone, unit 1

0M11 Onmineralized meta- A0 337 64 11 A9 110 190 85
lipestone, unit 1

0¥159a Pyrobitumen bleb, --- 380 S 60 1233 --- --- 45
Oait §

OM159b Pyrobitumen bleb, - 342 152 .5 104 --- --- T4
Toit §

...............................................................................................
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Hote:

S1: Free low temperature hydrocarbon yield (ng hydrocarbon / g of rock).
52: High temperature kerogen hydrocarbon yield (mg hydrocarbon / g of rock)
§3: Organic C02- kerogen derived (mg C02 / g rock).

THAI: Temperature at which maximum epission of 52 occurs.

51/(51452): Transformation or Productivity Ratio.

RI: Bydrogen Index (kerogen type) {52/(T0C x 100)]

0: Oxygen Index (kerogen type) [S3/(T0C x 100)]

Khen 52 » .20 TMAX error is approxiately +/- 4oC.

When 52 < .20 THAX error is approximately +/- §-100 C.

52 = .01 is default value (below detection limit).

THAX not reported mhen 52 is below instrument lower detection limit.
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Total Organic Carbon (TOC). TOC contents for the 12

rocks are low (<1 wt%) but fairly distinctive for each
lithology. For unmineralized rocks: Ordovician dolostone
and metalimestone (OM8,11,52,57,86,112, units 1, 2, and
4) contain the lowest TOC, ranging from .07 wt% to .15
wt% (Table 5). Three of four Ordovician dolostones
contained lesser amounts of organic material than the
metalimestones (<.1l0 wt% TOC), suggesting that the
dolostone contained the least amount of organic matter.
Unmineralized Devonian dolostone (OM83,55, unit 5)
contained greater TOC (.19 wt % and .22 wt%) than the
Ordovician lithologies. One sample of Ordovician
metalimestone, and two samples of Ordovician dolostone
from approximately 8 km southeast of the Omar Prospect
yielded TOC contents similar to Ordovician lithologies at
Omar (.06 and .12 wt% for the dolostones, .14 wt% for the
limestones; J. Dumoulin, U.S.G.S., written communication,
1986), indicating that TOC may be correlatable for some
carbonate rocks types near Omar.

Mineralized dolostones (OM9-Blind Spot,
OM74a,74b,77-Copper Hill) contain the lowest TOC (.05
wt%-0M9,74a) and the highest TOC (.69 wt%-OM74b, .73
wt%-OM77) for all rock types sampled (Table 5). High TOC
content of OM77 may be explained by small blebs of

pyrobitumen that occur with malachite and azurite. OM74b
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contains early disseminated pyrite and chalcopyrite
replacing pyrite within relatively dark and
organic/insoluble-rich zones. However, OM9 contains only
veinlet mineralization, neither disseminated sulfides nor
visible pyrobitumen blebs were observed. OM74a also
contains mostly veinlet mineralization, which may account
for the large TOC difference among the mineralized

samples.

Maturity of Organic Material. Organic material at Omar

is overmature, heated far beyond oil (T=70-130o C) and
gas (T=90-2000 C) generation windows (Tissot and Welte,
1978). High Productivity Ratios (S1/S1+S2, see Table 5)
for samples OM159a,159b,112,and 11(?) indicate that
kerogen has been thermally degraded. All other samples,
mineralized and unmineralized, contain insignificant or
undetectable amounts of unevolved kerogen (S2), also
suggesting that the organic material has been thermally
degraded. There is no significant difference in kerogen
maturity between mineralized and unmineralized samples.
Any thermal imprint on organic material by hydrothermal
fluids accompanying mineralization was masked by heating
during burial and metamorphism, at minimum temperatures
of 300-3500 C suggested by CAIs (Tables 1 and 2).

Ultraviolet fluorescence of pyrobitumen blebs also
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indicated that the material was overmature.

Carbonate Staining

I stained thin sections, chips, and slabs with Aliziran
Red-s/potassium ferricyanide solution (Dickson, 1966) to
identify calcite versus dolomite and estimate relative
differences in iron content within the two minerals. Of
105 samples, 16 mineralized samples (either copper
sulfide-bearing or containing anomalous amounts of
copper) from the Copper Hill, Blind Spot, South Saddle,
and one small area on Trail Mountain (Fig. 2) stained
strongly blue, indicating relatively ferroan dolomite.
Only 5 unmineralized samples displayed a similar color.
0Of the 50 samples that showed no blue color, 43 were
unmineralized, whereas only 7 were mineralized.
Thirty-four samples stained weakly blue, of which 19
samples were mineralized, 15 were unmineralized. The

results are tabulated in Table 6).
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Table 6. Results of Staining Mineralized and Unmineralized Thin Sections, Chips,
and Slabs with Alizarin Red-S/Potassium Ferricyanide Solution.

Sample Strong Blue Weak Blue Unstained Totals
Type (Ferroan) (S1ightly Ferroan) (non-ferroan)

Nineralized 16 19 1 {2
Unmineralized 5 15 43 63
Totals A 1} bl 105
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The mineralizing/alteration fluids were apparently
iron-rich relative to unmineralized rocks. Of 42
mineralized samples, 83% were stained blue (38% strongly
blue, 45% weakly blue). In contrast, only 32% of
unmineralized samples were stained blue (8% strongly
blue, 24% weakly blue). A few samples of a breccia from
Copper Hill contain fragments that are slightly bluer,
hence more ferroan, than veinlets outlining the
fragments. Although this is not a consistant
relationship in all rocks, it suggests that crosscutting
veinlets are iron-poor relative to fine-grained dolostone
at Copper Hill.

At the Ruby Creek copper-cobalt deposit 180 km to the
east of Omar, both a strong spatial zoning and the
different stages of hydrothermal alteration are
characterized by distinctive iron contents within
dolostone host rocks {(hydrothermal dolostone of Hitzman,
1983). At Omar, hydrothermal alteration as revealed by
staining is less pervasive and less well-developed within

dolostone host rocks than at Ruby Creek.
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Trace Element Geochemistry of Rocks, Soils, and

Stream Sediments

A total of 77 mineralized and unmineralized rock
samples, 81 soil samples, and 44 stream sediment samples
were collected around the Omar Prospect. Poor exposure
and extensive talus cover precluded systematic sampling
of rock and soil over a uniform grid pattern. Yet, the
data were valuable for characterizing the
lithogeochemical signature of the prospect and
identifying the most significant pathfinder elements in
the weathering environment. All samples were analyzed by
Elizabeth Bailey and Steve Sutley (U.S. Geological
Survey, Golden, CO) for 31 elements by semi-quantitative
emission spectrography, and by Rich O'Leary (U.S.
Geological Survey, Golden, CO) for arsenic, zinc,
cadmium, bismuth, and antimony by atomic absorption (AA).
Analytical results are shown in Appendix A.

Statistical Methods

Univariate statistics for rock, stream sediment, and
soll data are reported in tables 7, 10, and 13. Some
values for particular elements are typically above or
below the detection limits of semi-quantitative emission

spectrography, resulting in a censored data base.
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Detection ratios shown in the statistical tables
(uncensored values divided by total number of analyses)
show the degree to which data are censored for individual
elements. Geometric means and deviations were not
calculated for highly censored elements (detection ratios
less than .20).

Trace element geochemical values are typically
positively skewed, therefore all data was logarithmically
transformed prior to statistical analysis. Geometric
means and standard deviations reported in tables 7, 10,
and 13 were calculated using Cohen's (1959) maximum
likelihood method, which is a better approximation for
censored data. Additionally, the expected range for 95%
of all values in the lognormal distribution {Miesch,
1976) is included for each element.

The 95th percentile values are also reported for each
element. These values reflect mineralized rocks, soil
samples overlying mineralized zones, and stream sediment
samples from creeks draining mineralized zones.

I used R-mode factor analysis with varimax rotation to
examine the relationship among elements in the rock,
soil, and stream sediment data. Factor analysis is
commonly used by geologists to place similarly behaving
experimental variables (elements) into groups termed

factors (Johnston, 1978). These factors can help explain
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geochemical associations within the studied data base

that are related to lithology or mineralization.

Rocks

Copper, iron, arsenic, and antimony, are anomalous in

most mineralized rocks. High values for cobalt, zinc,

lead, and silver also occur in some mineralized samples.

Gold, beryllium, lanthanum, niobium, scandium, tin,
tungsten, and thorium were also analyzed for but were
below detection limits in all samples. Univariate
statistics for rock data are shown in table 7. High

cobalt contents for rocks, soils, and stream sediments
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Table 7. Univariate Statistics for Mineralized and Unaineralized Rocks

Detection Geometric Geometric Bxpected 95th

Klesent  Ratio Hinipum Naximum Hedian Hean Deviation Range Percentile
fe 0.91 §.05 20.00 0.30 0.40 5.90 01-14 15.00
e 1.00 0.03 12.00 5.00 3.20 4.00 21-50 10.00
Ca 0.99 0.05 20.00 15.00 §.80 3.80 .61-127 20.60
i 0.78 0.002 0.50 0.005 0.01 6.50 .0002-.29 0.30
Nn 0.97 10.00 1500.00 200.00 189.60 3.50 16-2250  1500.00
Ag 0.16 0.50 20.00 050 - e el 7.00
B .27 10.00 300.00 10.00 2.80 8.00 04-178 180.00
Ba 0.25 20.00 5000.00 20.00 1.50 45.00 .60-3078  1000.00
Co 0.56 5.00 2000.00 7.00 6.90 8.90 .09-540 760.00
Cr 0.26 10.00 300.00 19.00 2.30 10.00 .02-228 150.00
Ca 0.82 5.00  20000.00 50.00 65.00 23.90 12-35023 10000.00
fo 0.13 5.00 20.00 L 10.00

! 0.6! 5.00 300.00 7.00 7.69 5.19 .29-199 150.00
Fb 0.56 10.00 156090 10.00 11.00 6.40 .21-467 700,00
or 0.45 100.00 5000.00 100.00 80.00 4.20 4.5-1408  1000.00
¥ 6.75 10.00 200.00 10.00 14.00 2.80 1.8-111 150.00
{ .44 16.00 50.00 10.09 8.50 2.20 1.8-40 30.00
Ir 0.52 10.00 150.00 10.00 17.00 2.40 2.9-106 100.90
45 0.38 10.00  11000.00 10.00 310 16.00 .01-395 450.00
In 0.87 5.00  19900.09 30.00 37.00 8.10 4.6-2461  1200.00
Cd 0.53 0.10 100.00 .10 0.10 13.00 001-20.6 5.00
Bi 0.09 1.00 16.90 100 e e e 2.00
b 0,38 2.00 550.60 2.00 0.94 6.80 02-43.2 20.00
Hote

As, In, Cd, Bi, and Sb were analyzed by atomic absorption, all other elements were analyzed by
seni-quantitative emission spectroscopy

Fe, Ca, Mg, and Ti are reported in percent, all other elements are reported in parts per ailljon
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Omar were also reported by Jansons (1982). Samples from
mineralized areas collected during this study contain up
to and greater than 2000 ppm cobalt. However, cobalt
content may vary considerably within the same rock. For
example, four analyses of the same rock (OM9) from Blind
Spot revealed a broad range of values: 36 ppm and 207 ppm
(AA, Bondar-Clegg, Inc., J. Foley, written communication,
1986), versus 700 ppm and >2000 ppm (SPEC, this study).
Analytical error and variance between laboratories may
account for some of the discrepency, but the wide range
between low and high values suggests that a cobalt or
cobalt-bearing phase is present but not abundant or
evenly distributed within the rock. Scanning electron
microscopy of one sample from Blind Spot (OM9) and one
sample from Copper Hill (OM74) did not detect cobalt
minerals (J. Foley, written communication, 1986); cobalt
is probably contained within the copper or iron sulfide
crystal structures.

Table 8 shows factor loadings for the 4 factors
determined to be significant (eigenvalues>l). Factor
loadings are a measure of the influence of each factor on
a variable, and may be interpreted similarly to
correlation coefficients (Johnston, 1978). These 4
factors explain 78% of the total variance within the rock

dataset. Factors 2 and 4 define element suites associated
_94_



with mineralization. Copper, lead, and zinc show
relatively high lcadings onto both factors. Factor 2 also
includes strong loadings for iron, manganese, cobalt, and

nickel, whereas factor 4 includes high arsenic, antimony,

and yttrium loadings.
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Table 8. Factor loadings for 77 rock samples.

Element Factor 1 Factor 2 Factor 3 Factor 4
Fe -- .19 -~ --
b4 -- -- 13 --
Ca -- -- 87 --
Ti .87 -- -- --
Mo -- .69 52 -
B 89 -~ -- --
Ba .10 -- -- --
Co -- 94 -- --
Cr B4 -- - --
Cu -- .68 - 61
Ni 41 .19 -- --
Ph -- .18 - 13
Sr .62 -- - --
) .19 -- - --
1 .63 - -- 44
ir 93 -- -- --
is - -- .- 89
In -- .13 - .46
Sb -- -- -- 89

Proportion of the

total variance: 28% 24% 12% 15%

Hote:

Loadings <.4 are omitted
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Samples with high factor scores (corresponding to the
90tth percentile cutoff for each factor) for both factors
2 and 4 plot at Copper Hill, and do not reveal a clear
spatial zonation there (Fig. 28). Samples from Blind Spot
have high factor scores onto factor 2, possibly
reflecting greater amounts of cobalt within copper
sulfides at Blind Spot, contrasted with the more common
occurrence of tennantite/tetrahedrite (high loadings for
arsenic and antimony onto factor 4) at Copper Hill.
Alternatively, the two factors may reflect different
degrees of weathering; certain elements {(arsenic,
antimony) becoming residually concentrated more than
others. Some samples from Copper Hill and South Saddle
were gossan with no visible sulfides, whereas Blind Spot
samples were weathered and oxidized but most contained
visible copper sulfides. Table 9 gives some trace element
values for samples with the highest factor scores onto

factors 2 and 4.
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Geochemical factor map of rock samples showing
samples with factor scores above the 90th
percentile for factors 2 and 4; and sample sites
for samples less than the 90th percentile for both

factors.
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I interpret factors 1 and 3 to reflect lithologic
distinctions. Factor 3 shows high loadings for calcium,
magnesium, and manganese, probably indicating relatively
clean carbonates. Factor 1 apparently groups together the
argillaceous carbonates, including the platy-weathering

brown to gray metalimestone (units 1 and 3).
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Table 9. Geochemical values for rock samples with high factor
scores onto factors 2 and 4.

2 1.5 1000 10.0 100 20 200 15 60 1000 200 5 »20000
9 2 20,0 200 20,0 700 100 300 N K 15 1.0 N 20000
36 2 5.0 1000 1.5 2000 200 100 N 20 100 2.6 4 >20000
42 2 2.0 1000 L W 20 3% 50 20 00 1.0 2 1500
12 2 150 500 7.0 700 150 1500 L 30 16000 70.0 8 1600
114 2 20,0 200 W 100 150 30 N 30 180 0.2 2 300
116 2 20,0 150 L 150 300 100 N N M 0.4 N 200
17 2,4 .5 700 2.0 100 30 200 10 1100 19300 15.0 20 10000
17 4 A5 10 1.5 10 L300 10 30 0 6.3 12 7700
25 ¢ 100 30 1.0 150 50 150 N 300 00 1.0 4 3000
4] 4 05 150 1 L L1050 1000 230 3.6 26 1500
66 4 15 200 2.0 7 L1500 L 11000 {300 15.0 55 20000
75 § 5.0 200 10.0 150 20 100 50 18D 110 1.0 130 >20000
179 4,220.0 500 7.0 200 70 700 L 480 00 2.9 8§ 5000
139b 4 05 150 5 ] N L 20 210 20 0.1 6 1000
158a ¢ 250 N 1 L 10 L 450 150 1.7 28 1000
Note

fe reported as X, all other in parts per million.

s, In, Cd, and Sb analyzed by atomic absorption, all other elements
by esmission spectrography.

[=detected, but below detection limits.

N=undetected.
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Soil and Stream Sediments

Identification of pathfinder elements from primary
mineralization in the secondary weathering environment is
important in exploration for particular deposit types.
BCMC originally located mineralization at Omar following
copper anomalies in stream sediment. Folger and others
(1985) showed above background copper and arsenic
concentrations 3 km downstream of the mineralized
source. Degenhart and others (1977) reported copper
values of >20000 ppm in soils, and up to 2600 ppm in
stream sediments at Omar.

I collected 81 soil samples and 44 stream sediments at
Omar for geochemical analysis. Soil at Omar is generally
less than 30 cm thick, and is located only on broad ridge
tops and gentler slopes. Attempts were made to sample
only the more stable soils. Table 10 gives univariate
statistics for the soil sample data. Gold, beryllium,
bismuth, niobium, tin, tungsten, and thorium were
analyzed for but were below detection limits in all
samples. Values of soil samples distant from known
mineralization at Omar are similar to background values

from unmineralized rock samples.
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Table 10. Onivariate Statistics for Soil Samples

........................................................................................................

Detection Geometric Geometric Expected 95tb

Element  Ratio ¥inisum Haxinum Hedian Hean Deviation Range Percentile
fe 1.0 0.15 20.00 1.00 1.10 2.40 18-6.6 7.00
¥g 1.0 0.30 15.00 5.00 3.60 2.40 62-21 15.00
Ca 1.0 0.10 15.00 5.00 3.40 2.90 40-29 15.00
i 1.0 0.01 0.70 0.10 0.10 2.40 f1-.46 0.50
1) 1.0 20.00 1000.00 200.00 183.00 2.30 35-970 700.00
B 0.75 10.00 300.00 30.00 24 .00 3.40 2-275 200.00
Ba 0.72 20.00 1000.00 50.00 44.00 4.10 2.6-743 500.00
Lo 0.72 5.00 300.00 10.00 9.50 3.40 82-110 70.00
Cr 0.96 10.00 200.00 50.00 46.00 2.50 7.3-287 200.00
¥o 0.43 5.00 200.00 5.00 3.80 5.30 13-105 100.00
Ni 0.96 5.00 300.00 30.00 32.00 3.10 3.4-312 200.00
Pb 0.90 10.00 300.00 30.00 32.00 2.70 4.4-236 200.00
Se 0.73 5.00 30.00 5.00 6.20 1.70 2.1-18 20.00
¥ 0.98 10.00 2000.00 50.00 69.00 459 3.5-1380  1500.00
I 0.70 10.40 100.00 15.00 14.00 2.40 2.4-81 70.00
ir 0.99 10.00 150,00 30.00 28.00 2.40 4.5-176 100.00
[a 0.17 20,00 100,00 2000 ceeer e s 70.00
Sr 0.12 100.00 100.00 10000 - e 200.00
As 0.84 10.00 220.00 20.00 17.00 2.30 3.1-88 90.00
In 1.0 10.00 3000.00 80.00 104.00 3.80 7.2-1498  1100.00
Ag 0.48 0.10 §.10 0.10 0.10 4.40 01-1.9 .99
Cd 0.89 0.10 7.20 0.40 0.50 4.30 03-8.7 590
5b 0.41 2.00 23.00 2.00 1.50 2.30 .28-12 10.00
o 1.00 500  16000.00 60.00 62.00 5.20 2.3-1674  2000.00
Note

As, In, Ag, Cd, Sb, and Cu were analyzed by atomic absorption, all other elepents were analvzed
by sewi-quantitative emission spectrography
fe, Mg, Ca, and 11 are reported in percent, all other elepents are reported in parts per aillion
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Trace element associations from soil data are similar
to the associations noted in rocks. However, the two
factors (Table 11) containing element suites indicating
mineralization plot in different locations (Copper
Hill/South Saddle--factor 3; Everclear Ridge--factor 2;
Fig. 29). Copper, lead, arsenic, zinc, and silver have
high loadings onto both factors, but iron, cobalt, and
and manganese have high loadings only onto factor 3,
whereas antimony, nickel, vanadium, yytrium, and
molybdenum have high loadings onto factor 2 (Table 11).
Mineralization is not exposed along Everclear Ridge, and
outcrops are rare, but rubble chips in so0il suggest that
the underlying rock is Devonian dolostone and
metalimestone (unit 5). Factor 2 may reflect an
extension of Copper Hill mineralization at Everclear
Ridge, with either a different sulfide assemblage or
different amounts of trace elements (silver, antimony,
cadmium, nickel, vanadium, yytrium, and molybdenum)
within chalcopyrite, bornite, and

tetrahedrite/tennantite.
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Fig. 29. Geochemical factor map of soil samples with factor
scores above the 90th and 80th percentile for
factors 2 and 3, and samples sites below the 80th
percentile for both factors. Samples with high
factor 2 scores plot along Everclear Ridge and the
west side of the prospect, whereas samples with
high factor 3 scores plot at Copper Hill.

-104-



Table 11. Factor loadings for 81 soil samples.

...............................................................................

Element Factor 1 Factor 2 Factor 3 Factor 4

Fe .55 -- 65 --
Ng .- - -- 85
Ca -- -- -- 92
Ti 92 -- - --
Hn -- -- 7 --
B .81 -- -- -
Ba .67 -- - --
Co -- -- 85 --
Cr .87 -- - --
¥o -- 91 -- --
i 59 .65 - -
Pb -- 50 69 --
Se .85 -- - -
v .55 68 - --
Y .52 .67 -- --
ir .78 -- -- --
As -- 53 .12 --
ln - .66 59 --
Ag .- 15 Af --
b -- .88 -- --
Cu -- 43 .64 --

Proportion of the

total variance: 26% 24% 20% 19%

Note:

Loadings ¢.4 are onitted
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Stream sediment data reveal that copper, lead, zinc,
arsenic, cobalt, and manganese in the sediments are good
pathfinders for Omar-type mineralization (Table 12,
factor 2). Table 13 gives univariate statistics for the
stream sediment data. Gold, beryllium, bismuth,
lanthanum, molybdenum, niobium, antimony, tin, tungsten,
and thorium were analyzed for but were below detection
limits in all samples. The samples with highest scores
onto factor 2 drain mineralized outcrops in the Copper
Hill area and south of Trail Mountain, but fail to
identify mineralization upstream at Blind Spot (Fig. 30).
The stream draining Blind Spot is poorly developed, and
only relatively minor amounts of copper sulfide are

exposed there.
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Table 12. Factor loadings for 44 stream sediment samples

................................................................................

Element Factor 1 Factor 2 Factor 3 Factor ¢

fe 15 43 -- --
Ne -- -- -.58 .12
Ca -- - -- 1
fi 80 -- -- --
in .62 60 -- --
B .99 - -- --
Ba .51 -- 68 --
Co -- A7 43 -
Cr 47 - - -
Cu -- .89 -- -~
Ni .81 40 -- --
Pb -- 83 -- -
Sc RV -- 70 --
Sr -- -~ 83 --
) .86 -- -- --
{ 51 A4 -- --
ir 18 -~ -- --
s -- 92 -- .-
In A6 .68 -- --
¥4 -- .89 -- --

Proportion of the

total variance: 32% 28% 16% 8%

Note:

loadings <.4 are omitted
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Table 13. Univariate Statistics for Stream Sediment Samples

Detection Geometric Geometric Expected 95tk

Element  Ratio Ninisun Haxinum Hedian Hean Deviation Range Percentile
Fe 1.00 0.20 5.00 0.70 f.80 2.10 19-3.8 3.00
¥g 1.00 2.00 15.00 7.00 7.70 1.70 2.7-22 1500
(a 1.00 2.00 25.00 7.00 7.30 1.60 2.8-19 15.00
Ti 1.00 0.01 0.30 .07 0.10 2.20 02-.34 .20
¥n 1.00 30.00 700.00  150.00 160.00 2.10 36-704 500.90
B 0.70 10.00 150.00 15.00 17.00 3.00 1.9-153 100.00
Ba 0.61 20.00 500.00 20.00 29.00 3.90 2.1-408 300.00
o §.68 5.00 100.00 7.00 §.70 3.40 15-101 70.09
0r 0.98 10,00 150.00 50.00 39.00 2.2 §-187 £00.90
Cu 0.95 5.00 1500.00 20.00 32.00 4.90 1.3-768 700.90
Ni 0.98 5.00 100.00 20.00 23.00 1.40 4-133 76.00
£ 0.91 £0.00 150.00 £0.00 23.00 2.20 §.5-110 100.90
5S¢ 0.45 5.00 15.90 5.00 4.60 1.7 1.6-13.3 19.00
Sr 0.36  100.00 300.00  100.00 83.00 1.70 29-241 200,00
) 0.3 10.00 100.00 70.00 61.00 3.20 6-622 300.00
{ 0.61 10.00 30.00 10.00 12.00 1.70 4.1-35 50.49
ir 0.82 10.00 100.00 20.00 18.00 2.1 4.1-79 70.00
is 0.68 10.00 100.00 19.00 11.00 2.30 2.2-61 60.00
In 1.00 10.90 800.00 65.00 61.00 3.00 5.8-549 370.00
Ag 0.25 0.10 0.40 0.10 0.05 3.20 .005-.51 0.35
Cd 0.80 0.10 1.79 0.30 0.30 3.60 03-4.4 {.80
Note

ks, In, Ag, and Cd were analyzed by atomic absorption, all other elements were analyzed by
sepi-quantitative emission spectrography

Fe, Ca, Mg, and Ti are reported in percent, all other elements are reported in parts per willion
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L.ead Isotopes

Two chalcopyrite samples from Copper Hill were analyzed
for lead isotopes and contained radiogenic lead (Table
14). Lead isotope data from the western Brooks Range ore
deposits are insufficient to establish a growth curve and
calculate a reasonable mineralization age for Omar.
However, the radiogenic nature of lead in the
chalcopyrite suggests that lead has been derived from
upper crustal sediments, and represents preferential
enrichment of uranogenic lead versus common lead by
processes in upper crust (Doe and Stacy, 1973). An
igneous source for lead, therefore, is unlikely, and also
would not be expected to yield two very different 206/204
ratios for samples from the same deposit. Rather,
heterogeneoué (and radiogenic) values are common in some
Mississippi Valley-type deposits (Sverjensky and others,
1979). The Pb-isotope heterogeneity may reflect the
interaction of mineralizing f£luids with variably
radiogenic rocks and/or sediments somewhere along the

fluid path prior to mineralization at Omar.
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Table 14. Lead isotope results from two Copper Hill chalcopyrite samples.

Sample po. Pb206/Pheod Pb2dT/Phaod Pb2os/ph2od
Cww ws wn o oma

0H125 18.79 15.62 38.23
T

Data provided by ¥. Delevaux, written communication, 1986
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Fluid Inclusions

I measured melting and homogenation temperatures from
fluid inclusions in quartz in mineralized veinlets from
Blind Spot. The results are summarized in Table 15.
Inclusions in dolomite from the same veinlets were too
small for study. Homogenation temperatures for 13
inclusions vary widely, one sample (OM142d4) contained
three inclusions ranging from 113+/-40 C to 243+/-30 C,
suggesting that inclusions have necked (Rocedder, 1962)
down from originally larger inclusions. Some fluid
inclusions within the same sample show different
vapor/liquid ratios, also suggesting necking occurred.

Melting temperatures from 15 inclusions clustered
together, ranging from -3.5+/-.20 to -4.7+/-.20 C,
indicating fairly low salinities of 5.7 to 7.4 equivalent
wt% NaCl (two inclusions melted at -.8+/-.20C,
corresponding to 1.39 equivalent wt% NaCl). Although
salinities are consistant between different incluisions,
the relationship between the measured inclusions and the
actual ore-forming event is uncertain. Further work is

needed to identify mineralizing versus other fluids.
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Table 15a. Melting point temperatures and
corresponding gross salinities in weight
percent NaCl equivalent for 15 fluid
inclusion measurerents in quartz.

....................................................

Sample no. i ) Height % ¥aCl
equivalent
0M142D4 -3.94/-.2  B.204/-.028
" -3.94/-11 "
' - 84/-00 0 1.39+/-.028
0M142D8 -.84/-2 "
" -3.64/-.2  5.844/-.028
-4 44/-0 0 T.0t4/-.028
-3.84/-.2  6.144/-.028
(0¥142D -3.54/-.2 5.69+/-.028
' -4 44/-2 0 T.014/-.028
-4.04/-.2  6.434/-.028
’ -4 44/-.12 7.014/-.028
OM1420D8 -3.84/-.2  6.1447-.028
* -3.84/-.2 6.144/-.028
-4.T4/-.2 0 T 4+/-.028
-3.94/-.2  6.294/-.028
Table 15b. Homogenization temperatures for 13 fluid

inclusion measurements in quartz.

0414204

(414208
0M142D

04142D6

pelting temperature in degrees C.
hosogenization temperature in degrees C.
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Discussion

Omar does not fit neatly into one deposit type. The
spatial relationship between disseminated/replacement
mineralization and organic material, and the stratabound
vein/breccia-hosted mineralization, bear similarities to
other deposits including the Ruby Creek copper-cobalt
deposit, Mississippi Valley-type deposits, and
carbonate-hosted stratabound copper deposits in
Australia. I suggest that mineralization occurred prior
to deep burial, metamorphism, and deformation associated
with the Brooks Range orogeny, and that copper was
remobilized from earlier mineralization during or after
the deformational event. Accordingly, diagenetic changes
within the host dolostone were important to localize

mineralization.

The Relationship Between Organic Material and

Mineralization

In-Situ Organic Material. The presence of organic

material, either disseminated or locally concentrated in
zones with other insoluble material, suggeéts that the

Devonian carbonate sediment was buried before oxidation
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and destruction of organics could occur. These zones may
have resulted from pressure solution and stylolitization
of organics and insoluble material (Wanless, 1979).
Alternatively, they may also represent original and
possibly algal material. However, the organic/insoluble
zones are commonly adjacent to clearer and
coarser-grained areas, may contain solitary dolomite
rhombs, and look similar to features produced from early
compaction of limey sediment (Shinn and Robbin, 1983).
In fact, early compaction and subsequent dissolution
along grain to grain contacts or along organic layers
would release carbonate ions to provide cement for
lithification (Shinn and Robbin, 1983). It is probable
that early cementation and/or dolomitization was
necessary to preserve fossil clasts and primary
sedimentary features in the Devonian unit.

The local close spatial association between sulfides
and zones of organics/insolubles within dolostone {unit
5) is compatible with anaerobic bacterial reduction of
seawater sulfate to sulfide (Trudinger and others, 1972).
Most hydrogen sulfide in modern environments is derived
from bacterial reduction of sulfate, and the amount
produced is often but not always directly proportional to
the amount of organic matter present (Rickard, 1973;

wWilliams, 1978). It seems reasonable to believe that
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ferrous iron within the sediment reacted with readily
available reduced sulfur in the presence of organic
material and formed pyrite. Hagni (1986) reports
examples from Mississippi Valley-type deposits in the
Viburnum Trend where early pyrite formed around crinoid
stems and also within organic-rich carbonates prior to
replacement of pyrite by copper sulfides. The early
pyrite he described also occurs as partially replaced
inclusions within later copper sulfide ore minerals.
Copper-bearing solutions may have reacted with
earlier-formed pyrite or bacterially-produced sulfide
during early diagenesis at Omar and formed chalcopyrite.
Precipitation of copper sulfides in the diagenetic
environment has been proposed for Kupferschiefer and
Zambian Copper Belt deposits (Trudinger and others,

1972).

Transported Pyrobitumen Blebs. Marikos (1984) determined

that bitumen blebs at the Magmont West orebody, Viburnum
Trend, southeast Missouri, were not genetically
associated with mineralization, but were transported to
ore depositional sites by hydrothermal fluids and
precipitated later than, sometimes directly on top of,
main-stage galena crystals. The blebs he examined are

spheroidal to ellipsoidal, were polymerized, range from
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brittle to soft (indented with a fingernail) depending on
low temperature biodegradational or water washing
effects, and rarely entrain pyrite on their surfaces.
Although blebs at the Magmont West Mine were not
thermally degraded like blebs at Omar, they are also
consistantly associated with carbonate gangue minerals.
In some cases blebs at the Magmont Mine were completely
enclosed in calcite.

Based on textural evidence, Marikos (1984) concluded
that the hydrocarbons at the Magmont Mine were derived
locally from the organic-rich host dolostone, and that
calculated burial depths were insufficient to obtain
temperatures required to generate petroleum. Hence, heat
provided by the mineralizing fluids was necessary for
catagenesis and migration. The textural similarities
between blebs at Omar and blebs at the Magmont Mine,
together with the unigque occurrence of blebs at Copper
Hill, suggest that hydrothermal fluids may have generated
and transported hydrocarbons at Omar. If, for example,
simple burial at normal geothermal gradients was
responsible for hydrocarbon generation at Omar, then
hydrocarbons would probably not be restricted to the
rocks hosting copper sulfides only at Copper Hill, but
would be expected occur throughout the Devonian

dolostone.
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The very minor pyrite and chalcopyrite that occurs
within veinlets carrying pyrobitumen blebs indicates that
the fluids were not concomitantly depositing copper
sulfides when hydrocarbon droplets were enclosed within
dolomite or calcite. Because blebs occur within
crosscutting veinlets, they are paragenetically, later
than early replacement mineralization, but are not
clearly before or after veinlet mineralization.

Coarse~-grained pyrobitumen and small spherical blebs of
pyrobitumen also occur within the hydrothermal dolostone
at Ruby Creek (Hitzman, 1983). These grains are opaque,
black, have a conchoidal fracture, and are commonly
surrounded by organic-free, recrystallized dolomite with
minor calcite (Hitzman, 1983). Hitzman also suggested
that the blebs were originally liquid hydrocarbon.

The pyrobitumen in Ruby Creek rocks has been heated
beyond 0il generation temperatures. CAIs from rocks in
the Cosmos Hills hosting Ruby Creek mineralization east
of Omar indicate minimum temperatures of 300-3500 C. (A.
Harris, written communication, 1986), similar to host
rocks at Omar. Yet, because mineralization at Ruby Creek
lacks extensive metamorphic recrystallization of
sulfides, and because different pyrobitumen populations
within the hydrothermal dolostone retain distinct

chemical and reflectance differences, Hitzman concluded
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that hydrothermal fluids were responsible for hydrocarbon
maturation. I suggest that pyrobitumen at Ruby Creek
must have been thermally degraded by minimum burial
temperatures of 300-3500 C like Omar, after prior thermal
degradation by hydrothermal fluids.

More detailed study of pyrobitumen blebs from Omar is
needed to determine whether their organic chemistry is

distinguishable from in-situ organic material.

Stratabound Mineralization

Early Versus Remobilized. Minimum temperatures of

300-3500 C were reached by both Ordovicician and Devonian
lithologies at Omar, suggesting that synkinematic
metamorphism affected all rocks. If mineralization was
related to metamorphism, then both Ordovician and
Devonian rocks should be mineralized. Minor amounts of
copper occur in calcite-quartz wveins cutting Devonian and
Ordovician rocks, but the veins are not similat to the
dolomite/copper sulfide veinlets, and are interpreted to
be remobilized from earlier mineralization.

Ordovician and Devonian dolostones, although differing
in fossil assemblages, are both relatively shallow water,

platform, carbonate rocks. Ordovician dolostone is
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commonly veined and brecciated but unmineralized.
Ordovician dolostone also commonly contains disseminated
pyrite, but no copper sulfides associated with earlier
pyrite. Because mineralization at Omar is clearly Early
Devonian or later, processes responsible for veining and
brecciation in Devonian dolostone must have occurred at
least 30 million years after Ordovician carbonate was
deposited. Porosity and permeability were probably gquite
different in Ordovician versus Devonian carbonate at the
time of mineralization, and other lithologic differences
probably distinguished the two rock types. Therefore,
either lithologic differences between the Devonian and
Ordovician dolostones during mineralization favored the
Devonian over the Ordovician as a host rock, or perhaps
mineralizing fluids never came in contact with Ordovician

rocks.

Dissolution(?) Features. Intersecting veinlets and

breccias are common within the Devonian dolostone, and
most are unmineralized. Angular fragments, lack of
evidence for significant rotation of the fragments, and
common white, sparry dolomite surrounding the fragments
are similar to "crackle breccias" common to Mississippi
Valley type deposits, and possibly result from

dissolution of carbonate. Most of the copper sulfides
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exposed at Omar are contained within veinlets surrounding
angular fragments. Carbonate dissolution accompanying
sulfide deposition (Anderson, 1983) may have occurred
locally, but many other processes may have been
responsible for more widespread dissolution, including
interaction with meteoric water (Estaban and Klappa,
1983), dissolution of evaporite minerals (Gerdemann and
Myers, 1972), or even acid generation accompanying
hydrocarbon maturation (Surdham and Crossey, 1985).
Presently, there is no evidence to suggest which

process(es) were most important at Omar.

Sources of Metals and Fluids

The source of fluids, metals, and sulfur at Omar is
enigmatic. For many stratabound base metal deposits,
Pine Point, midcontinent Mississippi Valley-type
deposits, Cooley and Ridge deposits, Australia, and Ruby
Creek, a nearby sedimentary basin may have provided both
fluids and metals (Beales and Jackson, 1966; Cathles and
Smith, 1983; Williams, 1978; Hitzman, 1983). However,
regional stratigraphic relationships are not known well
enough around Omar to suggest a similar relationship.

The source of metals and fluids at Omar was probably
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not magmatic. Igneous rocks are rare near Omar, and lead
isotope values from Copper Hill suggest an upper crustal,
probably sedimentary source. Adequate amounts of metals
for mineralization could be leached from many different
sources, none of which need to contain anomalous amounts
of metals (Ohle, 1980). The intriguing predominance of
copper over lead and zinc may have resulted from either
the original chemistry of the fluid, Eh and pH
conditions, and/or interactions along the fluid path.

For example, zinc-dominated deposits may form from fluids
travelling through a carbonate aquifer, lead-rich
deposits from a sandstone aquifer, and copper-rich
deposits from a red-bed aquifer (Sverjensky, 1981). The

fluid path at Omar is unknown.

Comparison to other deposits

Omar shares many characteristics with other stratabound
base-metal deposits including the Cooley and Ridge
deposits at McArthur River, and the Lady Annie deposit in
Australia, the southeast Missouri (0ld Lead Belt,
Viburnum Trend) lead-zinc(copper) district, and the Ruby
Creek copper deposit in Alaska. The similarities and

differences of host rocks, mineralogy, geochemistry,
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mineralizing style, and timing between these deposits and
Omar is worth examining.

The discordant Cooley and Ridge deposits at McArthur
River, Australia contain disseminated (though also
massive) and vein mineralization in brecciated dolostone
bodies similar to Omar (Williams, 1978). Like early
replacement mineralization at Omar, chalcopyrite replaced
earlier-deposited pyrite; bornite formed later as a
reaction product between pyrite and chalcopyrite
(Williams, 1978). Also, sulfides comprising main-stage
mineralization at the Cooley and Ridge deposits are both
fine-and coarse-grained (10ths of um to 1 cm) and display
classic open-space filling textures. Unlike Omar, the
mineralogy is dominated by pyrite, sphalerite, and
galena, with lesser chalcopyrite, bornite, marcasite, and
tetrahedrite. Later replacement of both disseminated and
vein-hosted copper sulfides by sphalerite and galena
characterizes McArthur River, whereas Omar displays less
common clearcut replacement textures.

Copper mineralization at the Lady Annie copper deposit,
Paradise Valley, Australia, i1s similar to Omar and
consists of disseminated clots of chalcopyrite, pyrite,
and bornite, with replacement and eining of pyrite by
chalcopyrite within dolostones (Hitzman, 1983).

Mineralized samples from both Lady Annie and Omar are
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anomalously high in cobalt. Organic material is
spatially associated with mineralization at Lady Annie
like mineralization at Copper Hill; chalcopyrite and
pyrite occur within coarse-grained white dolomite veins
containing quartz and anthracitic organic material
(Lewis, 1975). However, Lewis also noted that
carbonaceous material in the veins is replaced by
chalcopyrite. Hydrothermal fluids at both Lady Annie and
Omar may have remobilized the organic material into
veinlets, but organic material in veins served as loci
for sulfide mineralization at Lady Annie and not at Omar.
Mississippi Valley-type deposits are stratabound,
epigenetic, base metal occurrences hosted in Paleozoic
carbonates. Except for the southeast Missouri
lead-zinc-copper district, most Mississippi Valley-type
deposits are zinc/lead-rich, and contain only small
amounts of copper. Copper mineralization in the Viburnum
Trend displays some textures similar to those at Omar.
Early, disseminated pyrite is common to many deposits
and, like Omar, pyrite may be closely associated with
concentrations of organic material (Hagni, 1986). 1In
some Viburnum Trend mines, framboidal and crystalline
pyrite was partially replaced and commonly occurs as
inclusions within pods and lenses of later massive

bornite and chalcopyrite (Hagni, 1986). Main-stage
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mineralization in the Viburnum Trend, however, consists
of galena, sphalerite, and only minor copper sulfides.

The Ruby Creek copper-cobalt deposit is hosted within
Devonian dolostone 180 km east of Omar. Most copper
mineralization at Ruby Creek, like Omar, was
fracture-controlled, occurring as vein, stockwork, and
massive mineralization. Veins at Ruby Creek also
commonly contain planar, white dolomite crystals with
euhedral terminations towards the vein core (Hitzman,
1983). Chalcopyrite replaces pyrite at both Omar and Ruby
Creek, and bornite intergrew with chalcopyrite in the
copper-rich assemblages. Both deposits are anomalous in
cobalt. Organic material is also spatially associated
with mineralization at Ruby Creek; chalcopyrite rims and
forms veinlets within pyrobitumen grains near the fringe
of the stockwork zones.

Unlike Omar, hydrothermal alteration produced several
generations of dolomite, reflected by a well-developed
iron zonation at Ruby Creek (Hitzman, 1983). The
hydrothermal dolostone body at Ruby Creek contains only
rare depositional features, whereas hydrothermal
alteration at Omar is less pervasive. Also, earlier
chalcopyrite/bornite intergrowths are replaced by bornite
and chalcocite-digenite at Ruby Creek.

Omar is not a Mississippi Valley-type deposit, nor is
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it rich enough in lead and zinc to be grouped with the
Cooley and Ridge deposits. Although Omar is similar to
many stratabound, carbonate-hosted deposits, more work is
needed on the genetic aspects of mineralization before
Omar can be classified with a larger group of deposits.
Similarities in age of the host rocks, mineralization
style, and mineralogy, however, suggest that Omar is most
like the Ruby Creek deposit.

Suggestions for Exploration

Known base metal mineralization at Omar is too low in
tonnage and grade for commercial exploitation at present.
BCMC determined that, despite some high-grade intercepts,
mineralization was discontinuous at depth due to either
extensive faulting, rapid facies changes, or irregular
distribution of veinlets. Cobalt minerals were not
detected at Omar despite more than 2000 ppm cobalt in
some rock samples.

The trace element suite in stream sediments and soils
that is useful as a pathfinder for Omar-type
mineralization includes copper, lead, zinc, cobalt,
arsenic, silver, and +/-manganese. Exploration for
Omar-type mineralization should utilize so0il and stream
sediment sampling to detect mineralization, although

anomaly contrast is generally poor in drainage basins
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underlain by carbonate rocks (Degenhart and others,
1978). Soil sampling is effective but hampered by poor
soil development and solufluction common to permafrost
areas.

A favorable geologic environment for Omar-type deposits
includes fossiliferous, reef-facies, relatively
organic-rich dolostone, with evidence for brecciation and
open-space development. Other common features might
include proximity to a sedimentary basin (possible
metal/fluid source), relatively ferroan hydrothermal
dolomite accompanying mineralized rocks (easily
determined by staining), and evidence for hydrocarbon

migration possibly driven by hydrothermal fluids.

Summary

Fig. 31 schematically illustrates the hydrothermal
mineralization of the Devonian dolostone and later
remeobilization. The main features of mineralization at

Omar are listed below.

1. Omar is stratabound and discordant within Devonian

dolostone host rocks.
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2. Syngenetic or early diagenetic pyrite is concentrated
along organic-rich zones within the host rocks, and may

have utilized bacterially-reduced sulfate.

3. Copper-sulfides and sulfosalts locally replaced the
coarser-grained pyrite. Chalcopyrite replaced pyrite
blebs and masses, and occurs as exsolution lamellae

within tetrahedrite and bornite.

4. Copper sulfide-bearing sharp-walled veinlets cut the
dolostone, indicating veining occurred after

lithification.

5. Clear, euhedral to subhedral dolomite rhombs grew into
open spaces within veins that were later filled by

sulfide.

6. Dolomite rhombs abutting sulfides in veinlets commonly
show bright/dull growth zoning under cathode
luminescence, indicating Mn+2/Fe+2 ratios changed within
the fluid during dolomite growth. Brightly luminescent
rims adjacent to copper sulfides at both Blind Spot and
Copper Hill suggests fluid composition may have been

similar at both sites prior to copper mineralization.
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Bright/dull zoning also occurs within sparry, euhedral
dolomite cement that grew into small dissolution cavities
in the host dolostone, and within dolomite rhombs

adjacent to pyrobitumen within sharp-walled veinlets.

7. Pyrobitumen occurs as grains and spheroidal blebs, and
is most abundant near mineralization at Copper Hill.
Blebs may represent migrated hydrocarbons. Rarely, blebs

entrain copper and iron sulfides.

8. Conodont alteration indexes indicate that the rocks
reached minimum temperatures of 300-350o0 C during
regional metamorphism. Temperatures were not anomalously
high at Copper Hill, suggesting that mineralization

temperatures were no higher that 300-350o0.

9. Late calcite, quartz, and dolomite-bearing veins carry
minor amounts of remobilized chalcopyrite and follow
fractures and joints that formed during or after

mid~-Jurassic to Cretaceous deformation and metamorphism.

-129-



Organic/lInsoluble=Rich Zones

w'th Pyrite and Copper Sulfides/Sulfosalts

Davontan

—; Ean =" Ny =T oD éHydrothermal
_ e Ftluids
FrE

/\I_\\/[\Unconformity(?) /_\l\/\

B [ Ordovician [ I

Disseminated/Replacement

Chalcopyrite and Bornite with Dolomite

Devonian EHydrothermal
Fluids

Uncanformity(?)

Ordavician

Veinlets/Breccia

Chalcopyrite with Calcite and Quartz

a1
1S oo ™\

Late Veins

Fig. 31. Schematic diagram showing the interaction of
the Devonian dolostone with hydrothermal fluids to form
disseminated and replacement mineralization (top), and
veinlet/breccia mineralization (middle). Late veins with
minor amounts of remobilized chalcopyrite are shown
crosscutting all earlier textures (bottom).
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Conclusions

Copper sulfide mineralization at Omar was epigenetic,
and was accompanied by minor hydrothermal alteration
limited to dolomite formation, with minor gquartz and
calcite. Mineralizing fluids preferred the Devonian
dolostone over Ordovician lithologies, or possibly never
encountered Ordovician rocks. Organic material in the
Devonian host rocks served as loci for disseminated and
local replacement mineralization. Hydrocarbons may have
been mobilized by hydrothermal fluids, but were not
directly involved with most copper sulfide
mineralization. Hydrothermal fluids were relatively
iron-rich, and Mn+2/Fe+2 ratios changed within the fluid
during growth of gangue dolomite in veinlets. Temperature
of mineralization did not exceed 300-3500 C. The source
of the mineralizing fluids is unknown, but metals may

have been derived from an upper crustal sediment source.
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APPENDIX A, OMAR ROCX SAMPLES--Continued

Samp!e Latitude Longi tude Fe Mg Ca T Mn AQ 8 8a Co Cre Cu
St €r 29 22 160 $2 27 ot 2.00 20.00 003 200 N {10 N N N 200
s2 €7 22 13 160 S2 20 .10 $5.00 20,00 0035 200 N 10 N N N 7
e €7 23 19 160 52 20 50 .03 1.00 020 10 N 30 (20 N n 15
4 67 22 22 160 3t 27 20.00 ot 05 J100 200 N 18 3¢ 100 100 300
99 £7T 3 27 t60 S1 32 15.00 .30 (.09 .300 70 .S 20 20 20 200 200
o &7 ) 160 St 02 20,00 10 W10 .003 30 (.3 N 20 150 N 2¢0
vt €7 I 29 60 52 09 S50 1.00 20.00 007 To00 2.0 (@3] (20 100 (10 10,000
s¢ €7 03 22 160 S2 37 .30 T.00 20.00 008 1,000 N N 1] S0 {10 s0¢
bR ] §7 2 33 160 ST a7 .20 S.00 15,00 .003 300 N N ] N N 100
&7 (324 10 S2 47 3.00 1,50 3.00 +300 300 N 200 300 20 T0 S0
< €7 160 1 1% .20 .00 20.00 .020 200 N N ] N N T
€2 67 169 S5+ 7 1.50 1.00 20.00 150 300 N 130 200 15 100 20
e3 [ t60 SU SO <20 .70 20.00 020 t30 N N N N N iS5
X (24 160 St 14 1.00 2,00 10.00 150 500 H 30 300 S 30 10
[ €7 2 *50 S1 22 .70 10.00 15.00 003 200 N N N 2] N 19
a€ €7 29 323 180 51 22 .50 1.00 20.00 020 150 N {10 H 2] 10 S
i &7 29 36 te0 S2 28 .70 1,00 2.00 010 100 N (o 20 10 (10 50
€3 €7 22 S6 160 52 28 .03 .50 20.00 007 150 .8 N N N " 1,000
e3 87 39 17 1€0 52 $3 .30 1.00 10.00 100 $00 N 100 200 15 50 ?
74 67 23 58 t60 St S8 .20 $5.00 15.00 <030 70 N 15 N N 10 10
T €7 20 47 160 53 45 10 7.00 10.00 <007 70 N <10 N N N [§1
e 67 H40 42 160 53 22 .05 3.00 20.00 <007 S0 N N 3,000 N N N
T €7 30 15 160 $2 38 t.05 10.00 20.00 .003 150 N N N N «10 S
73 €7 22 2% 160 52 18 +30 3.00 135.00 1010 200 N to N 10 N 70
7S 67 22 2 160 52 38 2.00 5.00 t0.00 007 S00 N (%0 N 30 N 100
Te €7 23 2 160 52 138 ' 20 5.00 10.00 «00S Sa¢ N 0 «20 7 N 1,000
T €7 23 4% 160 3 0 <30 10.00 20.00 .020 150 N o 20 [§-] 10 10



-
-z2Z= ..zzzz'.‘oh

222222222222222ZZZZZZZZZZZ:

S
[ )
002
0cs

z2g22z222222
-
iy

oo
” N

°zZ2
o~

ot
0

(2]
0k
1)
o
01
s
01)
01)
ot
L)
064
(X}
(7]
[
003
o)
01
01)

s
(24
o)
0
[

2z

04)
o)

o1
0z

0€E
o)

PONUIIUDD- - S5 1dNVS HIOH HYWO

0
(33
0
[3]
(1]
[ 28]
04)
[2}
04
0
01
St
[}
02
[
00
[ 2
0ss
18]
0
01
0L
(1}
[ 11
o
[y
0

004
0062

000

007
008
(243

00s
00}
00S

000°4
0003

®Z2ZZ2Z2Z209°
oo
mm

o
-

s

*¥ XI1ON3ddv

04
0z
003
eos
s
o€
04}

06

Q4

ZZZonr~r

o
F

I R I B AR O
L A A D

[ 7 BTN
W M U e

.9

@ dueg

-145-



-9v1-

Sampte

... . LD NPV LW =
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0w WO W o
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@
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LW~ ow

b
W ® W

w
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Jdetected;

L

Latitude

67
67
67
67
67
67
67
67
€7
€7
€7
67
&7
€7
67
67
67
57
€7
67
67
67
€7
67
€7
€7
&7
€7
[ 24
67
67
&7
67
€7
€7
67
67
€7
67
587
67
67
67
67
€7
67
€7
€7
e7
67

29
29
29
23
29
23
2e
28
22

28

28
28
22
22
21
2
48
49
S
$S
57

2

[

2
14
19
20
21
19
2
3
29
s
36
36
38
41
48
S50

5

[
56
40
37
37
ar
a4
48
St
55
ss
29
29
30
KAl
20

-
<

20
S0
30

160
160
150
160
160
160
160
160
160
160
160
160
160
160
160
160
160
180
160
160
160
160
160
160
160
160
160
160
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160
1€0
160
160
160
160
160
160
180
1€0
160
160
160
160
160
160
160
10
160
160
$60

52
52
52
52
52
52
S0
S
S0
S
51
St
St
51
St
S1
51
32
$2
s2
52
52
52
53
$3
52
52
Se
$3
53
53
53
53
54
53
53
s2
$2
52
52
52
53
53
$3
93
53
53
53
S1
S

Longlitude

37
38
3
235
22
te
52

8
354
21
30
36
45
959
32
S7
59

4
S4
a2
34
48
57
10
12
56
S4
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59
59
49
32
b3

3
47
a2
43
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59
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45
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4
39
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3.00
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.70
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3.00
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3.00
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W10
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1.00
.50
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10
10
07

OMAR SOIL SAMPLES
timit of determination shown)

Mn

1,000

150
700

1,000
1,000

300
200
15¢
100
100
100
150
3o0c¢
200
3040
1900
300
300
300
300
S00
200
1950

20
150

200
T0
70
T0

150
100

200
50

200

100
70
90

800

T00

150

20¢
30

200

200

S00

100

J00

100

L

(10
€10
100
10
(10

20

10
{10

30
100
(10

€10
30

10
30
10
50
200
100
300

100
13
100
30
20
100
15
20
10
50
10
150
10
15
3¢
S0
S0
30
30
20
T0
100
20
too
30
(1o
N

20
100
300
20
000
100
100
€20
70
50
20
(20
S50
70
(20
{20

100

100
150
100
S0
20

Ce

(10

100
10
30
S50
S50
20

200
ts
150
30
50
13
100
70
30
100
100
100
200
100
1350
20
100
200
200
So
20

-
P4

15
1350
15
150
30
S0
To
150

S0
S0
150
130
10
S0
100
150
30
20

Mo

4
10
20

20

30

N

Ni

30

100
<30
100
70
70

10
So
10
70
15
15
10
14
30
20
30
70
70
t00
150
200
10
300

300

determined to be greater than the value shown,)
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(1]

130
10
200
300
30
(10
30
150
10
70
20
30
30
100

S0
15
30
10
30
70
100
15
30
100
150
30
15
10
10
S0
s
S0
€10

70
Te
100
30
20
100
70
100
30
30
50
30
20
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APPENDIX A, OMAR SOIL SAMPLES--Continued

Sample Se v v e Le Sr As Zn Ag -] so Cu

1 N «to 10 N N <100 90 1,100 +33 2.2 2 3,000
? S So N N N N 20. 1,000 .20 5.8 2 420
K -] 200 ts 70 N t00 40 soo0 .30 1ee 4 860
B (8] 15 15 <10 N 100 890 270 .39 1.3 4 2,000
b 5 70 20 20 N N 130 900 .73 1.7 6 2,000
€ s 100 N 20 N N 220 1,300 4.10 5.4 10 t,100
7 ? 30 13 30 H N 10 2s .03 4 N 3s
9 (&3 15 N 13 N N 10 20 N N N 10
k] Y 2 19 10 N N N 30 .30 .2 N 10
‘0 30 200 15 ts N N 20 60 ' 29 2 N 170
ve ¢y (X (RY] 10 N (100 1o 30 N 1 H ts
*2 20 150 10 30 N 20 3S 10 '3 N 130
13 7 20 20 S0 N 109 (1o 3¢ N .2 H 10
1s ? *S 15 30 N 150 10 30 N .3 N 23
15 5 10 ts 15 N 100 10 120 N .3 N IR
1€ 19 S50 10 100 N N 30 130 20 t.0 2 60
(§-3 100 t10 50 N N ao 310 N .7 2 8s
10 H 20 10 20 N N 10 110 10 4 2 30
L] 10 S0 15 S0 N N (10 60 N .2 N 80
¢ tQ 150 195 150 N N 20 80 N .2 N 6S
2 20 150 30 100 N N 10 73 N o4 N (3]
hid 20 300 s0 150 S0 N 20 160 .13 .8 2 100
s2 ? 1,000 sSe S50 50 200 20 3re .30 2.7 ] 70
24 10 2,000 70 70 100 100 30 460 +40 2.7 6 100
28 7 30 ] 20 N N 10 20 N .2 N 20
26 7 1,500 T0 T0 T0 700 20 390 13 a4 4 10
27 s 500 70 100 N N 20 120 .60 .7 4 150
28 5 1,500 70 S50 30 0 40 350 .40 3.8 23 150
) 7 20 20 59 N N €10 43 $.09 .4 N 15
a¢ " 20 H 10 N N 10 15 N ) N 10
3 " 20 N S0 N N to 30 N .2 N 1S
N 2¢ €10 15 N N ] 23 N .2 N 'S

19 150 10 19 N N 20 110 W10 od N 140

N 290 N 10 N N " L] N . N 15

e 500 50 (8Y] S0 o 20 190 .20 t.8 4 30

H 50 N (e H N 1o 20 N N N 19

T 1,000 100 30 30 N 30 T00 90 4.8 4 220

300 50 10 S0 0 S0 150 .60 2.4 H 160

T 159 20 0 N N a0 280 .30 t.0 2 300

[y 159 o 20 N N 30 300 20 .8 2 130

S 70 S50 T0 30 N 40 660 + 30 6.3 4 140

7 100 7] 20 N " 10 45 N .2 N 20

7 1,500 30 70 S0 1350 30 180 .80 3.0 2 120

10 tsao 15 10 ] N 20 20 .20 .2 2 30

5 100 H J0 N N 20 [ 33 N .2 N 60

5 S0 5 20 N N N 70 (.05 1.0 2] 15

M 1,300 70 100 To0 o 20 410 %1 3.9 6 a0

5 500 30 S0 N N 20 s10 .50 6.8 a 100

s 20 10 30 N N {50 25 €. 09 2 N 0

4 15 10 15 N N 10 30 N ot N 10
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APPENDIX A, OMAR SOIL SAMPLES--Continued

Sample Latitude Long ! tude Fe Mg Ce Ti Mn -} Be Co Cr Mo Ni Pb
S 67 29 52 160 51 593 .50 10.0 t3.0 10 100 (10 20 10 30 0 30 20
s 6T 29 54 16¢ S2 8 W70 S.0 5.0 10 700 - 200 100 S0 150 10 70 1o
LX] €r 02 57 160 ST 3S .50 10.0 15,0 W10 100 10 20 10 3o 0 30 20
b &7 29 %9 160 S2 40 .30 7.0 5.0 103 300 N 20 7 10 N 10 20
ss €7 20 3 160 ST 43 7.00 15.0 15.0 07 500 N 30 S 15 N 20 10
S€ &7 30 & 160 52 4¢3 .50 15.0 15.0 .03 300 N (20 N 30 N 10 1o
s7 T30 13 160 52 S4 W15 3.0 3.0 05 100 10 20 N 10 N N (]
9 g7 30 10 160 53 14 2.00 1.5 2.0 + 20 300 70 100 20 100 N 70 20
59 €7 20 7 t60 $3 30 3.00 3.0 3.0 20 150 70 200 10 100 N so 30
60 67 33 32 169 52 4 30 10.0 3.0 .02 100 10 N n 19 N N K]
& €7 30 32 160 52 45 .50 7.0 7.0 .03 70 «“190 20 20 (K] S 20 30
82 87 38 30 160 52 53 .50 5.0 3.0 .03 100 10 t20 H 20 N s 10
€3 g7 30 27 1€D0 $2 59 2,00 2.0 3.0 15 200 70 300 15 70 N $0 30
¥ 8T 20 2% 160 §3  § 1,00 2.0 3.0 ' 07 200 10 150 n S0 N 20 20
[ €7 20 15 160 52 S7 2.00 2.0 3.0 10 200 100 500 [ 70 4 30 30
6G €7 20 13 160 52 32 .20 7.0 5.0 W0 200 ] 20 15 €10 N 10 20
67 57 30 13 160 52 31 1.00 .7 .2 L) 150 S0 100 10 50 30 3eo 30
68 67 30 16 160 52 8 30 $.0 5.0 .02 100 10 <20 N 20 N 20 (10

3 €T ae 2y 160 3¢ 49 3.00 3.0 1.9 130 30 100 30 18 t30 10 30 50
Te 67 30 2 160 S1 28 .50 r.0 5.0 .09 100 10 €20 N 30 N L] €10
7 67 R0 23 160 S1 37 .50 3.0 3.0 02 100 10 20 N 20 N s (10
T2 67 30 22 160 S1 13 2.00 t.5 S.0 .20 500 100 150 10 100 N 80 30
72 T 30 32 160 S 12 .70 3.0 3.0 .02 50 20 t20 N 20 N 3 10
74 67 23 3¢ 160 52 36 5.00 T.0 10.0 .02 1,000 10 20 300 20 15 70 300
TS €7 29 I 1€0 52 35 1.00 3.0 $.0 .03 100 20 30 70 20 10 30 150
T¢ 67 22 32 160 82 34 2.00 5.0 3.0 15 100 70 100 So So 1S S0 T0
b 87 T9 22 t60 52 32 1.50 5.0 T.0 ' 10 300 S0 70 30 10 N 30 100
79 67 29 34 160 52 33 1.50 3.0 2.0 +10 200 30 20 19 30 N 30 T0
T3 57 29 54 160 S1 3 1.00 3.0 2.0 .07 150 30 10 N 70 N 50 10
80 67 29 St 160 St 7 1.50 7 2 13 200 S0 100 7 30 N 20 18
') 67 30 7 160 53 31 LT0 .3 .S .07 100 20 100 N 50 10 70 18
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APPENDIX A.
Limit of determ:nation showng

Fe

2.0

1.5
1.0

1.5
1.0

2.0

Mg

- - - - -
O NUNOUL N ~NU U

- - -
NMENUANOUOANUA N WONU~NWDOWV

CNBNVALUO VAR O W

OMAR STREAM SEDIMENT SAMPLES
determined to be Qgreater

Ca

T

<100
+ 030
070
015
030
015
1050
020
020
050
070
.050
<150
« 100
« 130
<150
200
1200
200
<130
2100
100
070
070
«070
+ 300
130
100
070
050
<100
<100
<070
1020
030
100
010
«100
<010
070
100
<150
<400
«200

Mn

too0
« 70
100
30
70
100
150
30

70
150
150
70
300
soo0
200
300
200
150
15¢
300
150
200
100
150
100
700
200
300
700
300
Soo
150
200
S0

10
200
100
300
100

10
100
300
$00
300

(e
{10
30
15
100
20
T0
S0
o

toe

100

20
N
N
N

(20
€20

(20
30
200

150
70
S0

200

200

100
T0
30

20
{20
S00
150
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t20
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(20
(20
S0

20

20
3eo
t20
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than the value shown.)
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13
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30
193
30
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30
20
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10
1,300
700
700
1,000
300
S00

200
20
10
15
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30
10
A\
10
+3
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APPENDIX A, OMAR STREAM SEDIMENT SAMPLES--Continued

Sample Na Pb Sc Sr v Y 2 As Zn Ag Co
30 S0 S 150 T0 3 20 10 93 N .7

10 10 N N «o N . 10 10 20 N ot

20 30 N N T0 N 10 10 43 N .3

5 19 N N 20 N 10 (10 10 N N

10 20 s (100 1" (10 10 N 20 N .2

S 10 {s 150 (10 N (10 €10 10 N .3

S t N N 20 N X (10 10 N N

(s t1o N N €10 N N 10 10 N N

10 1S I3 100 20 10 (10 N 20 N .2

[ 15 10 N N 30 N 10 10 15 N N
' S0 15 S €100 200 N 10 10 130 10 (Y]
2 7 {0 1] N 30 N (10 10 20 N N
P €0 'S 3 150 150 13 50 (10 €S N ]
' 20 S0 n (1] 100 10 20 20 130 N .3
s 56 50 7 100 150 20 30 20 210 N t.9
16 10 To0 7 N 200 30 30 20 190 W18 1.2
tr 15 30 T 100 30 20 30 (K] 100 N ]
[X:1 50 20 10 150 70 15 S0 N 70 N X}
5 20 10 200 70 15 50 €10 65 N .3

59 20 10 200 150 15 S0 10 100 N .5

. 590 30 7 300 70 20 20 10 130 N , 8
2 Se 2 " N 200 15 15 10 110 .20 1.6
2 59 0 k] 130 150 20 20 to 100 N 1.3
n 20 10 N 100 150 N 20 10 [}} N .3
5 30 15 N N 200 N 10 10 70 N 2
€ 100 t50 ts N 200 30 100 40 800 .40 2.7
? 20 10 4 N 20 19 20 50 360 .30 7
9 39 100 7 130 20 13 20 40 aro .35 1.9
3 70 70 ] 150 200 20 10 100 32 .38 1.9
¢ 20 S0 5 N 30 13 15 80 200 ST 1.0
' 100 100 H N 700 1S 30 a0 350 .30 1.5
2 15 30 N N 100 (B2} 20 10 40 N N
3 ae S0 35 N 100 10 193 So ERL) .20 1.6
N 1o 20 (s N 15 to (10 10 50 N .3
9 1s 20 [$] 100 30 10 10 €10 40 N .3
€ 'S 20 H 150 s0 20 20 (10 a“0 N .S
7 19 190 N N S0 H N 10 S N ot
9 70 30 (S N 300 29 20 10 140 10 1.3
3 a0 15 N N S50 1] 15 10 ElJ N 1]
6 'S 20 (s <100 13 to 20 (10 20 N [ ]
' 20 30 7 150 30 2 30 €10 60 N .4
. 20 10 s N 100 t10 S0 10 10 N N
3 20 20 7 100 150 1 S0 20 80 N .9
: 10 29 15 N 300 30 70 10 €S N .2



Appendix B.

Analytical Procedure and Equiptment for ROCK-EVAL Pyrolyis by EXLOG
Laboratories, Anchorage, Alaska

Sample Preparation

Samples were washed with cold, clean water and dried. Three to
four grams of sample were crushed and prepared for analysis. One
gram of sample was heated for three hours at 600 C in approximately
3M hydrochloric acid to remove any carbonates (inorganic carbon
source). Residual mixture was vacuum filtered onto a glass fiber
mat. The solid residue and mat were washed with approximately 100
ml of clean water to remove any excess acid. Samples were then
dried in a warm (80o C) oven for one hour.

Analytical Equiptment

1. Leco CR12 Carbon Determinator

2. Geocom Source Rock Analyzer

Analytical Cycle

Carrier Gas--Helium

Initial Isothermal Temperature--300o0 C
Isothermal Hold--3 minutes

Temperature Ramp--250/minute

Final Isothermal Temperature--5500 C

CO2 Trap Close--3900 C

The Rock-Eval was calibrated using EXLOG's EL-S standard.
Standard and bland calibrations were run every 10 samples.

-152-



	The geology and mineralization at the Omar Copper Prospect Baird Mountains Quadrangle Alaska
	Let us know how access to this document benefits you.
	Recommended Citation

	tmp.1459884606.pdf.Wv_TI

