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INTRODUCTION

The Blackbird mining district contains the largest marginal reserves of
cobalt in the United States. Historically, these reserves have been explored
and mined with Government subsidies during times of war, and could be brought
back into production in future times of strategic need or if mineral economics
change. Geologic and geochemical studies in the Blackbird area by the U.S.
Geological Survey are designed to contribute to the understanding of the
geologic setting and conditions of formation of the cobalt deposits for more
effective exploration and resource assessment.

The Blackbird mining district is located in the Salmon River Mountains of
Lemhi County, Idaho, about 35 km west of Salmon (fig. 1). The area is
characterized by steep-walled canyons and heavy conifer forest. The very
small amount of outcrop in the area hampers geologic study. Most exposures
are soil or rock glaciers that do not permit reliable mapping or sampling.

The Blackbird area was first prospected for gold in 1893, and cobalt was
discovered in 1901. There was 1ittle demand for cobalt until World War I;
from 1917 to 1920 deposits recognized earlier were mined for about 9 tonnes of
cobalt (Vhay, 1948). A deposit at the south end of what would become the
Blackbird mine complex was mined for Cu-Ag-Au from 1938 to 1940; Co in that
ore drew a penalty. Military needs for cobalt during World War II justified
the participation of the U.S. Geological Survey and U.S. Bureau of Mines with
the Calera Mining Co. in an extensive exploration program that outlined
several new cobalt deposits (Vhay, 1948). An underground mine complex was
developed and a mill was erected nearby to make cobalt and copper
concentrates. Production from the Blackbird mine, chiefly from 1951 to 1959,
was about 6,350 tonnes Co from ores that averaged about 0.6 percent Co and 1.5
percent Cu. Operations ceased in 1960 with the loss of a government contract
for cobalt, decreased copper prices, and competition from foreign cobalt
suppliers.

From 1978 to 1982 Noranda Exploration Inc. reevaluated the district for
additional reserves to support a new mine-mill complex. Many Co-Cu prospects
were known in the mine area from the 1950's, including some with favorable
drill intercepts. The size of the prospects had been underestimated because
of incorrect geologic interpretations that ore was emplaced in post-
metamorphic shear zones. Noranda geologists recognized that the ores are
stratabound in character and are associated with mafic volcaniclastic strata
(Hughes, 1983; Hahn and Hughes, 1984). The Noranda exploration program
defined 5.0 million tonnes mining reserves and 7.3 million tonnes indicated
reserves, and located many new prospective lodes (Nash and Hahn, 1986). The
exploration program was effective, but economic conditions in the 1980's have
prevented mine development.

This report presents analytical results for 372 samples mostly from drill
core and collected by Nash in a program designed to describe the geochemical
character of several types of ores and alteration in the Blackbird area.

These studies build upon the geologic studies made by Noranda Exploration and
amplify some of their rock descriptions. These analytical results have been
cited in recent publications (Nash and Hahn, 1986; Nash and Hahn, 1987; Nash
and others, 1987). An additional 40 samples were collected from outcrops near
the mine to investigate the composition of mafic rocks outside the deposits
and to determine the composition of specific rock layers rich in chloritoid or
garnet.






GEOLOGIC SETTING

Cobalt-copper deposits of the Blackbird district occur in clastic rocks
of the Middle Proterozoic Yellowjacket Formation that probably formed in a
rift basin. The deposits are stratabound within distinctive fine-grained
clastic and volcaniclastic rocks that comprise only a small part of the
Yellowjacket Formation (Hughes, 1983; Nash and Hahn, 1986). The area
underwent several periods of metamorphism and deformation in the Precambrian,
and rocks of the region were thrust eastward during Paleozoic and Cretaceous
orogenies, then cut by Cenozoic normal faults. Regional greenschist
metamorphism occurred prior to contact metamorphism associated with 1,370 Ma
granitic plutons (Evans and Zartman, 1981).

The Yellowjacket Formation in east-central Idaho is the oldest
sedimentary unit in a Proterozoic section that is at least 15,000 m thick.
Regionally, and in the mine area, three lithostratigraphic units can be
distinguished (Hughes, 1983; Connor and others, 1985) (fig. 1). The lower
unit, more than 3,000 m thick, is predominantly grey-green argillite and
siltite with lesser amounts of fine-grained quartzite and impure carbonate.
Sedimentary features suggest deposition in a deep marine basin by turbidity
currents as basin-plain and distal turbidite deposits. The upper part of the
lower unit contains some coarser clastic rocks (fine-grained quartzite). No
Co-Cu deposits of the Blackbird type occur in the lower unit.

The middle unit, about 1,200 m thick, is the host for the largest Co-Cu
deposits of the Idaho Cobalt Belt (Hughes, 1983; fig. 1). The middle or B
unit of Hughes (1983) is a complex of coarsening upward cycles of argillite,
siltite, and fine-grained quartzite, and contains distinctive interbeds of
biotite-rich rock. Zircon from mafic beds in the middle unit yielded apparent
U-Pb ages of about 1,670-1,700 Ma (Hahn and Hughes, 1984); these ages should
be considered maximum ages because of possible inherited radiogenic lead (K.V.
Evans, written commun., 1986). Sedimentary structures are abundant in this
unit and include graded beds, silt-sand couplets, flute casts, load
structures, slumped beds, and sand dikelets. These clastics were probably
deposited in a submarine fan complex.

Layered biotite-rich rocks are common in the middle unit (fig. 2).
Individual mafic beds are 1 to 20 cm thick and tend to occur in packages about
2 to 10 m thick comprised of mafic volcaniclastic strata and interbedded
siltite and quartzite. Details of continuity on strike are not well known
because of poor outcrop, but most mafic packages can be correlated between
drillholes 100 m apart. Multiple packages of mafic rocks, which we term a
"sequence,” are 10 to 200 m thick and are useful for district-scale mapping
(fig. 2). Mafic beds tend to be massive or faintly laminated and generally
are not foliated. Depending upon metamorphic grade they are comprised chiefly
of biotite or biotite-garnet +/- chloritoid. Beds up to 10 cm thick of
granular quartz or fine tourmaline are associated with the mafic rocks; the
lack of clastic textures in thin sections indicate these are chemical
sediments (exhalite). Biotite-rich argillites resemble mafic rocks but have
finer, "shreddy" metamorphic biotite, more clastic quartz grains and layers,
and graded bedding.

The upper unit of the Yellowjacket in the mine area is more than 1,000 m
thick and is mostly quartzite with thick beds having planar laminations.
Interbeds of fine clastic rocks are rare and there are very few mafic beds.
Cross-beds and ripples are the most common sedimentary structures.
Sedimentation probably was in a mid-fan or shallow marine shelf, although some
hummocky beds probably reflect shallow-water wave action. No subaerial or
intertidal environments are recognized in the mine area.
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Figure 2. Generalized geology of the Blackbird mine area showing the
location of Co-Cu deposits and prospects (generalized from
unpublished mapping by Noranda Exploration, Inc., 1982).

The Blackbird underground mine developed ore from a series of
deposits spanning about 2.3 km from the Idaho Zone to the Blacktail
zone. Abbreviations: BZ, Blacktail zone; BBZ, Brown Bear zone; BBWZ,
Brown Bear west zone; BP, Buckeye prospect; CZ, Chicago zone; CP,
Chelan prospect; CEP, Catherine-E1la prospect; DZ, Dandy zone; ECP,
East Chelan prospect; ESP, East Sunshine prospect; HZ, Horseshoe

zone; IZ, Idaho zone; IP, Iowa prospect; MP, Mushroom prospect;

RP, Ridgetop prospect; SIL, South Idaho lode; TP, Toronto prospect



Metamorphosed mafic dikes and sills of several types intrude the
Yellowjacket Formation. Although these rocks rarely crop out, they are common
in float and in drillcore and mine workings where they are seen to be 1 to
30 m thick. Most dikes are dark green to black with faintly porphyritic
texture. Metamorphic minerals are biotite, zoisite, plagioclase, siderite,
and minor quartz. Other dikes are grey with equal amounts of metamorphic
plagioclase and mafic silicate minerals. A few diatremes, intersected in
drillholes, contain fragments of ultramafic rocks, gabbro, and carbonate rock
composed of coarse-grained calcite; the carbonate fragments may represent
carbonatite because no clean limestone is known in the basement. Mafic
volcaniclastic rocks of the middle unit are most abundant in areas having
mafic dikes and are chemically similar to the mafic dikes, as described in a
later section; the mafic intrusions are believed to have vented into the
Yellowjacket basin.

Proterozoic granitic rocks intrude the Yellowjacket about 3 km north and
east of the Blackbird mine (fig. 1). The granitic rocks generally have large
K-feldspar phenocrysts and some have gneissic fabric. Samples from various
phases of the large body yield discordant Rb/Sr ages of about 1,500 Ma
(Armstrong, 1975) and zircons yield a more reliable U-Th-Pb age of 1,370 Ma
(Evans and Zartman, 1981). Metamorphic grade increases toward the intrusive
body, reaching a maximum grade of hornblende-cordierite-sillimanite in the
contact zone.

Tertiary volcanic rocks of the Challis volcanic field cap some ridges
about 5 km from the mine. Tertiary mafic and felsic dikes fill some fault
zones and intrude the Yellowjacket in the mine.

The dominant structural features of the area are north to northwest-
striking faults and shear zones. One of the largest of these, the White
Ledge, appears to have substantial strike-s1ip movement and marks the western
1imit of mafic strata in the mine area (fig. 2). The garnet isograd is
influenced by some of the north-trending faults, indicating post-metamorphic
vertical displacement. Parts of some deposits, such as the Chicago and Brown
Bear zones (fig. 2), are in sheared rocks; this association led early workers
(e.g. Vhay, 1948) to conclude that the ores formed as shear-zone
replacements. However, new mine mapping and drillcore logging reveal that ore
layers continue on strike into unfoliated rocks. Local occurrences of ore
minerals, chiefly chalcopyrite, in shear foliation, hinges of small folds, or
in bull gquartz veins are now interpreted to reflect metamorphic
remobilization. Folds of many types and scales are present. Folds are most
evident near the Merle and Idaho zones (fig. 2); beds are locally overturned
in the Idaho zone. Some tight folds are near north-trending shears and seem
to be produced by drag. Other folds are associated with areas of soft-
sediment deformation and are interpreted to be slump folds.

Three types of Co-Cu deposits are recognized in the Idaho Cobalt Belt
(fig. 1). (1) The most important deposits are those of Blackbird mine type
that are rich in Co, Cu, and As. These consist of approximately equal amounts
of cobalt and copper minerals, generally cobaltite (CoAsS) and chalcopyrite,
with variable gold and pyrite content. The deposits have tabular form and are
closely associated with mafic sequences. These deposits and prospects are
shown on figure 2. Most of the results reported here are for samples from
these deposits. (2) Cobaltiferous-pyrite deposits, with variable chalcopyrite
content, occur at Iron Creek about 28 km southeast of the Blackbird mine
(fig. 1). These deposits contain abundant very fine to coarse-grained
pyrite. Bedded magnetite occurs below the Co-pyrite zones. Results are
reported for 41 samples from the Iron Creek deposits. (3) Cobaltite-bearing,



tourmaline-cemented breccias are common in the lower unit of the Yellowjacket
Formation for many kilometers south and east of the Blackbird mine. Only a
few contain more than 0.1 percent Co. Results for a limited suite of samples
from one deposit, the Conicu, are reported here

A unifying feature in more than a dozen Co-Cu deposits in the Blackbird
mine area is the intimate association with mafic sequences (fig. 2). Some of
the sequences contain several Co-Cu lodes along strike, and some contain as
many as eight stacked lodes, each in a mafic package (Nash and Hahn, 1986).
The mafic sequences are time-stratigraphic markers, and the Co-Cu deposits
along strike in a mafic sequence are probably time equivalents. Many of the
samples selected for analysis (table 2) are these mafic rocks because of their
economic importance and also their geochemical rarity.

SAMPLING STRATEGY

A11 samples analyzed in this study are from drill holes because no mine
workings were accessible. Oxidized and weathered materials were avoided in an
effort to minimize the effects of surficial processes. The deposits studied
have tabular geometry with ore in "layers" that are conformable with bedding
of the enclosing sedimentary rocks (Nash and Hahn, 1986). An example of an
ore layer is shown in figure 3. A goal of the study is to describe the
geochemical and mineral zonation (if present) above, below, and within ore
layers. To that end, one or two samples were typically taken in ore, and one
or two samples from the hangingwall and footwall zones of each drill hole.
Assays provided by Noranda Exploration Inc. were one guide to ore, as was the
mineralogy of ores and alteration. Experience by Noranda and by Nash showed
that the abundance of ore and alteration minerals decreases abruptly at the
margins of the ore "layers" which are much darker in color than enclosing
strata due to abundant biotite. Hangingwall and footwall core samples
generally were taken from an interval of about 12 to 48 inches from the darker
ore layer, as well as from another location several feet away from the ore
layer. Most samples are a composite one-quarter portion of drill core 12 to
24 inches long if sufficient material was available. In many ore intercepts
there was very little core remaining, and for these locations a split was
taken of the core that had been crushed for assay. A slice was retained for
petrographic study of most samples. A total of 332 samples was collected in
this manner.

The Sunshine and Merle deposits were examined in most detail because they
are most representative of the most significant Co-Cu ores of the district
(Nash and Hahn, 1986). The Sunshine deposit is more than 1,800 feet long; the
south end is cut off by a fault and the north end is open down plunge.
Twenty-two drill holes that intersected the Sunshine deposit were sampied;
most of the holes were drilled as "fans" to provide more than one ore
intercept (fig. 3), thus our samples describe possible variation across the
ore layer as well as along its strike. A total of 129 samples from the
Sunshine deposit were collected. The Merle deposit contains multiple ore
layers (fig. 4; Nash and Hahn, 1986) up to 13.4 feet thick and at least 1,600
feet long. Most of the sampling was directed at the Merle "B" layer, the
largest of eight. Nash collected 144 samples from 17 of the 23 Noranda drill
holes that intersected mineralization in the Merle deposit. Four samples from
the Horseshoe prospect are described in table 2; these samples should be
similar to those from the Sunshine deposit except that metamorphic grade is
lower. Four samples from the South Idaho deposit (table 2) are geologically
similar to samples from the Merle deposit.
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Ten samples (coded C in table 2) from the Conicu deposit (Nash and Hahn,
1986) are characterized by abundant flooding by fine-grained tourmaline. Two
samples contain fragments of carbonate and ultramafic rocks, possibly emplaced
by an explosive eruption. Also, 41 samples (coded IC in table 2) were collected
from the No-Name deposit at Iron Creek where cobalt occurs as cobaltiferous
pyrite. Outcrop samples (prefix NIC, table 2) were collected near the Blacktail
open pit and on Sunshine ridge to investigate bulk chemical differences that
produce layers rich in chloritoid or garnet. Also, outcrop samples were
collected near the Tinker's pride prospect, 6 km north of the mine, to
investigate the character of mafic biotite-rich rocks that are well exposed.

METHODS FOR GEOCHEMICAL ANALYSIS

Rock samples were analyzed by chemists of the U.S. Geological Survey using
standard methods described below. For more information consult the references
cited.

Sample preparation: A1l samples were crushed in a steel jaw crusher and
pulverized in a grinder with ceramic plates to a minus 100 mesh (0.15 mm) grain
size for analysis.

X-Ray fluorescence (XRF): A split of the sample weighing 0.8 g is fused with 8.0
g lithium tetraborate, and the glass disk obtained is analyzed for major
elements by wavelength dispersive X-Ray spectrometry (Taggart and others,

1988). The XRF method can not distinguish between ferric and ferrous iron;
results for total iron are reported as ferric iron ("FeTO;" in table 2). Limits
of detection are shown in table 1. J.E. Taggart and A.J. Bartel, analysts.

Two unusual aspects of these samples posed problems for the XRF method.
First, samples containing more than about 28 percent iron (as Fe,03) cause the
detector measuring iron in the spectrometer to experience "dead %ime", caused
when so many characteristic X-Rays enter the detector that it fails to record
all events (counts). Also, samples containing more than about 0.2 percent As
could not be analyzed because the As would damage the platinum crucible during
ignition and fusion. Samples with high Fe or As concentration have no values
(--) reported in table 2. Some samples with high concentrations of Cu or Ni
were problems if those elements caused the fused glass disk to stick to the
platinum crucible, making it difficult or impossible to obtain a good disk for
analysis.

Induction Coupled Plasma Atomic Emission Spectroscopy (ICP): A split of the
sample weighing about 0.2 g is digested with mixed acids (HF, HC1-HNO3, HC104)
to dryness, then redissolved in HC1-HNO,, then analyzed by inductively coupled
plasma atomic emission spectroscopy witﬁ lutetium as an internal standard
(Lichte and others, 1988). The lower limits of detection are shown in table

1. A few refractory minerals are not dissolved by this acid attack. For the
analysis of B in tourmaline and Zr in zircon, the sampie is sintered with Na202
prior to ICP analysis. Paul Briggs analyst.

The wide dynamic range of the ICP-AES method permitted successful analysis
of both the ore and barren wall rock samples in this study. The normal method
of total sample dissolution in mixed acids seems to work well for most elements,
but problems are suspected for some elements 1ike Sn and Nb that reside in
refractory oxide minerals. B and Zr in tourmaline and zircon were effectively
dissolved after sintering in Na,0,. High concentrations of Fe, Co, and Cu in
many of these ore samples probagly caused spectral interference with the



Special Element Analysis: Six additional elements are analyzed using methods
described by Jackson and others (1988). L.L. Jackson and E.E. Engleman, and
D.B. Hatfield, and E. Brandt, analysts.

Fe as FeO: Sample (0.5 g.) is decomposed with HF and H,S04 in a platinum
crucible and the digestate is immersed in a solution of boric, sulfuric, and
phosphoric acids. Fe(II) is determined by potentiometric titration with
potassium dichromate.

Suifide minerals are known to complicate analyses by this technique and
cause results to be incorrectly high or low. If the sulfide mineral
dissolves, then the S reacts in titration to produce high results for FeO; if
the sulfide does not dissolve, any iron in the sulfide is not detected in the
titration. There possibly are large errors in the Fe0 results for samples
with high sulfide concentrations.

Hy0: Sample (1.0 g) is heated at 110° for 1 hour, and H20- is determined by
weight loss. H20+ determined on 0.05 g. sample heated with lead oxide and
lead chromate with evolved water analyzed by coulometric Karl Fischer
titration.

C total: Sample (0.75 g) is combusted in an oxygen atmosphere; total C is
determined as CO, by infrared absorption spectrometry.

S total: Sample (0.25 g) mixed with vanadium pentoxide and combusted at 1370°
C in oxygenated atmosphere; total S determined at S0, by infrared absorption
spectroscopy.

Au: Sample (10 g) is digested with HBr-Br, and the Au is extracted with
methyl-isobutyl ketone (Hubbert and Chao, 1985). After washing the organic
phase with 0.1M HBr to remove iron, Au is determined by flame atomic
absorption spectroscopy.

Se: Sample (0.3 g) is digested w1th KZSZOB’ HF, HNO3, and HCLO4 plus a second
treatment by HNO3 and HCLO4 plus HpS Solution is mixed with sodium
borohydride and resultant meta] hyéri e is carried in an argon stream into a
heated quartz glass tube and determined by atomic absorption spectroscopy
(Wilson and others, 1988).

The high As concentrations in many of these samples interfere with the
determination of the much lower concentrations of Se by competing for
hydride. Some Se results may be substantially lower than the amount present;
where problems were recognized during analysis no results (--) are reported in
table 2.

RESULTS

Analytical results for 372 samples are in table 2. A statistical summary
of the ranges in element concentrations in analyzed samples of ore and
enclosing wall rocks is in table 3. Arithmetic mean values reported in table
3 are approximate and do not include qualified results (less than or greater
than values) that would influence the mean.
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Table 1. Llower Limits of Determination in Geochemical Analyses

Major elements! in weight percent
Si0 0.05 Ti0, 0.02
A1bs, 0.10 0% 0.05
Fe?03 0.04 MnO 0.02
Fel 0.01 H20+ 0.01
MgO0 0.10 H20- 0.01
Ca0 0.05 co 0.01
Na,0 0.15 S tot 0.01
K26 0.02
A1 (5)} 0.05 Na (S) 0.005
Fe (S) 0.05 K (S) 0.05
Mg (S) 0.005 Ti (S) 0.005
Ca (S) 0.05 P (S) 0.005
Minor Elements in parts per million

Ag 2 Mn 4
As 10 Mo 2
Au 0.05 Nb 4
B 20
Ba 1 Nd 4
Be 1 Ni 2
Bi 10 Pb 4
Cd 2 Sc 2
Ce 4 Se 0.01
Co 1 Sn 10
Cr 1 Sr 2
Cu 1 Ta 40
Eu 2 Th 4
Ga 4 u 100

v 2
Ho 4 Y 2
La 2 Yb 1
Li 2 In 2

Ir 8

1Major elements reported as oxides (e.g., Si02) determined by X-Ray
fluorescence; those with "(S)", determined by induction coupled plasma atomic
emission spectrometry.

2FeT03 is total iron reported as Fe203.

11



Explanation of Table 2
The number of figures reported in table 2, such as for

Ca %-s and K %-s, are not necessarily significant but are a result of the
computer listing format.

Abbreviations used in table 2:

-— No data or not determined.

< Less than value shown.

> Greater than value shown.

S as in Ag PPM-S, determined by ICP-AES

N, L for Au only: N, not detected; L, detected but below the 1imit of
determination (0.05 ppm).

FeTO3, total iron reported as ferric iron (Fey03)

Explanation of sample numbers: the number is derived from the diamond drill
hole coding. The first letter or two stand for the deposit: C, Conicu; HO,
Horseshoe; IC, Iron Creek (No-name prospect); M, Merle; S, Sunshine; SI, South
Idaho; NIC, surface samples. The next digits are the number of the drill hole
as designated by Noranda Exploration. The final digits are the depth in the
drill hole in feet.

Explanation of geologic and engineering coding (last eight columns in

table 2):

Feet north: coordinate in an informal local grid system, in feet. Should be
used in a relative sense for samples from the same deposit.

Feet east: coordinate in an informal local grid system, in feet. Should be
used in a relative sense for samples from the same deposit.

Elev Ft: sample elevation, above sea level, in feet.

Rel Ft: location of the sample relative to ore. The ore zone is O feet,
footwall samples are negative numbers, and hangingwall samples are positive
numbers measured perpendicular to the ore (not along the drill hole).

Lithol: 1ithology of sample: all samples contain biotite, and most samples
from Sunshine deposit contain garnet. Codes-- 10, argillite; 20, siltite; 30,
fine quartzite; 40, biotite-rich mafic rock, conformable with enclosing
sedimentary layers (probably a sedimentary volcaniclastic rock); 50, very rich
in mafic components (>80 percent mafic volcaniclastic); 60, 70, 80, not used;
90, mafic dike. Second digit describes major mineralogy: O, biotite;

1, garnet; 2, tourmaline; 3, hydrothermal quartz.

Fabric: fabric and structure of sample: first digit: 1 (tens), thinly
laminated; 2, medium to thickly laminated bedding; 3, massive or not obviously
laminated (describes both originally nonbedded fabric, such as in a dike, or a
sediment that has lost its bedding); second digit: 1, contains notable
primary sedimentary structures; 2, contains epigenetic disruption structures;
3, contains fractures and veinlets; 4, contains disruption structures and
veinlets.

12



Oretyp: Type of ore: 10, cobaltite dominant; 20, chalcopyrite dominant; 30,
cobaltite plus chalcopyrite; 40, pyrite only; 50, other varieties of ore; 60,
barren or very low grade hangingwall; 70 barren or very low grade footwall;
80, barren, other location not obviously spatially related to ore; modifier:
1, contains magnetite; 2, contains more than 5 percent pyrite; 3, contains
magnetite and pyrite.

Lode: Name of deposit: 1, Iron Creek (No-name deposit); 2, Conicu; 3,
Sunshine; 4, Merle layer A; 5, Merle layer B; 6, Merle layers C to H.

NOTE: Five elements were determined by ICP-AES but not reported in table 2
because no samples contained detectable amounts. A1l determinations of Au by
ICP were < 8ppm; all determination of Cd were < 2 ppm; all determinations of
Sn were < 20 ppm; all determinations of Ta were < 40 ppm; and all
determinations of U were < 100 ppm. Ho was determined by ICP-AES and not
reported in table 2 because the majority of determinations were < 4 ppm; 21
samples contained 4 to 11 ppm Ho, one had 22 ppm and one had 31 ppm. Tungsten
can be determined by ICP-AES but was not included in this analytical package,
thus we have no data to report.
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